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Socio-economic status is related to
incidence of asthma and respiratory
symptoms in adults

U. Hedlund*#, K. Eriksson” and E. Ronmark*'

ABSTRACT: The aim of the present study was to assess the association between socio-economic
status and impaired respiratory health in a 10-yr follow-up of a population-based postal survey in
Northern Sweden.

Multiple logistic regression was used to estimate odds ratios in relation to socio-economic
class, using age, sex, a family history of asthma, smoking habits, and occupational exposures to
dust, gases and fumes as possible confounders.

The study comprised 2,341 males and 2,413 females. Cumulative incidences were generally
lowest in professionals, including executives and civil servants at intermediate and higher levels,
who were chosen as reference group. Manual workers in industry showed a significantly
increased risk of developing asthma, recurrent wheeze, attacks of shortness of breath or a
combination of the two, and chronic productive cough. Manual workers in service showed a
similar pattern for attacks of shortness of breath, recurrent wheeze, or a combination of the two,

and chronic productive cough. The corresponding population attributable risks were ~10%.
Low socio-economic status was a risk factor for the development of asthma, symptoms
common in asthma and chronic productive cough.
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ost disease, and poor health in general,
M is associated with low socio-economic

status, particularly in Scandinavian
countries [1]. In contrast, asthma has been
recognised as a disease common in middle and
upper socio-economic classes (SECs). This has
recently been questioned [2]. Diverging results
for the relation of asthma to socio-economic
status have been published, some demonstrating
more asthma with high socio-economic status [3,
4], and others showing the opposite [5, 6], or no
preference regarding socio-economic status [7, 8].
Most of these studies have examined children
and adolescents, typically using a cross-sectional
design. Only one single-cohort study based on a
general population sample of adults has evalu-
ated the relationship between socio-economic
status and asthma [9]. EAGAN et al. [9] found that
incidence of asthma and symptoms common in
asthma are strongly related to low educational
level. Another large-scale study of adolescents
and young adults in four cities in the USA also
found that low educational level is associated
with increased incidence of asthma [10].

Socio-economic status may be used in order to
stratify subjects in society. In epidemiological

EUROPEAN RESPIRATORY JOURNAL

studies, classification of socio-economic status
usually includes income, occupation and occupa-
tional status, and educational level, or a combi-
nation of these [9, 11].

The Obstructive Lung Disease in Northern
Sweden Studies include longitudinal studies of
several cohorts. The first cohort was recruited in
1985-1986 [12], and a follow-up study was
performed in 1996 [13, 14]. The aim of the present
study was to assess the relationship between
socio-economic status and incidence of asthma
and respiratory symptoms. Adjustments were
made for possible confounders, including occu-
pations in which exposure to dust, gases or fumes
are common.

MATERIAL AND METHODS

The first postal questionnaire survey was per-
formed during the period December 1985-March
1986 [12], and the follow-up study was per-
formed 10 yrs later, during the winter of 1996 [13,
14]. The studies were approved by the ethics
committee of Umed University (Umed, Sweden).

Study population

The first survey included all of the 6,610 people
born during 1919-1920, 1934-1935 and 1949-1950
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and living in eight representative areas of the northernmost
province of Sweden, Norrbotten, which covers a quarter of the
total area of Sweden. The participation rate was 86% [12].

During the 10-yr follow-up period, the mortality rate was high
among the elderly. In the oldest age group, 30% of males and
16% of females had died. In total, 574 subjects within the cohort
had died, 99 had moved abroad and four could not be traced.
The study population thus comprised 5,933 subjects in 1996.
During the performance of the present study, an additional 13
individuals died, 26 suffered from severe medical conditions
and two moved abroad. In 1996, completed questionnaires
were received from 5,189 of the 5,892 (88%) remaining subjects,
or 83% (4,754) of the subjects who participated in the first
survey in 1986.

