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Abstract
Background: Socio-economic status, smoking, and exposure to increased levels of environmental air
pollution are associated with adverse effects on respiratory health. We assessed the contribution of
occupational exposures, smoking and outdoor air pollution as competing factors for the association
between socio-economic status and respiratory health indicators in a cohort of women from the Ruhr
area aged 55 at the time of investigation between 1985 and 1990.

Methods: Data of 1251 women with spirometry and complete questionnaire information about
respiratory diseases, smoking and potential confounders were used in the analyses. Exposure to large-scale
air pollution was assessed with data from monitoring stations. Exposure to small-scale air pollution was
assessed as traffic-related exposure by distance to the nearest major road. Socio-economic status was
defined by educational level. Multiple regression models were used to estimate the contribution of
occupational exposures, smoking and outdoor air pollution to social differences in respiratory health.

Results: Women with less than 10 years of school education in comparison to more than 10 years of
school education were more often occupationally exposed (16.4% vs. 10.1%), smoked more often (20.3%
vs. 13.9%), and lived more often close to major roads (26.0% vs. 22.9%). Long-term exposure to increased
levels of PM10 was significantly associated with lower school education. Women with low school education
were more likely to suffer from respiratory symptoms and had reduced lung function. In the multivariate
analysis the associations between education and respiratory health attenuated after adjusting for
occupational exposure, smoking and outdoor air pollution. The crude odds ratio for the association
between the lung function indicator FEV1 less than 80% of predicted value and educational level (<10 years
vs. >10 years of school education) was 1.83 (95% CI: 1.22–2.74). This changed to 1.56 (95% CI: 1.03–2.37)
after adjusting for occupational exposure, smoking and outdoor air pollution.

Conclusion: We found an association between socio-economic status and respiratory health. This can
partly be explained by living conditions indicated by occupational exposure, smoking behaviour and
ambient air pollution. A relevant part of the social differences in respiratory health, however, remained
unexplained.
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Background
Socio-economic status (SES) and exposure to increased
levels of environmental air pollution are key issues in the
discussion about social differences and health. Both have
been linked to adverse health effects in recent years [1-3].
Socio-economic status is a determinant of health and is
well known to play an important role in the development
of several diseases, respiratory diseases among them [4-6].
There have been a number of studies regarding SES that
have focused on respiratory symptoms and lung function
decline [4,7,8]. At the same time, long-term exposure to
air pollution has also been connected with a broad range
of health effects, including respiratory impairments and
lung diseases [9-12]. Because SES is considered as one of
many important determinants of health, it has been
included as a potential confounder or effect modifier in
most epidemiological studies about adverse health effects
of increased levels of air pollution [3,13,14]. Some recent
studies have shown support for effect modification, with
SES and air pollution-associated respiratory death
[2,15,16].

In addition to environmental air pollution, possible SES-
related risk factors for respiratory impairment are smok-
ing, occupational exposure, malnutrition, low birth
weight or multiple lung infections. These risk factors can
be strongly influenced by SES: the level of education influ-
ences the type of occupation and income, which in turn
influences the home living conditions [6]. The considera-
tion of socio-economic factors is currently gaining greater
interest in studies on environmental health, as social dif-
ferences in environmental exposure may help to partly
explain the observed differences in health [17]. SES may
also modify the effect of environmental exposures by
changing the susceptibility characteristics [18,19].

The aim of our analysis was to investigate the association
between SES and respiratory impairment and whether or
not this association could be ascribed to smoking or air
pollution exposure that are associated with SES levels
themselves. The present analysis was performed in order
to determine the contribution of smoking and air pollu-
tion as explanatory factors for the relationship between
SES and the development of respiratory symptoms. SES
was taken as a function of the educational level, as educa-
tion is the main determinant for occupational develop-
ment and income in Germany. According to our
knowledge this is the first study that analyses data of a
German cohort of women with a focus on environmental
differences and respiratory health.

Methods
Study population
We used data of a large cohort with detailed information
regarding respiratory health, SES, and other risk factors.

