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ABSTRACT
Objective: Education in itself and as a proxy for socioeconomic status, may influence
asthma control, but remains poorly studied in adult-onset asthma. Our aim was to study the
association between the level of education and asthma control in adult-onset asthma.
Methods: Subjects with current asthma with onset >15 years were examined within the
Obstructive Lung Disease in Northern Sweden study (OLIN, n¼ 593), Sein€ajoki Adult Asthma
Study (SAAS, n¼ 200), and West Sweden Asthma Study (WSAS, n¼ 301) in 2009–2014 in a
cross-sectional setting. Educational level was classified as primary, secondary and tertiary.
Uncontrolled asthma was defined as Asthma Control Test (ACT) score �19. Altogether, 896
subjects with complete data on ACT and education were included (OLIN n¼ 511, SAAS
n¼ 200 and WSAS n¼ 185).
Results: In each cohort and in pooled data of all cohorts, median ACT score was lower
among those with primary education than in those with secondary and tertiary education.
Uncontrolled asthma was most common among those with primary education, especially
among daily ICS users (42.6% primary, 28.6% secondary and 24.2% tertiary; p¼ 0.001). In
adjusted analysis, primary education was associated with uncontrolled asthma in daily ICS
users (OR 1.92, 95% CI 1.15–3.20). When stratified by atopy, the association between primary
education and uncontrolled asthma was seen in non-atopic (OR 3.42, 95% CI 1.30–8.96) but
not in atopic subjects.
Conclusions: In high-income Nordic countries, lower educational level was a risk factor for
uncontrolled asthma in subjects with adult-onset asthma. Educational level should be con-
sidered in the management of adult-onset asthma.
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Introduction

Asthma is a heterogeneous disease affecting individu-
als of all ages (1). The global prevalence of asthma is
estimated to be 4–20% (2), and around 10% in the
Nordic countries (3,4). Adult-onset asthma represents
a unique clinical phenotype of asthma (5,6), and some
of its risk factors include obesity, female gender,
smoking, depression, and recently experienced

respiratory tract infections (6,7). Adult-onset asthma
is often more difficult to treat and requires higher
doses of inhaled corticosteroids (ICS) than childhood
asthma (1). This may lead to uncontrolled asthma and
poor health-related quality of life (8,9).

To assess the level of asthma control, the Asthma
Control Test (ACT) is recommended and widely used
in clinical practice (1). Risk factors for uncontrolled
asthma, assessed with ACT, are smoking, obesity, and
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socioeconomic factors, such as lower education and
income (10–12). While the impact of socioeconomic
status, usually a composite indicator of different fac-
tors (e.g. education, income, and occupation), on
asthma is well known, the specific role of educational
level in asthma control has been sparsely studied. In
children, lower parental education is a risk factor for
uncontrolled asthma (13). However, the impact of
educational level on asthma control in adult-onset
asthma remains poorly studied. In two previous stud-
ies in adults with asthma in the US, lower education
was an independent risk factor for uncontrolled
asthma, defined by ACT � 19, but age of onset was
not considered (14,15). Whilst it is not clear how edu-
cation by itself or interaction with other environmen-
tal factors affects asthma control, a putative role of
education provides a window of opportunity to design
interventions that will enhance asthma management
pathways that take into account the influence of edu-
cation. For instance, if an increased risk of uncon-
trolled asthma is established in adults with primary
level of education only, compared with adults with
higher level of education, it is important to consider
the educational level of the patient in management of
adult-onset asthma.

The aim of this study was therefore to investigate
whether the level of education plays a role in asthma
control in adult-onset asthma in Finland and Sweden.
The study was undertaken under the framework of
the Nordic EpiLung study, which is a collaboration
between respiratory research groups in Sweden,
Finland, and Norway investigating the socioeconomic
differences in obstructive airway diseases.