Methods

The same questionnaire was used in the two surveys. The
questionnaire was developed from a revised version [15] of the
UK Medical Research Council questionnaire [16], and has been
used in other Swedish and international studies [17]. The
questions about respiratory symptoms and diseases included
the following: recurrent wheeze, attacks of shortness of breath,
long-standing cough, sputum production, chronic productive
cough, asthma, allergic rhinitis, chronic bronchitis or emphy-
sema, and use of asthma medicines. In addition, the
questionnaire included questions about smoking habits,
occupation and family history of obstructive airway diseases.
Following the surveys in 1986 and 1996, the asthma diagnosis
reported in the questionnaire (physician-diagnosed asthma)
has been clinically validated using a structured interview and
methacholine test [14, 18], to which 90% of the methacholine-
tested incident cases of physician-diagnosed asthma reacted [14].

Socio-economic classification

The socio-economic classification system that was used has
been developed by Statistics Sweden [19], and is based on
occupation, divided into categories as follows: 1) manual
workers in industry: occupations involving production of
goods and normally requiring <2 yrs of post-comprehensive
school education; 2) manual workers in service: occupations
involving service production and normally requiring <2 yrs
of post-comprehensive school education; 3) assistant non-
manual employees: non-manual occupations normally requir-
ing <2yrs of post-comprehensive school education; 4)
professionals, including executives and civil servants at high
and intermediate level: occupations requiring >3 yrs of
university or college education; 5) housewives or their male
equivalents: subjects who work in their own households with
no other indicator of SEC; 6) self-employed: the non-profes-
sional self-employed, including small- and large-scale entre-
preneurs and farmers; and 7) unclear: subjects with unclear or
no information according to the above groups. Subjects who
were retired were classified by their last occupational title.

Other definitions

Asthma was classified according to the question “Have you
been diagnosed as having asthma by a doctor?”” (physician-
diagnosed asthma). The question about use of asthma
medicines was as follows: “Do you currently use asthma
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medicines (permanently or as needed)?”, and is described in
the text as ““asthma medicines”.

Wheezing was classified according to the question “Do you
usually have wheezing, whistling, or a noisy sound in your
chest when breathing?”’ (i.e. recurrent wheeze).

Attacks of shortness of breath were classified according to the
question: “Do you now have or have you had asthma
symptoms during the last 10 yrs (intermittent breathlessness
or attacks of shortness of breath; the symptoms may exist
simultaneously with or without cough or wheezing)?”

Asthmatic symptom complex was classified on the basis of the
combination of positive answers regarding both attacks of
shortness of breath and wheezing [20].

Sputum production was classified according to the question
“Do you usually have phlegm when coughing, or do you have
phlegm on your chest, which is difficult to bring up?”

Chronic productive cough was classified according to the
question “Do you bring up phlegm when coughing on most
days during periods of at least 3 months during at least 2
successive years?”’

Subjects who currently smoked or had stopped smoking
within 12 months prior to the study were classified as smokers,
whereas those who had stopped smoking >12 months before
the onset of the study were classified as ex-smokers. Smoking
habits were divided into seven smoking categories describing
the changes in smoking habits during the follow-up period.
The subjects were further classified into those with or without
an occupation, in 1986 and 1996, respectively, in which
exposure to dust, gases or fumes were common. This
classification was based on the Nordic Classification on
Occupation [21].

Analyses

The cumulative incidence was defined as the proportion of
subjects without the studied condition at the start of the follow-
up period who developed this condition during the period
under study. The calculations were based on the two surveys,
expressing a 10-yr cumulative incidence. The population
attributable risk was calculated as p(ORgyp—1)/ORg,p, Where
ORg, is the odds ratio in the exposed group (i.e. SEC) and p
the fraction of exposed subjects among cases [22].

The Chi-squared test was used for bivariate calculations. The
5% level was considered significant. The incidence of asthma
and symptoms were calculated by 1986 SEC among those who
remained within the same SEC during the follow-up period
and among those who changed SEC during the study,
respectively.