Details of that cohort study have been described previ-
ously [9,20]. Briefly, the baseline investigation of the
SALIA (Study on the influence of Air pollution on Lung
function, Inflammation and Aging) study group has been
carried out between 1985 and 1994. These cross-sectional
studies were part of the Environmental Health Surveys of
the government of North-Rhine Westphalia, Germany, to
obtain information regarding the effect of air pollution on
respiratory health and allergies in women from the highly
industrialized Ruhr district and two rural reference towns.
These areas were chosen to represent a variety of environ-
mental and socio-economic conditions. All women from
predefined areas were asked to participate in the study.
The study population comprised 4874 women aged 54–
55 years at the time of baseline investigation and of Ger-
man nationality. All participants gave informed consent
for the interview, the health examination and the blood
analysis. The response rate was stable throughout the con-
secutive cross-sections and was between 66% and 74%.
Due to capacity reasons, only a subgroup, was invited to
have their lung function measured (n = 2593). To avoid
heterogeneity caused by specific social differences
between rural and urban areas, only women from areas in
the Ruhr district were included in the analysis (n = 3072).
Additionally, we used only data from women with suc-
cessful spirometry and with complete questionnaire data
about education and covariates in the current analysis (n
= 1251). The reason for this exclusion criterion was to be
able to compare effects on lung function with effects on
respiratory symptoms in the same study group.

The SALIA cohort study complies with the Helsinki Decla-
ration and has received approval of the Ethics Committee
of the Ruhr University in Bochum/Germany.

Lung function measurements and COPD
Lung function was assessed by spirometry using VICAT-
EST (VICATEST 4, Mijnhardt, Odijk, The Netherlands) by
trained technicians. Identical protocols were used for all
lung function measurements. The measuring instruments
were calibrated prior to each session. At least two accepta-
ble spirometric measurements were obtained from a min-
imum of four forced expirations. This procedure is in
accordance with the ATS criteria [21]. In our analysis, we
used the forced expiratory volume in one-second (FEV1)
and the forced vital capacity (FVC). Linear regression
models were used to predict the lung function parameter
FEV1 and FVC based on age, height, race and sex. We used
the equations which are recommended by the American
Thoracic Society [22]. The prediction equations for creat-
ing reference values for these women were:

FEV1
predicted = 0.433-0.0036*age-

0.00019*age2+0.000115*height2
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FVCpredicted = -0.356 + 0.0187*age*0.00038*age2 

*0.000148*height2

We considered lung function to be impaired if FEV1 < 80%
or FVC < 80% of the predicted value of the respective
parameter. These cut-offs were also applied in the re-anal-
ysis of the Harvard Six City Study [13]. Furthermore, we
applied the GOLD criterion [23] to identify chronic
obstructive pulmonary disease (COPD). According to the
GOLD criterion, a post-bronchodilator measurement of
FEV1/FVC <0.7 defines COPD, at least stage one.

However, a post-bronchodilator measurement was not
used in our study. Therefore, we excluded 44 women with
bronchial asthma from further analysis of the association
between COPD and SES and respiratory health risk fac-
tors, to avoid confounding of COPD with bronchial
asthma. Bronchial asthma was considered present when
diagnosed by a physician or if asthma medication was
used.

Respiratory symptoms and diagnoses, SES, and respiratory 
health risk factors
Symptoms and diagnoses were assessed by a self-adminis-
tered standardised questionnaire. For the respiratory
health status, the questionnaire included questions
regarding chronic bronchitis and bronchial asthma diag-
nosed by a physician, frequent cough, and frequent cough
with phlegm production as well as medication. Further-
more, relevant potential respiratory health risk factors
such as occupational exposure to dust, gases, vapours, wet
conditions or extreme temperatures, smoking, environ-
mental tobacco smoke (ETS) and level of education were
included in the questionnaire. All returned questionnaires
were checked by the investigating physician. We grouped
the women into three categories according to their
reported current smoking habits: non-smoker (including
ex-smoker), passive smoker (ETS at home and/or work
place), and current smoker. We determined the SES by cat-
egorizing the women into three levels of education using
the highest school level completed by either the women
or her husband as low (< 10 years), medium (= 10 years),
high (> 10 years).