Methods

Study population

We included adults with current asthma that had
onset of asthma after the age of 15 years from three
clinically examined asthma cohorts in Finland and
Sweden: Sein€ajoki Adult Asthma Study (SAAS,
2012–2013) in Finland (16), the Obstructive Lung
Disease in Northern Sweden study asthma cohort
(OLIN, 2012–2014) (17), and West Sweden Asthma
Study (WSAS, 2009–2012) (18). In the SAAS-cohort,
the exclusion criteria were physical or mental inability
to provide signed informed consent and age at asthma
diagnosis below 15 years. In OLIN and WSAS, exclu-
sion criteria were age below 19 and 16 years, respect-
ively. The SAAS cohort was recruited from Sein€ajoki
Central Hospital in Western Finland which serves an
area with 200,000 inhabitants, being mostly rural.

Participants in the OLIN cohort were recruited from
Norrbotten, which is the northernmost county of
Sweden and mainly rural, with 250,000 inhabitants.
The WSAS cohort was recruited from V€astra
G€otaland region, which has urban and rural parts.
V€astra G€otaland has 1,728,000 inhabitants with
600,000 in Gothenburg and 1,040,000 in the metropol-
itan area. The studies had ethics approvals from insti-
tutional Ethical Boards in Finland and Sweden, and
all participants provided written informed consent. A
study flow chart is provided as Figure 1.

The SAAS cohort consists of individuals seeking
health care in 1999–2002, and the final diagnosis of
adult-onset asthma (age at onset >15 years) in each
patient was made by a specialized respiratory phys-
ician, and confirmed by objective lung function meas-
urement (16). In 2012–2013, the cohort was invited to
a follow-up, in which n¼ 200 participants had current
asthma defined as physician diagnosis of asthma with
at least one of the following: asthma medication use,
symptoms (ACT <25), oral steroid burst within
2 years, pre-bronchodilator FEV1 �80% predicted,
post-bronchodilator FEV1/FVC �0.7, fractional
exhaled nitric oxide (FeNO) >20 ppb or FEV1 revers-
ibility �12% and 200mL (8,19).

The OLIN cohort consists of adults with asthma (ever
asthma or strong indications of undiagnosed asthma),
based on predefined criteria, identified by clinical
examinations of population-based samples performed
between 1986 and 2001 (17). In 2012–2014, the asthma
cohort was invited to a clinical follow-up, in which
n¼ 511 with age at asthma onset >15 years had current
asthma (defined as a report of asthma medication use,
attacks of shortness of breath, and/or wheeze during the
last 12months).

The WSAS cohort consisted of n¼ 185 adults with
current asthma (defined as either ever and/or phys-
ician-diagnosed asthma in combination with at least
one of asthma medication use, attacks of shortness of
breath and/or wheeze during the last 12months) and
age at onset >15 years, identified by clinical examina-
tions of population-based samples performed between
2009–2012 (18).

In all three cohorts, the clinical examinations
included pre- and post-bronchodilator spirometry,
measurement of height and weight, skin-prick test
and a structured interview with questions about
respiratory symptoms, smoking habits, pharmaco-
logical treatment, and level of education. ACT was
used to identify the level of asthma control with a
score range of 5–25; lower scores indicate poorer
asthma control (20,21).
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Definitions

Even though adult is officially defined as a person
�18 years old, we defined adult-onset asthma as
asthma starting after the age of 15 years. This defin-
ition equates to biological maturation, which has usu-
ally occurred or is far advanced at 15 years, and
therefore better corresponds to biological adulthood.

Smoking habits were categorized as nonsmoker, ex-
smoker, and current smoker. Body mass index (BMI)
was defined as height/weight2, and categorized as nor-
mal BMI <25, overweight 25–29.9 and obesity �30.
Atopy was defined as a positive skin-prick test (SPT)
(a mean wheal diameter �3mm after 15min) against
any airborne allergen. Uncontrolled asthma was
defined as an ACT score �19 (20,21). Level of educa-
tion was categorized as primary school (usually
9 years), secondary school (usually 12 years), and ter-
tiary education (more than 12 years) (13).