Determinants for incident cases of asthma and symptoms were
calculated by multiple logistic regression analysis, and the
risks were expressed as odds ratios (ORs) with 95% confidence
intervals (CIs). These analyses were also based on 1986 SEC
and performed separately among those who remained within
the same SEC throughout the study and among those who
changed SEC, respectively. Since no significant differences
between SECs were found among those who had changed SEC
during the observation period, the results regarding incidence
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and risks are given by 1986 SEC. The additional independent
variables other than SEC used in the model were age, sex,
family history of asthma, smoking habits, and occupations in
which exposure to dust, gases, or fumes are common. Paired
interactions between different SECs and the other independent
variables were examined using p<0.01 as the level of
significance in order not to increase the o error.

RESULTS

Demography

Manual workers represented the largest socio-economic group
among both males (50%) and females (39%), whereas profes-
sionals comprised 23% of males and 17% of females. The
majority of the cohort (66%) remained within the same SEC
throughout the study (table 1).

The great majority among both males (80%) and females (84%)
had stable smoking habits throughout the 10-yr follow-up
period. Smoking habits and change in smoking habits were
unequally distributed among the SECs (table 2). Persistent
smokers were most common among manual workers and
assistant non-manual employees, and least common among
professionals. Never smoking was most common among
housewives.

Prevalence and cumulative incidence

The prevalence of all of the studied variables increased
significantly between 1986 and 1996 (fig. 1). The 10-yr
cumulative incidence of asthma was 6.2%, chronic productive
cough 6.9%, asthma medicines 9.2%, and symptoms used in
the analyses 10-12% (table 3). The incidence of asthma, asthma
medicines, wheezing and attacks of shortness of breath were
all significantly higher among females, and, by SEC, the
incidence was highest among groups dominated by females.
Of the incident cases of asthma, 96% reported attacks of
shortness of breath, 72% wheeze, 28% chronic productive
cough and 91% use of asthma medicines.

Socio-economic group
The SEC professionals showed the lowest incidence of asthma
and most symptoms, and were therefore used as the reference
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group when calculating risks. Manual workers in industry
exhibited an increased risk of developing asthma (OR 1.7; 95%
CI 1.0-2.7). This increased risk was supported by increased
risks of symptoms common in asthma: wheezing (OR 1.7; 95%
CI 1.1-2.6), attacks of shortness of breath (OR 1.7 (95% CI 1.2—
2.4), and a combination of the two, the asthmatic symptom
complex (OR 1.9; 95% CI 1.2-3.1). Further, manual work in
industry was also associated with incident chronic productive
cough (OR 1.7; 95% CI 1.1-2.7) (table 3).

Manual workers in service showed a significantly increased
risk of developing wheeze, attacks of shortness of breath, the
asthmatic symptom complex, chronic productive cough and
use of asthma medicines, with odds ratios ranging 1.4-1.8
(table 3).

The SECs assistant non-manual employees and housewives
were not significantly associated with the development of any
symptom or condition, and the SEC self-employed non-
professionals were significantly associated only with incident
attacks of shortness of breath.

Significant interaction was found between SEC and age for
sputum production (p=0.001). In the elderly, increased risks
were found for manual workers in industry (OR 2.6; 95% CI
1.4-5.0), manual workers in service (OR 2.1; 95% CI 1.2-3.9),
assistant non-manual employees (OR 3.5; 95% CI 1.6-7.2) and
professionals (OR 2.3; 95% CI 1.1-4.9).

Corresponding analyses were also performed including only
persistent nonsmokers and excluding the oldest age group.
The results were consistent with those of the analyses above,
although, due to smaller numbers in the group, the power in
the statistical analysis was affected.

Corresponding analyses were performed based on prevalent
cases in 1986. In contrast, manual workers in industry were not
associated with an increased risk of asthma or respiratory
symptoms, whereas manual workers in service were asso-
ciated with increased risks of attacks of shortness of breath (OR
1.6; 95% CI 1.1-2.2) and wheezing (OR 1.4; 95% CI 1.0-1.9).
Assistant non-manual employees showed an increased risk of
developing asthma (OR 1.6; 95% CI 1.1-2.5) (table 4).