Air pollution data
We used ambient air concentration of particulate matter
of less then 10 μm dynamic diameters (PM10) and nitro-
gen dioxide (NO2) to assess environmental pollution for
our analysis. Total suspended particles (TSP) and NO2 are
routinely measured by the State Environmental Agency of
North Rhine Westphalia. The concentrations of NO2 are
measured half-hourly by means of chemiluminescence.
TSP were gathered with a low-volume sampler (air flow: 1
m3/h) and continuously measured using beta-ray absorp-
tion. To be able to compare our results with other air pol-

lution studies where PM10, measurements were used, we
multiplied the TSP measurements with a conversion fac-
tor of 0.71. This conversion factor was calculated from
seven monitoring sites in the Ruhr area, where parallel
measurements of TSP and PM10 were performed between
1998 and 2004 [20]. Across the Ruhr district, concentra-
tions of ambient air pollutants were measured at station-
ary monitoring sites representing urban background
levels. The monitoring stations are approximately located
on an 8 km grid in the women's residential areas. Individ-
ual ambient air pollution exposure of the women was
assessed by the measurements of the monitoring station
nearest to the women's home addresses and by using 5-
year-mean concentrations before the baseline investiga-
tions. We used 8 mean values from 6 monitoring stations.
Furthermore, we used geographic information system
(GIS) (Arc GIS 9.0, ESRI Redlands, Cato, U.S.A.) to calcu-
late the distance of a woman's residential address to the
nearest major road with more than 10.000 cars/day. A dis-
tance of less than 100 metres to the nearest major road
was considered to indicate an increased exposure to local
traffic-related air pollution. The daily traffic counts were
obtained from the State Environmental Agency of North
Rhine Westphalia.

Statistical Analysis
The statistical analysis was performed by using SAS® statis-
tical software package, version 9.1.3 (SAS Institute, Cary,
NC). The statistical description of respiratory health indi-
cators and risk factors were provided per level of SES. We
used the Cochran-Mantel-Haenszel test and linear regres-
sion for binary and continuous variables, respectively, to
test a linear association of health outcomes and risk fac-
tors with the levels of SES. In order to test for a linear
trend, SES was coded as follows:

One if educational level was less than 10 years school edu-
cation, 0.5 if equal to 10 years and 0 if more than 10 years
school education. An undirected association was assessed
by chi-square test. The bivariate unadjusted associations
between respiratory health indicators and risk factors were
assessed by logistic regression. A stepwise procedure of
multiple logistic regressions with pre-specified steps was
used to analyse alterations of the associations between
respiratory health indicators and SES (model I) by consec-
utively additional inclusion of occupational exposure
(model II), tobacco smoke (model III) and environmental
air pollution exposure (model IV) into the regression
models. The results of the regression analyses are pre-
sented as odds ratios with 95% confidence limits and
their p-values. The alteration of the crude SES effect by
additional allowance of other risk factors in the model
was assessed by the percentage reduction in the 'excess
odds', i.e. OR-1, due to adjustment for the other risk fac-
tors. This percentage change can be taken as a measure of
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explained SES effect by other risk factors. Odds ratios of
the continuous risk factors PM10 and NO2 were calculated
for an interquartile range increase of 7 μg/m3 and 16 μg/
m3, respectively. The odds ratios presented for the SES fac-
tor indicate the risk ratios of the lowest versus the highest
SES level. Interaction terms were included into the regres-
sion models to evaluate whether the risk factors modified
the effect of the SES. Outcome variables which showed no
association (p > 0.05) with SES were not analyzed. Like-
wise, risk factors, which showed no univariate association
with SES, were not included in the analysis of alterations
of the associations between respiratory health indicators
and SES. If the association between SES and respiratory
health was not homogeneous for different strata of the
risk factors, the analysis was restricted to the stratum,
where the association between SES and respiratory health
indicator was highest.