Statistics

Continuous data were expressed as mean and stand-
ard deviation (SD) or median and interquartile range
(IQR). In comparisons of variables with three groups,
continuous variables with normal distribution were
analyzed using one-way ANOVA, non-normally

distributed continuous variables using Kruskal-Wallis
test, and categorical variables using v2 test.
Multivariable binary logistic regression was performed
to determine the association between level of education
and uncontrolled asthma (ACT �19), adjusting for
gender, age, BMI, smoking status and study cohort.

Further, we performed a sensitivity analysis by
excluding subjects fulfilling criteria of COPD (post-
bronchodilator FEV1/FVC < 0.7 and �10 pack years
of smoking history). Multivariable binary logistic
regression was performed by using ACT �19 as
dependent variable and education, gender, age, BMI,
smoking status and study cohort as covariates.
Statistical analyses were performed by using IBM
SPSS Statistics software, version 26 (IBM SPSS,
Armonk, NY). A p value <0.05 was regarded statistic-
ally significant.

Results

Basic characteristics of the cohorts

Characteristics of the study population are presented
in Table 1. Information on ACT score was available
for 896 subjects when data from the three specific
cohorts were pooled. The cohorts were similar with
respect to gender and asthma control but some

Figure 1. Flow chart of the included study subjects. OLIN¼Obstructive Lung Disease in Northern Sweden study, SAAS¼ Sein€ajoki
Adult Asthma Study, WSAS¼West Sweden Asthma Study, ACT¼ asthma control test.
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differences were also found: In OLIN, participants
were the oldest and more often obese but less often
current smokers or daily ICS users than the other two
cohorts. In SAAS, a majority of the subjects were non-
atopic in contrast to OLIN or WSAS and were less edu-
cated. In the pooled sample, 61% were females, 11%
were current smokers, 60% used ICS daily, and 56%
were atopic. Uncontrolled asthma (ACT �19) was

reported by 27% of the subjects. In the pooled sample,
35% had primary education, 36% had secondary educa-
tion, and 29% had tertiary level of education.

Educational level and asthma control

Subjects with primary education were older than those
with secondary and tertiary education, while more

Table 1. Basic characteristics of subjects with adult-onset asthma in the specific cohorts and in the pooled sample.
SAAS OLIN WSAS p-value Pooled sample

Subjects 200 511 185 896
Females, n (%) 117 (58.5) 308 (60.3) 118 (63.8) 0.555 543 (60.6)
Age, mean (SD) 58 (13) 61 (12) 53 (13) <0.001 59 (13)
Age, range 28–90 32–92 23–76 23–92
BMI, n (%) 0.006
<25 58 (29.0) 102 (20.0) 57 (30.8) 217 (24.2)
25–29.99 71 (35.5) 211 (41.3) 76 (41.1) 358 (40.0)
�30 71 (35.5) 198 (38.7) 52 (28.1) 321 (35.8)

Smoking status, n (%) 0.010
Nonsmoker 95 (47.5) 248 (48.5) 96 (52.5) 439 (49.1)
Ex-smoker 76 (38.0) 219 (42.9) 58 (31.7) 353 (39.5)
Current smoker 29 (14.5) 44 (8.6) 29 (15.8) 102 (11.4)

Uncontrolled asthma (ACT� 19) 56 (28.0) 136 (26.6) 51 (27.6) 0.922 243 (27.1)
Prebronchodilator FEV1 (% predicted)a 85 (18) 86 (17) 93 (16) <0.001 87 (17)
Daily ICS user, n (%) 155 (77.5) 239 (46.8) 146 (78.9) <0.001 540 (60.3)
Atopic, n (%)b 67 (33.5) 139 (62.9) 93 (68.9) <0.001 299 (55.8)
Postbronchodilator FEV1/FVC < 0.7 and �10 pack years, n (%) 34 (17.2) 78 (15.6) 19 (10.3) 0.127 131 (14.8)
Education, n (%) <0.001

Tertiary 30 (14.8) 149 (29.2) 79 (42.7) 258 (28.8)
Secondary 95 (47.5) 168 (32.9) 62 (33.5) 325 (36.3)
Primary 75 (37.5) 194 (38.0) 44 (23.8) 313 (34.9)

aAvailable from n¼ 884.
bAvailable from n¼ 536.
ICS¼ inhaled corticosteroid, ACT¼ asthma control test, SAAS¼ Sein€ajoki Adult Asthma Study, OLIN¼Obstructive Lung Disease in Northern Sweden
Study, WSAS¼West Sweden Asthma Study, FEV1 ¼ forced expiratory volume in one second.