1y:\:JH=R W Socio-economic class (SEC) by sex and age in 1986 study population

Males Females Age yrs Same SEC in 1996
%
Males Females

Manual workers in industry 885 (38, 92) 0 (3.3, 8.3) 48+ 11 50+ 11 79
Manual workers in service 228 (12, 25) 856 (36 75) 47412 49+ 11 81
Assistant non-manual employees 314 (13, 42) 437 (18, 58) 49+ 11 45+9.0 61
Professionals 538 (28, 55) 447 (19, 45) 46+10 44495 83
Housewives 3 (0.10, 1.5) 191 (79 99) # 54413 37
Self-employed 118 (5.0, 59) 1 (3.4, 41) 50+12 47412 39
Unclear 195 (8.3, 38) 321 (13, 62) 60411 62410 8.9
Total 2341 (100, 49) 2413 (100, 51) 48+12 49412 66
Data are presented as n (percentage of same sex, percentage of subjects in this SEC) or mean +sb, unless otherwise indicated. *: No calculations performed for cells
with <5 subjects. }
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ay-\:{BF B Smoking habits 19861996 by 1986 socio-economic class

Smoking habits 1986-1996 % Unchanged
smoking habits

Persistent Persistent Persistent Starters  Re-starters  Quitters  Unclear 1986-1996
nonsmokers ex-smokers smokers %
Manual workers in industry 32 29 21 0.4 1.9 14 1.2 82
Manual workers in service 42 22 22 0.5 1.7 " 20 86
Assistant non-manual employees 39 25 22 0.4 20 13 0.5 86
Professionals 40 29 17 0.6 1.6 11 11 86
Housewives 53 16 18 0 15 8.2 4.6 87
Self-employed 41 26 19 1.5 0 11 1.5 86
Unknown 50 21 11 0.4 0.6 7.6 98 82
Total 40 25 19 0.5 1.6 11 2.4 84

Population attributable risk

The population attributable risk of manual workers in industry
for the incidence of asthma, attacks of shortness of breath,
wheezing, asthmatic symptom complex and chronic produc-
tive cough ranged 8.9-11. With the exception of asthma, this
was also found for manual workers in service, ranging 7.6-12
(table 5).

Other risk factors

The major risk factor for incident asthma was a family history
of asthma (OR 3.9; 95% CI 3.0-5.0). Also, female sex (OR 1.5;
95% CI 1.1-2.1) and being persistent ex-smokers (OR 2.0; 95%
CI 1.5-2.8) and quitters (OR 2.0; 95% CI 1.4-3.0) were
associated with incident asthma (table 6).

A family history of asthma was significantly associated with
the incidence of all analysed symptoms and incident users of
asthma medicines, yielding ORs ranging 1.6-2.9. Female sex
was also significantly associated with incident users of asthma
medicines and attacks of shortness of breath. Persistent
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FIGURE 1. Prevalence of asthma, respiratory symptoms and asthma
medicines in 1986 () and 1996 (). SOB: shortness of breath; ASC: asthmatic
symptom complex; CPC: chronic productive cough. p<0.001 for all variables.
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smokers, persistent ex-smokers and quitters were all signifi-
cantly associated with incident users of asthma medicines,
attacks of shortness of breath, recurrent wheeze, the asthmatic
symptom complex and chronic productive cough. Age was a
significant risk factor for incidence of chronic productive
cough but not for asthma or other symptoms (table 6).

DISCUSSION

After correction for age, sex, family history of asthma, smoking
habits and occupational exposure to dust, gases or fumes, the
risk of developing asthma was increased among manual
workers in industry. The risk of developing wheeze was
increased among manual workers in industry and also among
manual workers in service. The incidence of asthma was
lowest in the socio-economic group consisting of professionals.
This was also true for attacks of shortness of breath and
wheezing, symptoms common in asthma. This is interesting, as
asthma has often been regarded as a disease most common in
the middle and upper classes [2]. The present results are in
accordance with a recently published study from Norway,
which found low educational level to be strongly associated
with asthma and respiratory symptoms [9].

The contribution of manual workers in industry and service in
terms of population attributable risks for incident chronic
productive cough, asthma and symptoms common in asthma
was 7-12%.