Results
Prevalence of respiratory health impairment and SES
The cohort has been previously described in detail [9,20].
In brief, lung function measurements and complete infor-
mation were obtained from 1251 women in the urban
areas of the Ruhr district. In particular, information was
available on school education of either the women or
their husbands. The average age of the participants was 55
years (mean: 54.5, SD 0.6). Table 1 shows the distribution
of SES expressed as educational levels. The prevalence of
women with impaired respiratory health and a reduction
in lung function according to their educational level are
also presented in Table 1. The results show the differences
in prevalence of respiratory impairment in women with

different school education. Respiratory symptoms were
more frequently reported in women with less than 10
years of school education. However, chronic bronchitis by
a physician's diagnosis was more common in women
with 10 years of school education. The percentage of
women with impaired lung function (FVC and FEV1 <80%
of predicted) was higher in the group with less than 10
years of school education. A similar result can be seen for
COPD. The prevalence of impaired respiratory health
decreased with increased education. A linear trend was
seen for all respiratory health indicators with the excep-
tion of chronic bronchitis by a physician's diagnosis. For
chronic bronchitis, no significant association of any kind
with the educational level could be assessed using chi-
square test. We therefore excluded chronic bronchitis
from the further analysis. The association between respi-
ratory health indicators and SES was stronger for the indi-
cators based on lung function measurements than for
those based on questionnaire variables. The percentage of
women with reduced lung-function who, however, did
not report symptoms was lower in better educated
women. This might be due to selective underreporting of
these women. For instance, 81% of women with more
than 10 years of education and reduced lung function
(FVC < 80%) reported frequent cough in comparison to
only 67% of women with less than 10 years of education.

Prevalence of respiratory health risk factors and SES
The distributions of respiratory health risk factors in the
study group are presented in Table 2. Unfavourable occu-
pational exposure to dust, gases, vapours, wet conditions
or extreme temperatures concerned 14.2% of the study

Table 1: Distribution of SES (educational level) in the study group and the prevalence of women with impaired respiratory health by 
SES

SES: all grades <10 years = 10 years of school education >10 years

N % N % N % N %

SES 1251 100 318 25.4 637 50.9 296 23.7

Indicators of impaired 
respiratory health

p-value1 of linear trend 
effect of SES

Frequent cough 1247 26.3 316 30.1 636 26.7 295 21.4 0.0152
Frequent cough with 
phlegm production

1240 12.9 312 16.0 633 12.3 295 10.9 0.0561

Chronic bronchitis 
diagnosed by a physician

1245 11.2 317 10.1 635 12.9 293 8.5 0.5785

Bronchial asthma 1238 3.6 312 4.8 632 3.6 294 2.0 0.0683
COPD 1207 4.1 303 5.3 614 4.9 290 1.4 0.0193
FEV1 <80% predicted 1251 20.5 318 24.5 637 20.9 296 15.2 0.0045
FVC <80% predicted 1251 26.8 318 33.3 637 26.2 296 21.0 0.0005

! Cochran-Mantel-Haenszel test
Abbreviations:
FEV1: Forced expiratory volume in 1 second; FVC: Forced vital capacity; COPD: Chronic obstructive pulmonary disease
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group. Current smoking on entry to the study was in
17.5%, 36.6% were never smokers but did report environ-
mental tobacco smoke (ETS) exposure, 45.9% were never
smokers without environmental tobacco smoke, and
9.6% were ex-smokers. The mean distance to the nearest
road with more than 10.000 cars per day was 519 m.
22.1% of all women lived in a distance of less than 100 m
from a road with more than 10.000 cars a day (major
road). The mean values for exposure to PM10 and NO2
were 49.4 μg/m3 and 49.2 μg/m3, respectively. Women
with less than 10 years of school education had a higher
prevalence of occupational exposure. Women with lower
SES had a higher exposure to ETS and were more likely to
be current smokers. Further, women with less than 10
years of school education lived closer to major roads than
women with higher education, but traffic exposure was
not linearly associated with SES. Long-term exposure to
increased levels of PM10 was significantly associated with
lower school education. Women with less than 10 years of
school education were exposed to higher levels of PM10
compared to women with higher education. The preva-
lence of occupational exposure and current smoking sta-
tus and the long-term average concentration of PM10 were
significantly increased with decreased level of education.
NO2 exposure did not exhibit any association with SES.
We therefore excluded the risk factor NO2 exposure from
further analysis.