Table 2. Basic characteristics according to educational level in the pooled sample based on the three specific cohorts (n¼ 896).
Tertiary Secondary Primary p-value

Subjects 258 325 313
Age, mean (SD) 54 (13) 55 (12) 67 (10) <0.001
Females, n (%) 179 (69.4) 192 (59.1) 172 (55.0) 0.002
BMI, n (%)
<25 77 (29.8) 78 (24.0) 62 (19.8) 0.031
25–29.99 105 (40.7) 128 (39.4) 125 (39.9)
�30 76 (29.5) 119 (36.6) 126 (40.3)

Smoking status, n (%)b

Nonsmoker 165 (64.0) 141 (43.5) 133 (42.6) <0.001
Ex-smoker 76 (29.5) 136 (42.0) 141 (45.2)
Current smoker 17 (6.6) 47 (14.5) 38 (12.2)

Daily ICS use, n (%) 149 (57.8) 196 (60.3) 195 (62.3) 0.543
Postbronchodilator FEV1/FVC< 0.7 and �10 pack years, n (%) 20 (7.8) 40 (12.5) 71 (23.2) <0.001
Prebronchodilator FEV1 (% predicted)c 91 (16) 87 (16) 84 (19) <0.001
ACT, range 7–25 8–25 7–25
ACT, median (IQR)b 22 (20–24) 22 (20–25) 21 (18–23) <0.001
SAAS 23 (21–25) 22 (20–24) 21 (17–23) 0.001
OLIN 22 (19–24) 23 (20–25) 21 (18–24) 0.006
WSAS 22 (20–24) 22 (19–25) 20 (16–22) <0.001

Uncontrolled (ACT � 19), n (%) 60 (23.3) 74 (22.8) 109 (34.8) 0.001
SAAS 4 (13.3) 23 (24.2) 29 (38.7) 0.017
OLIN 41 (27.5) 35 (20.8) 60 (30.9) 0.091
WSAS 15 (19.0) 16 (25.8) 20 (45.5) 0.007

Atopic, n (%)a 108 (62.1) 147 (60.0) 44 (37.6) <0.001
aAvailable from 536 subjects (60%).
bAvailable from 894 subjects (99.8%).
cAvailable from 884 subjects (98.7%).
ICS¼ inhaled corticosteroid, ACT¼ asthma control test, SAAS¼ Sein€ajoki Adult Asthma Study, OLIN¼Obstructive Lung Disease in Northern Sweden
Study, WSAS¼West Sweden Asthma Study, IQR¼ interquartile range, FEV1 ¼ forced expiratory volume in one second.
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females than males had tertiary education. The group
with tertiary education were less likely to be current
smokers than those with secondary and primary edu-
cation. In each of the three cohorts, and in the pooled
sample, the median ACT score was lower among
those with primary education only, as compared with
those with secondary and tertiary education (Table 2,
supplementary material Figure e1). The proportion
with uncontrolled asthma was associated with the
level of education in the SAAS and WSAS cohorts
and in the pooled sample, while statistical significance
was not reached in the OLIN cohort (Table 2). In
addition, FEV1 (% predicted) showed a gradual
decrease with decreasing level of education (Table 2).

Among those with daily ICS use, the proportion
with uncontrolled asthma increased with decreasing
educational level (p¼ 0.001) (supplementary material

eTable 1, Figure 2). Also, ACT score was lower in
those with primary education than in those with sec-
ondary and tertiary education, in the specific cohorts
and in the pooled sample (supplementary material
eTable 1, Figure 2). Furthermore, FEV1 was lowest in
subjects with primary education among daily ICS
users (supplementary material eTable 1).