Previous cross-sectional studies examining the relation of
asthma and airway disorders to socio-economic status have
not been able to present a consistent pattern. The divergent
findings may be a result of differences in study design, varying
definitions of socio-economic status, the age distributions of
the studied samples, differences in exposures, occupational
and otherwise, and geographical aspects. Generally, studies in
Nordic countries have found more symptoms or asthma [5, 23],
lower lung function [24] or a greater prevalence of chronic
obstructive pulmonary disease [25, 26] in lower SECs. The
present results confirm those of previously performed cohort
studies, one of Nordic adults [9] and the other of US
adolescents [10]. The present study exemplifies the limitation
with a cross-sectional study when examining risks. It showed
that manual work in industry was related to the development
of asthma and symptoms. However, this could not be shown in
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/.18 S Population attributable risks for manual workers in industry and service by 1986 socio-economic class

Attacks of SOB Wheezing Asthmatic symptom complex Asthma Asthma medicines Chronic productive cough
Industry 8.9 (3.6-13) 9.0 (2.0-13) 11 (3.9-16) 8.8 (0-14) 6.5 (-0.20-11)% 10 (2.2-16)
Service 7.6 (0-13) 12 (6.3-17) 11 (2.4-17) 6.1 (-5.1-13) 8.3 (0-15) 8.7 (0-15)

Data are presented as % (95% confidence interval). SOB: shortness of breath. #: p=0.055 for corresponding odds ratio.

the cross-sectional setting, probably due to a healthy worker
effect, i.e. subjects with asthma may not choose a job in
industry and, furthermore, would probably move from work
in industry if they develop asthma.

Some of the strengths of the present study design are the
longitudinal data collection, large sample size, high participa-
tion rate and a 10-yr observation period. Thus sufficient power
has been obtained such that the bias caused by non-response
can be considered to be limited. The effects of non-
response have previously been studied. Non-response was
associated with low socio-economic status, and the non-
responders had a somewhat higher prevalence of respiratory
symptoms [27]. Thus it can be considered that bias caused by
non-response may have decreased the influence of manual
workers on the incidence of asthma and symptoms.

The overall incidence of asthma was relatively high in the
present study. In a previous report on asthma incidence, an
attempt was made to evaluate to what extent the incidence of
physician-diagnosed asthma reflects its true incidence and
what represents increased awareness of asthma and increased

ay: 1B Risk factors for respiratory symptoms and asthma

diagnostic activity, although, after several corrections, the
annual incidence of asthma was still 2-3 per thousand
population [14].

Some studies have used educational level as the indicator of
socio-economic status [9]. The present study used a socio-
economic classification system based on occupation [19]. The
classification based on occupation reflects educational level, as
well as income, quite well, whereas there are limits in defining
socio-economic status by educational level alone. A common
length of schooling among the subjects in the oldest age group
(born 1919-1920) was 6-9 yrs. This length corresponds to 9-
12 yrs, the most common in the youngest age group (born
1949-1950). Thus it is believed that the classification system
used in the present study is advantageous. However, with
these categories, housewives could not be classified in different
socio-economic groups, which is why they constituted one
entity in the analyses. The high incidence of asthma and
symptoms among housewives is notable but not unexpected,
since it also could reflect a sex effect, as the majority was
female. Housewives represent a heterogeneous group from a
socio-economic point of view, including, among others,

Attacks of SOB  Wheezing Asthmatic symptom Asthma Asthma Chronic productive
complex medicines cough

Subjects n 477 353 291 271 402 300
Age in 1986 yrs

36-37 1 1 1 1 1 1

51-52 1.4 (0.99-1.9) 1.4 (0.99-2.1) 1.6 (1.1-2.4) 1.3 (0.87-1.9)  0.86 (0.62-1.2) 25 (1.7-3.7)

66-67 0.99 (0.78-1.3) 1.3 (0.99-1.7) 1.2 (0.93-1.7) 1.1 (0.83-1.5) 1.0 (0.79-1.3) 2.1 (1.6-2.8)
Sex

Male 1 1 1 1 1 1

Female 1.3 (1.0-1.6) 095 (0.72-1.2) 1.1 (0.82-1.5) 15 (1.1-2.1) 1.4 (1.1-1.8) 1.0 (0.76-1.4)
Family history of asthma