Associations between respiratory health risk factors and 
respiratory health indicators
We tested all associations of risk factors with health out-
comes in separate bivariate models (Table 3). Current

smoking exhibited a significant adverse effect with all res-
piratory health indicators, whereas ETS did not. Likewise,
occupational exposure was a significant respiratory health
risk factor, but not significant for bronchial asthma. A
reduction in FVC and FEV1 (<80% predicted) was signifi-
cantly associated with exposure of high levels of PM10. An
elevated prevalence of COPD and reduced FEV1 (<80%
predicted) with women exposed to high traffic was indi-
cated. The parameter estimates were similar but slightly
smaller compared to those in our previous publication
[9], where we included women from urban and rural
areas. As exposure of ETS was not a risk factor for respira-
tory impairment in this study group we excluded ETS from
further statistical analysis.

Association between SES and respiratory health indicators 
and its alteration by respiratory health risk factors
Before assessing the contribution of respiratory health risk
factors to the association between SES and respiratory
health indicators, we checked whether the effect between
educational level and respiratory health risk factors was
homogeneous. For chronic cough with and without
phlegm production a significant (p < 0.1) modification of
the SES effect by the distance to a major road was
observed. The association was stronger in better educated
women and stronger for women living in a distance of
more than 100 m to the nearest major road. Therefore for
the symptoms of chronic cough with and without phlegm
production, we only considered the stratum of low traffic
exposure, i.e. women living in a distance of more than
100 m to the nearest major road, in the following step-
wise regression analysis. Table 4 shows the results of the

Table 2: Respiratory health risk factors by SES (educational level)

Respiratory health risk 
factors

SES: all grades <10 years = 10 years of school education >10 years P-value1 of linear trend 
effect of SES

N % N % N % N %

Occupational exposure2 1251 14.2 318 16.4 637 15.1 296 10.1 0.0296
Current smoker 17.5 20.3 17.9 13.9 0.0368
Non-smoker with ETS 1243 36.6 315 38.4 632 37.3 296 33.1 0.1780
Non-smoker without ETS 45.9 41.3 44.8 53.0 0.0038
Distance to major road with 
>10.000 cars/day 0–100 m

1216 22.1 304 26.0 624 19.9 288 22.9 0.3490

N AM N AM N AM N AM
SD SD SD SD

PM10 5-years mean 1254 49.4 318 50.0 637 49.7 296 48.2 <0.0001
4.6 4.3 4.4 5.2

NO2 5-years mean 1254 49.2 318 49.1 637 49.3 296 49.4 0.3941
4.3 4.6 4.1 4.2

1 p-value of the logistic regression
2 Dust, gases, vapours, wet conditions or extreme temperature
Abbreviations:
NO2: Nitrogen dioxide; PM10: Particulate matter with aerodynamic diameter of ≤ 10 μm, calculated as PM10 = 0.71*TSP; TSP: Total suspended 
particles; AM: Arithmetic mean; SD: Standard deviation
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step-wise regression analysis of the association between
respiratory health indicators and SES adjusted by addi-
tionally including other risk factors (occupational expo-
sure, current smoking and air pollution exposure). These
results indicate that a low level of education was associ-
ated with a reduction in lung function, i.e. an increased
prevalence of FEV1 or FVC less than 80% of the predicted
value, as well as an increased prevalence of COPD,
chronic cough with and without phlegm production, and
bronchial asthma. The associations remained stable when
adjusting for occupational exposure. However, the associ-
ation was attenuated after additionally adjusting for
smoking. After further adjustment for the environmental
risk factors exposure of PM10 and distance to major road
an additional attenuation of the SES effect was observed
for COPD, FEV1 < 80% predicted and FVC <80% pre-
dicted. The explanatory measure of SES effects by other
risk factors, the percentage reduction of excess odds ratio,
showed a range between 5% to 10% attributable risk for
the self-reported respiratory health indicators and 21% to
33% change for the measured lung function indicators.
The smallest change was observed for bronchial asthma
with current smoking showing the best explanation of the
SES effect.