Adjusted analysis

Among daily ICS users, those with primary level of
education had a higher risk of uncontrolled asthma
compared to those with tertiary education (Table 3,
Figure 3). Adjusted analyses in each cohort separately
are shown in supplementary material eTable 2. In
subjects not using daily ICS, lower educational level
was not associated with uncontrolled asthma (supple-
mentary material eTable 3). In analysis stratified by
atopy, the association between educational level and
uncontrolled asthma was only present in non-atopic

Figure 2. ACT score and uncontrolled asthma according to level of education (A and C) and total years of education attained (B)
among subjects with daily ICS use in the pooled sample. In A and B, medians, 25–75 percentiles and 5–95 percentiles, are shown.
In (C), �p< 0.05 vs. tertiary level of education, #p< 0.05 vs. secondary level of education.

Table 3. Associations between educational level and uncon-
trolled asthma (ACT � 19) in the pooled sample and in sub-
groups of the sample.

Crude OR (95% CI) Adjusted ORa (95% CI)

ICS users, n¼ 538
Tertiary education 1 1
Secondary education 1.26 (0.77–2.04) 1.18 (0.71–1.96)
Primary education 2.33 (1.45–3.72) 1.92 (1.15–3.20)

Atopic n¼ 298
Tertiary education 1 1
Secondary education 0.72 (0.38–1.34) 0.65 (0.33–1.26)
Primary education 1.47 (0.67–3.24) 1.01 (0.42–2.42)

Non-atopic n¼ 237
Tertiary education 1 1
Secondary education 1.72 (0.76–3.90) 2.05 (0.82–5.11)
Primary education 3.10 (1.36–7.08) 3.42 (1.30–8.96)

All subjects n¼ 894
Tertiary education 1 1
Secondary education 0.97 (0.66–1.43) 0.92 (0.61–1.40)
Primary education 1.76 (1.22–2.56) 1.33 (0.89–2.01)

Assessed by univariable and multivariable logistic regression with results
presented as odds ratios (OR) with 95% CI. Odds ratios with p< 0.05
are shown in bold.

aAdjusted for age (cut-point 60 years), sex, smoking status, BMI and
study cohort.

Figure 3. Association between primary education and uncon-
trolled asthma (ACT � 19) in the pooled sample and in sub-
groups of the sample. Adjusted for age (cut-point 60 years),
sex, smoking status, BMI category and study cohort. Data on
atopy was available in n¼ 536 subjects.
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subjects, regardless of ICS use (Table 3, Figure 3). In
the univariable analysis in the pooled study sample,
those with primary education were at an increased
risk of uncontrolled asthma compared to those with
tertiary education, but this became statistically non-
significant in the multivariable analysis (Table 3).

After excluding subjects fulfilling criteria of COPD,
uncontrolled asthma was still more common in those
with primary education (33.2%) compared to those
with secondary (20.3%) or tertiary education (21.9%)
(p¼ 0.002) in all subjects and ICS users (41.3%,
24.6%, 22.6%, respectively) (p¼ 0.001). In ICS users,
this resulted in OR of 2.24 (95% CI 1.26–3.97) adjust-
ing for the covariates (supplementary material eTable
4). Also FEV1 (% predicted) was lowest in subjects
with primary education after excluding patients with
co-existing COPD (tertiary mean 92 (SD 14), second-
ary 89 (SD 15), primary 88 (SD 17), p¼ 0.013).

Discussion

In this multicenter study comprising data from three
cohorts in Sweden and Finland of subjects with adult-
onset asthma, we found that asthma patients who
attained primary level of education only, were at an
increased risk of uncontrolled asthma compared to
those with tertiary education, particularly among those
with daily ICS medication and among non-atopic sub-
jects. The observation was made separately in each of
the three study settings and when data from the three
study settings were pooled together. Our findings are
in line with observations made in children, where
lower parental educational level, compared to higher
level, was a risk factor for uncontrolled asthma in the
child (13).

