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ABSTRACT: The aim of this study was to determine chronic respiratory dis-
ease morbidity in construction workers, and to assess the prognostic value of
various morbidity measures on permanent disability and on all-cause mortality.

Subjects in this analysis were male employees in the German construction
industry, aged 40–64 yrs, who were examined by the occupational health ser-
vice between August 1986 and December 1988. Prevalence of respiratory dis-
orders as characterized by: 1) pathological findings on lung auscultation; 2)
reduced forced expiratory volume in one second (FEV1); and 3) a medical diag-
nosis of chronic respiratory disease (International Classification of Diseases 9th
revision (ICD-9) 490–496) was assessed among occupational groups of con-
struction workers, and compared with prevalence among white-collar employ-
ees. Active follow-up was conducted between October 1992 and July 1994 to
ascertain working and life status (completeness: 92 and 96%, respectively). The
prognostic value of the morbidity measures on permanent disability and on all-
cause mortality was assessed using the Cox proportional hazards model.

In the entire cohort, crude prevalence was 7.6% for pathological findings on
lung auscultation, 8.8% for a reduced FEV1 (<70% of predicted value), and
6.1% for a recorded diagnosis of chronic respiratory disease. There was strong
variation of prevalence with age, smoking status and, less clearly, occupation.
The relative risk for permanent disability varied between 1.9 and 3.2, and for
mortality between 2.0 and 2.9, respectively, when men with the various mea-
sures of bronchopulmonary disorders were compared with other men.

The morbidity measures utilized allow the identification of employees at high-
er risk of disability and death, and this may facilitate targeting of specific pre-
vention and rehabilitation measures.
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According to national mortality statistics, pulmonary
diseases rank third as a cause of death after cardiovas-
cular and malignant diseases. Chronic obstructive pul-
monary disease (COPD) accounts for more than 50%
of these pulmonary diseases [1]. In addition to its imp-
act on mortality [2], COPD has also been shown to red-
uce quality of life [3].

Several occupational studies [4–8] have shown an as-
sociation between chronic pulmonary diseases and ex-
posure to dust, gas or fumes. Construction workers are
exposed to a wide range of substances that are potential-
ly hazardous to the respiratory system, including cem-
ent dust, wood dust from sawing, dust from the ground,
dust from using pneumatic tools on concrete or other
stone work, fumes from welding, roofing or paving, and
diesel exhaust from machines [9]. In addition, construc-
tion workers might be exposed to climatic influences
and personal lifestyle factors, such as cigarette smoking,
which have also been identified as aetiological factors
of COPD [10].

So far, very little is known about the patterns of
COPD morbidity in the various professional groups of
the construction industry. An occupational study from
the United States on 118 construction painters indicated
that painters may be at increased risk of developing air-
flow obstruction, and that these changes may be related
to years of exposure and be independent of cigarette
smoking [11].

Furthermore, the prognostic significance of the vari-
ous pulmonary morbidity measures for permanent disabi-
lity and mortality has not been clearly evaluated. Knowledge
of this prognostic significance, however, would facilitate
identification of persons at high risk for permanent disa-
bility or death, who might benefit most from secondary
prevention programmes that could be tailored to indi-
vidual life style factors as well as to work-related charac-
teristics.

The objective of the present study was to describe
the prevalence of chronic respiratory disease in various
professions of the construction industry, according to:
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1) pathological findings on lung auscultation; 2) a patho-
logical lung function measure; and 3) a diagnosis of
chronic respiratory disease as recorded in the occupa-
tional health record of the employees. In addition, we
investigated the prognostic significance of these three
morbidity measures for early retirement due to disabi-
lity and all-cause mortality by means of active follow-up.

Materials and methods

Design and study population

In the German construction industry, all employees are
periodically invited to occupational health examina-
tions by the medical health service of the Workmen's
Compensation Board. A cohort study was conducted
among construction workers who had undergone occu-
pational health examinations in six occupational health
centres of the Workmen's Compensation Board for con-
struction workers in Wuerttemberg (in the South of
Germany) between August 1986 and December 1988. In
the period of investigation, about 78% of the employees
invited agreed to participate in the examinations.