No 1 1 1 1 1 1

Yes 2.7 (2.2-3.3) 2.3 (1.8-2.9) 2.9 (2.2-3.7) 3.9 (3.0-5.0) 2.6 (2.1-3.3) 1.6 (1.3-2.1)
Smoking habits 1986-1996

Persistent nonsmokers 1 1 1 1 1 1

Persistent ex-smokers 1.4 (1.1-1.9) 1.5 (1.1-2.0) 1.7 (1.2-2.5) 2.0 (1.5-2.8) 1.7 (1.3-2.2) 1.6 (1.2-2.2)

Persistent smokers 1.6 (1.2-2.2) 2.7 (2.0-3.6) 2.4 (1.7-3.5) 1.4 (0.95-2.0) 15 (1.1-2.0) 25 (1.8-3.4)

Starters # # # 1.3 (0.17-10)  0.70 (0.092-5.4) #

Re-starters 1.2 (0.562-2.7) 2.0 (0.87-4.7) 1.9 (0.73-5.1) 0.99 (0.30-3.3)  0.95 (0.37-2.5) 0.80 (0.19-3.3)

Quitters 2.2 (1.6-3.0) 2.2 (1.6-3.2) 2.6 (1.8-3.8) 2.0 (1.4-3.0) 1.7 (1.2-2.3) 1.9 (1.3-2.9)

Data are presented as odds ratio (95% confidence interval), unless otherwise indicated. Multiple logistic regression analyses were performed; other variables included in
the model were socio-economic class and occupational exposure to dust, gases or fumes. SOB: shortness of breath; #: too few cases.
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females living on farms and, mainly, elderly females, probably
belonging to the manual working classes. Furthermore, as in the
Norwegian cohort [20], the incidence of asthma was highest
among females, which, to a great extent, explains this finding.

There are a number of possible confounders, including lifestyle
factors, such as smoking habits, diet, physical activity, body
mass index and occupational exposure, that may be of
importance, and corrections have been made for several of
them. Occupational exposure to dust and fumes may con-
tribute to the increased risk among manual workers [20, 23,
28]. In the study of EAGAN et al. [9], exposure to dust and fumes
was accounted for, and the results showed a slightly decreased
risk associated with educational level. Both current and
previous smoking were important risk factors. This is in line
with a report that reviewed the effect of smoking cessation.
This found that the prevalence of respiratory symptoms
remained higher in ex-smokers for many years compared with
nonsmokers [29]. Passive smoking is associated with asthma
and respiratory symptoms [17, 30], and it is disappointing that
data about passive smoking were not available. However,
smoking was more common among manual workers, which is
why passive smoking was probably also more common in this
group and could contribute to the increased risk of asthma and
respiratory symptoms.

Obesity in Sweden is somewhat unevenly distributed by socio-
economic status, and obesity increases the risk of incident
asthma among adults, both male and female, irrespective of
atopic status [31]. Differences in diet between SECs may also
be relevant. A low intake of fresh fruit, vegetables and fish is
associated with increased respiratory symptoms and lower
lung function [32, 33]. A poor dwelling environment, with
exposure to dampness, mould, mites, gas cooking and nitrogen
dioxide, may be harmful [34, 35]. However, there are no mites
in Northern Sweden [36] and gas cooking hardly exists. Access
to healthcare must be regarded as being more or less evenly
distributed across the different socio-economic groups in
Northern Sweden. Nevertheless, access to healthcare, identifi-
cation of asthma and classification of disease may, to some
extent, have contributed to the results. However, poorer access
to healthcare in lower SECs is hardly a major explanation of the
results; this is supported by the results showing a high
incidence of users of asthma medicines among manual
workers in both industry and service workers.

In conclusion, the present study is one of a very few
longitudinal studies investigating the association between
socio-economic status and asthma and respiratory symptoms.
Low socio-economic status was a risk factor for the develop-
ment of asthma and symptoms common in asthma, as well as
for chronic productive cough, with population attributable
risks of ~10%. There is probably a multifactorial cause for this
relationship. In order to explore these associations, it is
necessary to identify the responsible factors using a long-
itudinal study design.
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