Discussion
Our study is the first to analyze data of a cohort of women
with the focus on environmental differences and respira-
tory health in Germany by including measurements of
large- and small-scale air pollution. The results showed
that women of lower educational level had a higher prev-
alence of respiratory impairment including a reduced lung
function. We could observe that a reduction in lung func-
tions (FEV1 and FVC < 80% of predicted value) was signif-
icantly associated with long-term exposure to high levels
of PM10. Adjusting for smoking and outdoor air pollution
decreased the relevance of SES for acquiring chronic respi-
ratory symptoms or lung function impairment. The inves-
tigated respiratory health risk factors taken together,
explained a relative portion of the social differences in the
prevalence of self-reported chronic respiratory health
indicators by 4% to 10% and for the measured respiratory
health outcomes by 21% to 33%. The weaker explanatory
potency of respiratory health risk factors for self-reported
symptoms might partly be explained by a SES-dependent
underreporting behaviour. Indeed, if the lung function
measurements were taken as gold standard, we observed
an increasing underreporting with decreasing educational
level. Our findings are probably not only true for the Ruhr
area, but can also be transferred to regions of other indus-

Table 3: Bivariate associations of respiratory health risk factors with respiratory health indicators by logistic regression

Frequent cough
N = 1212

Frequent cough with 
phlegm production

N = 1205

Bronchial asthma
N = 1203

COPD
N = 1172

FEV1 <80
N = 1216

FVC <80
N = 1216

Occupational 
exposure1

OR 2.01 1.94 1.59 1.94 1.86 1.69

95%CI (1.44–2.82) (1.28–2.95) (0.75–3.38) (0.97–3.90) (1.30–2.66) (1.20–2.37)
p-value <0.001 0.002 0.224 0.062 0.001 0.002

Current smoker OR 2.03 1.99 2.34 3.32 2.22 1.47
95%CI (1.48–2.78) (1.34–2.94) (1.22–4.49) (1.81–6.12) (1.59–3.09) (1.07–2.03)
p-value <0.001 0.001 0.011 <0.001 <0.001 0.018

Non-smoker with 
ETS2

OR 1.05 1.06 0.76 1.15 1.07 0.99

95%CI (0.78–1.41) (0.71–1.58) (0.36–1.63) (0.55–2.42) (0.78–1.49) (0.75–1.32)
p-value 0.740 0.772 0.479 0.706 0.674 0.966

PM10 5-year mean [7 
μg/m3]

OR 1.06 1.09 0.94 1.25 1.46 1.44

95%CI (0.87–1.28) (0.85–1.41) (0.60–1.46) (0.79–1.99) (1.17–1.82) (1.18–1.76)
p-value 0.565 0.489 0.771 0.340 0.001 <0.001

Distance to major 
road (< = 100 m) with 
>10.000 cars/day

OR 1.13 1.02 1.04 1.69 1.30 1.07

95%CI (0.83–1.53) (0.68–1.53) (0.51–2.13) (0.90–3.18) (0.94–1.79) 0.79–1.45
p-value 0.431 0.929 0.920 0.101 0.118 0.678

1 Dust, gases, vapours, wet conditions or extreme temperature
2 300 current smokers were excluded from the analysis
Abbreviations:
OR: Odds ratio; 95%CI: 95% Confidence interval; NO2: Nitrogen dioxide; PM10: Particulate matter with aerodynamic diameter of ≤ 10 μm, 
calculated as PM10 = 0.71*TSP; TSP: Total suspended particles; FEV1: Forced expiratory volume in 1 second; FVC: Forced vital capacity; COPD: 
Chronic obstructive pulmonary disease
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trialized regions, as they might show similar social struc-
tures and patterns of behaviour. Our analysis is a
contribution to the German environmental inequalities
discussion by investigating the associations between air
pollution exposure, including PM10 in ambient air, heavy
traffic, occupational exposure, smoking behaviour, SES
indicated by educational level, and respiratory health
indicators including lung function measurements.