The present study includes employees aged 40–65 yrs
and working as plumbers, carpenters, painters or varnish-
ers, plasterers, bricklayers, unskilled workers, or as office
employees, engineers or architects. The latter three pro-
fessions were combined in a common group ("white-col-
lar employees"). In total, 4,958 men met the inclusion
criteria for this study.

Data collection

Baseline examination. The medical examination at base-
line consisted of an occupational and medical history, a
physical examination, and blood and serum analysis. In
addition, audiogram and pulmonary function tests were
performed, and electrocardiography or chest radiography,
if necessary. The examinations were conducted by ex-
perienced occupational health physicians, according to a
standardized documentation protocol, considering all
aspects of a complete medical history and physical exam-
ination.

Three different measures were used to characterize
bronchopulmonary morbidity at baseline: 1) pathologi-
cal findings on lung auscultation (rales, rhonchi or crack-
ling, or a prolonged duration of expiration); 2) reduced
forced expiratory volume during one second (FEV1) as
percentage of the predicted height-, weight- and age-
corrected sex-specific value [12] (grading of pulmonary
impairment: following the staging system proposed by
the European Respiratory Society [13]); and 3) a recorded
medical diagnosis related to chronic respiratory disease
(International Classification of Diseases 9th Revision
(ICD-9) 490–496, COPD) in the health record of the em-
ployees. This recorded diagnosis integrates the medical
history (including information from other medical insti-
tutions the employee may have consulted in the past) as
well as the results of the examination at the occupational
health service.

In contrast to the other measures, FEV1 was available
in only 77.3% of employees. Completeness of this measu-
rement varied according mainly to location of the health

centre (from 98 to 67%). This was also the case for smok-
ing history, which, in total, was recorded for only 76% of
the employees.

Follow-up. Active follow-up was carried out to ascer-
tain whether early retirement due to permanent disabi-
lity or death had occurred after the baseline examination.
Therefore, employers and employees or their relatives
were recontacted between October 1992 and July 1994.
If necessary, information on life status was completed
by the German system of population registries.

Statistical analysis

Cross-sectional part of the study. In the cross-sectional
part of the study (analysis of the baseline examinations),
the crude prevalence for the various morbidity measures
was calculated for each of the occupational groups and
for each 5 year age group, according to smoking status.
Furthermore, we assessed the independent association
of occupation and smoking status with the prevalence of
the various morbidity measures after controlling for seve-
ral potential confounders, including age, nationality,
company size, and occupational health centre, by means
of multivariate statistical modelling. Therefore, Breslow's
modification of Cox's model was used to estimate the
prevalence rate ratios (PRR) from cross-sectional data,
as described by LEE [14].

Follow-up part of the study. In the follow-up part of the
study, which was performed to quantify the prognostic
value of the various morbidity measures on permanent
disability and mortality, crude rates for permanent disab-
ility and all-cause mortality were calculated for individ-
uals with and without the respective morbidity measure
of interest. In addition, the association of the various
morbidity measures with the occurrence of permanent
disability and with all-cause mortality was assessed using
the proportional hazards model according to Cox, adjust-
ing for age, occupation, nationality, smoking status, com-
pany size and health centre. In addition, to assess the
independent effect of each morbidity measure, all three
measures were included in one model after adjustment
for the covariates. The proportional hazard assumption
was checked by inclusion of time-dependent variables in
the models. All statistical procedures were conducted
with the Statistical Analysis System (SAS) software pack-
age [15].