In our analysis of the group of daily ICS users, low
level of education seemed to be associated with
uncontrolled asthma per se. This finding could mean
that educational level is more important for asthma
control in subjects with persistent or more severe
asthma than in those with milder or intermittent
asthma. An additional possibility is that those with
ICS constitute a homogenous group of asthma
patients. Our finding is in line with a US population-
based study (14), where lower educational level (below
college) was associated with ACT �19 in treated adult
patients with moderate-to-severe asthma, defined by
use of �2 controller medications. Further, both low
education and low income were independent determi-
nants of uncontrolled asthma, but the study lacked
information on age of asthma onset, BMI and former
smoking, hence these factors were not adjusted for in

that study. In another study (15), adults with lower
educational level were more likely to have uncon-
trolled asthma, while Schatz et al. reported an inde-
pendent relationship between lower ACT scores and
low income (10). As use of daily medication is expen-
sive and association has been suggested between edu-
cational level, income and adherence (22,23), it could
be speculated that those with primary education have
lower income and consequently poorer adherence,
leading to uncontrolled asthma. Even though we can
not rule out this possibility, it should be emphasized
that the subjects were asked what medication they
were taking and not what was prescribed. Therefore,
it is likely that at least non-adherence is not explain-
ing our findings. Futhermore, in a Danish study edu-
cational level was more strongly related to ICS use
than income level (22).

In Finland and Sweden, the typical length of pri-
mary plus secondary education is 12 years, and there-
fore >12 years defines higher education. Over 12 years
of education approximates to tertiary level of educa-
tion. Previously, it has been shown that higher paren-
tal education, defined as >12 years of education, was
associated with better asthma control in children (13).
In our study Figure 2(B,C) demonstrate that results
were significant when education data for the subjects
were dichotomized >12 years vs. <12 years, as well as
when stratified as tertiary, secondary and pri-
mary education.

Sedentary lifestyle factors, such as obesity and
smoking (6,7,24), are risk factors for adult-onset
asthma and might overall play an important role espe-
cially in non-atopic adult-onset asthma. However, in a
carefully designed study, obesity was a risk factor for
adult-onset asthma both among atopic and non-atopic
subjects (6). Many other life-style factors, including
diet, are also associated with asthma control (25,26)
and able to affect airway inflammation (27). In a
randomized controlled trial, high-antioxidant diet (5
servings of vegetables and 2 servings of fruit daily)
reduced the risk of asthma exacerbation compared to
low-antioxidant diet (2 servings of vegetables and 1
serving of fruit daily) (28). Furthermore, raw vegetable
intake has been associated with good asthma control
(29). These life-style factors could be better managed
by well-educated persons. For example, higher educa-
tion has been associated with eating more fruits and
vegetables (30). Furthermore, it has been shown that
among men, those with higher education are more
aware of and adhere to recommendations regarding
physical activity (31) than those with lower education.
Our findings could also be affected by chronic co-
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morbidities that are related to both poorer lifestyle
and lower education. In a study conducted in eight
European countries in the general population, those
with lower education had higher risk of many chronic
diseases, including stroke, diabetes, hypertension and
depression (32,33), whereas allergy was more common
in those with higher education (32). An interesting
and previously unreported finding was the association
between lower education and uncontrolled asthma in
non-atopic, but not atopic, subjects with adult-onset
asthma. Adult-onset asthma is often non-atopic and
less responsive to treatment compared to childhood-
onset asthma, which often has an atopic component.
Our findings of the association between education and
asthma control, differing between atopic and non-
atopic asthma, is hypothetical and therefore would
require further studies to confirm or refute these find-
ings. A limitation of the reliability of our finding, is
that we did not have information on atopy from all
subjects, being, however, available in majority (60%)
of the subjects.