We used level of education, as it is widely accepted as a
valid measure of SES [24] in particular in women. It is
considered a good indicator of SES in women, because
most women of this generation were not formally
employed and had less occupational exposure [4].
Besides, social class, level of education and occupation are
closely correlated and only some of the respiratory dis-
eases may be caused by occupational exposure, however,

Table 4: Association between SES (educational level) and respiratory health indicators and its alteration by respiratory health risk 
factors Stepwise logistic regression analysis

Frequent 
cough1

N = 944

Frequent cough 
with phlegm 
production1

N = 938

Bronchial 
asthma

N = 1203

COPD FEV1/
FVC <0.7
N = 1172

FEV1
<80% N = 1216

FVC <80%
N = 1216

Model I SES 
(educational 
level) unadjusted, 
3 categories as 
continuous 
variables

OR 2.01 2.02 2.33 2.46 1.83 1.99

95%CI (1.31–3.10) (1.15–3.56) (0.96–5.65) (1.04–5.78) (1.22–2.74) (1.38–2.88)
p-value 0.001 0.015 0.061 0.040 0.003 <0.001

Model II SES 
adjusted for 
occupational 
exposure2

OR 1.95 1.97 2.28 2.40 1.78 1.95

95%CI (1.26–3.00) (1.11–3.48) (0.94–5.56) (1.01–5.68) (1.18–2.68) (1.35–2.83)
p-value 0.003 0.020 0.068 0.046 0.005 <0.001

%-change 6% 5% 4% 4% 6% 4%
Model III SES 
additionally 
adjusted for 
current smoking

OR 1.91 1.95 2.18 2.26 1.71 1.92

95%CI (1.23–2.97) (1.10–3.46) (0.89–5.32) (0.94–5.41) (1.13–2.58) (1.32–2.79)
p-value 0.004 0.023 0.088 0.068 0.011 0.001

%-change 10% 7% 11% 14% 14% 7%
Model IV SES 
additionally 
adjusted for 5-
year mean PM10

OR 1.92 1.92 2.27 2.20 1.59 1.79

95%CI (1.23–2.99) (1.07–3.41) (0.92–5.59) (0.91–5.32) (1.05–2.42) (1.23–2.61)
P-value 0.004 0.028 0.074 0.080 0.029 0.002

%-change 9% 10% 5% 18% 29% 20%
Model V SES 
additionally 
adjusted for 
distance to major 
road with 
>10.000 cars/day 
= 100 m

OR not applicable not applicable 2.28 2.12 1.56 1.78

95%CI (0.92–5.62) (0.88–5.10) (1.03–2.37) (1.22–2.60)
P-value 0.074 0.095 0.037 0.003

%-change 4% 23% 33% 21%

1 Only women living in a distance more than 100 m to the nearest major road with heavy traffic
2 Dust, gases, vapours, wet conditions or extreme temperature
Abbreviations:
OR: Odds ratio for <10 years education versus >10 years education; 95%CI: 95% Confidence interval; PM10: Particulate matter with aerodynamic 
diameter of ≤ 10 μm, calculated as PM10 = 0.71*TSP; TSP: Total suspended particles; FEV1: Forced expiratory volume in 1 second; FVC: Forced vital 
capacity; COPD: Chronic obstructive pulmonary disease; %-change: Calculated as the percentage reduction in the 'excess odds' due to adjustment 
for that factor
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women generally do not hold jobs with high levels of
exposure to dust, such as miners, or extreme temperatures
that are the potential causes of respiratory diseases [25].

It has been recognized that both air pollution and SES are
priority areas for public health interventions [26]. At the
same time, evidence showed that air pollution is a serious
health concern [11,12]. A small number of studies in Ger-
many showed that people with lower SES lived closer to
major roads with high traffic exposure and had more
adverse housing conditions and higher concentrations of
indoor air pollution [27-30].

In our study we could show that impaired respiratory
health was associated with low levels of education. This
association however, attenuated after adjusting for smok-
ing and ambient air pollution. Similar results were found
in studies that focused on effect modification by SES of air
pollution-associated mortality [2,4,16,31]. We observed
effect modification by SES only for reported symptoms
and traffic exposure, which might be related to differences
in reporting behaviour. Several European studies revealed
that low SES was not necessarily related to high exposure
of air pollution [31,32]. It is possible that in different
regions the social-group distribution varies.

We have to consider the following limitations when inter-
preting these results. The cross-sectional studies were
designed to investigate the effect of high levels of air pol-
lution on respiratory health. However, a cross-sectional
study cannot address longitudinal issues.

Data on school education, lifestyle and other individual
living conditions of these women were collected to con-
trol for potential confounders. Information on other
attributes such as neighbourhood and income was not
available. Another important limitation is that informa-
tion regarding SES in early life, this was not available,
therefore, it is possible when considering the total SES
effect, then adjusting for height, and using a reference
equation for FEV1 and FVC, there might be "adjusting out"
an important intermediary process in the form of lung
growth.

Clustering might play a role, when assessing SES effects.
However, the Ruhr area is a very homogeneous area with
respect to SES. In this study, controlling for clustering by
area did not change standard deviations.

The assessment of SES was restricted to the highest
achieved educational level by either the woman or her
husband. 33.5% of husbands had higher educational lev-
els than their spouses. We repeated the regression analysis
by using only the educational level of the women (data
not shown), however, the relevance of the education on

respiratory health was weaker and the attenuation was less
pronounced by the covariates for exposure.

Information bias might also have influenced the results
for the reported respiratory diseases such as chronic bron-
chitis and frequent cough. Women with lower education
might differently respond to questions regarding their res-
piratory health than people with a higher education. It is
possible that women from low social status visit the phy-
sician less frequently compare to women of higher social
status, so underreporting might have taken place. These
could be the reasons for the missing association between
chronic bronchitis by physician's diagnose and social sta-
tus.

Small inequalities that might exist in exposure are likely to
be the results of long-term socioeconomic processes
whereby property values become depressed in areas of
higher pollution and poorer people live in areas of low
rent.

However, only small differences were detected in air pol-
lution exposures between the groups, therefore it was dif-
ficult for the air variables to explain differences in SES
effects. The coverage of the monitoring stations is proba-
bly inadequate to capture the spatial variations especially
in NO2. This usually requires a very dense network. This
may have contributed to the homogeneous exposures in
NO2, but we included distance to a major road to capture
smaller spatial variations.

We put together non-smokers and ex-smoker in the refer-
ence groups for the effect of current smoking with the
potential consequence of confounding. However, in a
separate analysis with ex-smoking as an additional risk
factor, we did not see any substantial alterations of the
association between SES and respiratory health indicators.

However, there are also several other strengths to our
study. Firstly, we were able to differentiate between large-
and small-scale measures of air pollution by using long-
term exposure measures (5-year means) from stationary
monitoring stations and the distance of the residential
address to the nearest major road. Secondly, we only
included women, men were excluded from this highly
industrialized area, to avoid bias due to occupational
exposures from mining and steel industry. The majority of
these women were not in the work force and had no occu-
pational exposures. Thirdly, the Ruhr district was histori-
cally the base of the coal mining and steel industry and
had very high levels of ambient air pollution until the
recent past, when this study was conducted. The decline in
these industries was proportional throughout the area and
homogeneously distributed across the whole study
region.
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Conclusion
These findings demonstrate that the situation of women
in Germany with regards to environmental differences is
similar to conditions in other industrialized regions.
There was a significant association between the low SES
and the impaired respiratory health, which was indicated
by increased prevalence of respiratory symptoms and
diagnoses as well as reduced lung function. The effect of
SES on respiratory symptoms and impaired lung function
could partly be explained by known unfavourable living
conditions, as could smoking and ambient air pollution,
in those women with less school education. A considera-
ble part of the social differences, however, remained still
unexplained. Our results add to the environmental ineq-
uity discussion that low social status represents an impor-
tant risk factor for developing respiratory diseases and that
these women are more prone to live in higher polluted
areas. High priority should be placed on reducing these
risk factors for populations in less advantaged areas to
promote environmental equity. Further follow-up of the
cohort, currently being conducted, will provide additional
information on these long-term effects of exposure to air
pollution and the association with socioeconomic status
and adverse health.
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