Level of education, as well as tobacco smoking are
often used as proxies for socioeconomic status in
some countries, including Sweden and Finland
(34,35). However, in our study smoking did not influ-
ence the studied associations between educational level
and asthma control among daily ICS users as the
result remained largely similar after adjusting for
smoking. Similarly, lower education is a risk factor for
COPD (36), but after excluding subjects with possible
co-existing COPD, uncontrolled asthma was still more
common in those with primary education than in
those with higher educational level. As there is no
universally accepted definition to specify COPD
among patients with asthma, we used post-broncho-
dilator FEV1/FVC <0.7 and �10 pack years for defin-
ing COPD. Significant history of smoking was used in
our criteria since smoking is the most common reason
for COPD in western countries. All subjects fulfilling
these criteria were over 40 years of age in our study.
Moreover, this definition has been used by many pre-
vious studies (37–39).

According to our data, education appears to be an
independent factor and not only a marker of socio-
economic status. It is possible that a well educated
person can handle his or her asthma medication bet-
ter, and therefore tend to achieve better asthma con-
trol than a person with low educational level. On the
other hand, it is possible that persons with lower edu-
cation tend to have a work situation that makes
achievement of good asthma control more difficult
than is the case with well-educated persons.

Unfortunately, from the current analysis we cannot
conclusively decide which of these aspects of educa-
tional level is of greatest importance for the associ-
ation seen with asthma control. Educational level is
not a factor easy to modify. Overall, our study sug-
gests that educational level should be considered in
the management of asthma and patient education is
an important part in the treatment. Therefore, more
attention should be given to patients with asthma and
primary level of education regarding adherence to
treatment and adherence to life style-related recom-
mendations, smoking cessation, eating habits and
increased physical activity, to improve outcome
of asthma.

Strengths and limitations

A strength of our study is that it is based on data
from three geographical regions in two countries, each
cohort constituting a representative sample of its
source population, which increases the generalizability
of the findings to the general population. The asthma
cohorts were well-characterized, the clinical examina-
tions were performed by well-trained staff, and the
definitions employed in the study are in line with
standardized definitions in asthma research.

A limitation is that the design of the Swedish and
Finnish cohorts differed in some aspects. The two
Swedish cohorts were originally based on postal sur-
veys to randomly selected samples of the general
population, then accompanied by clinical examina-
tions. For instance, the OLIN asthma cohort was
based on follow-ups of several previously clinically
examined cohorts within the OLIN studies (17). The
WSAS asthma cohort was also initially based on a
postal survey to the general population (18), while the
Finnish SAAS was originally designed in order to
identify individuals with adult-onset asthma (16).
However, all cohorts are reflecting the general popula-
tion and the inclusion criteria to the current study
were very similar in the countries; importantly, only
those with adult-onset asthma were finally included in
the study sample. In addition, even though SAAS was
not a population-based study, the subjects were
recruited from secondary health care in a consecutive
manner without exclusion criteria other than child-
hood-onset asthma. A large proportion of all diagno-
ses of asthma were confirmed by respiratory
specialists at hospital or private healthcare (at least
consultation) at that time and in the main year of
recruitment SAAS study population represented >38%
of novel diagnosis of asthma made to adults in the
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whole geographical area (40). These issues made the
three cohorts comparable in the definition of adult-
onset asthma and in population representativeness. It
could be argued that since the Swedish cohorts were
population-based, they might include milder cases
than the cohort from Finland, which was recruited
from a secondary care setting. However, despite this
potential methodological difference, the observed
effect was seen in each of the three study cohorts.

Our study outcome, ACT, is based on symptoms,
limitation of activities and need of rescue medication
during the past month. However, it should be noted
that not all aspects of asthma control are covered by
ACT. Lung function and exacerbations are also
important components of asthma control.
Interestingly, in our study lung function was gradually
lower with lower level of education supporting our
finding on the relationship between education and
asthma control. Furthermore, we did not have data on
income or occupation, thus it was not possible to
evaluate the associations between income levels or
occupation and uncontrolled asthma.

Conclusions

In subjects with adult-onset asthma, low level of edu-
cation was associated with an increased risk of uncon-
trolled asthma, particularly in non-atopic subjects and
among those with daily use of ICS. Thus, the educa-
tional level of the patient should be considered in
the management.
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