Results

As shown in table 1, the number of participants in
the occupational groups varied between 207 (white-
collar) and 1,861 (bricklayers). Mean age ranged 48 yrs
(plumbers) to 51 yrs (carpenters). Average length of
employment in the construction industry ranged 26.2
yrs (unskilled workers) to 32.0 yrs (plasterers). The pro-
portion of foreign workers was highest in the group of
unskilled workers (58%) and lowest in the white-collar
employees (2%). The smoking history varied consider-
ably among the various professions. At the time of the
baseline examination, only 41% of white-collar employ-
ees reported being current smokers, compared to 63% of
unskilled workers. The mean number of cigarettes smoked
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per day by current smokers ranged 18.7 (carpenters) to
21.3 (plasterers).

Life status and employment status at follow-up could
be ascertained for 96% and 92% of participants, respec-
tively. In general, completeness of follow-up was higher
in employees with German nationality (97% for mortal-
ity and 94% for disability) than in employees with for-
eign nationality (92% for mortality and 86% for disability)
because of migration of foreign employees. The mean
follow-up time was 4.4 yrs for employment status and
4.6 yrs for life status. In the period of follow-up, 340
employees were granted a disability pension for health-
related reasons, and 141 employees died. Information
regarding the reason (medical diagnosis) for permanent
disability was available in 59% of disability cases. Main
reasons for early retirement due to permanent disability
were: disorders of the musculoskeletal system (40%);
diseases of the cardiovascular system (24%); psychiatric
disorders (8%); and respiratory diseases (6%).

The crude prevalence of bronchopulmonary disorders
at baseline, according to the various health measures, is
presented in table 2. Prevalence of pathological findings
on lung auscultation (rales, rhonchi or crackling, or a
prolonged duration of expiration) ranged 2.9% (white-
collar employees) to 12.6% (unskilled workers). Preval-
ence of a reduced FEV1 (<70% of pred) ranged 4.5%
(white-collar employees) to 12.9% (unskilled workers).
A diagnosis of chronic respiratory diseases (ICD-9 490-
496) in the health record of the employees was record-
ed between 3.0% (white-collar employees) and 9.1%
(unskilled workers). In general, in most occupational
groups, measurement of a reduced FEV1 <70% pred was
more common than recording of pathological findings
on lung auscultation or a medical diagnosis related to
chronic respiratory disease. The crude prevalence of all
three morbidity measures was highest in current smok-
ers. Among the current smokers, however, the group of
white-collar employees showed the lowest prevalence.

CRD MORBIDITY IN CONSTRUCTION WORKERS 1095

Table 1.  –  Characteristics of the study population according to profession: number, mean age, nationality, smoking
status, and mean number of cigarettes smoked by current smokers

Profession

White-collar Plumbers Carpenters Painters/ Plasterers Unskilled Bricklayers
employees varnishers workers

Subjects  n 207 388 521 633 544 804 1861
Age  yrs# 50 (6) 48 (5) 51 (6) 49 (5) 50 (5) 50 (6) 50 (5)
Length of
employment yrs# 28.0 (7.9) 29.5 (6.9) 31.6 (8.0) 31.7 (7.5) 32.0 (7.3) 26.2 (8.6) 29.8 (7.9)
Foreign workers % 2 6 25 13 16 58 3
Smoking history %

Never 38 20 26 16 15 20 19
Former 21 29 25 28 29 17 26
Current 41 51 48 56 56 63 54

Current smoking
cigarettes·day-1‡ 20.0 19.4 18.7 19.5 21.3 19.5 20.8
#: Mean and SD in parenthesis; ‡: mean.

Table 2.  –  Crude prevalence of the various respiratory morbidity measures by occupation and smoking status

Profession

White-collar Plumbers Carpenters Painters/ Plasterers Unskilled Bricklayers Total
varnishers workers

(n=207) (n=388) (n=521) (n=633) (n=544) (n=804) (n=1861) (n=4958)

Pathological findings on lung auscultations %
Lifelong NS 3.5 5.5 5.0 2.6 5.1 6.4 3.6 4.3
Ex-smoker 0.0 3.8 6.3 2.3 6.8 15.3 6.4 6.5
Current smoker 6.7 9.9 17.5 7.0 11.7 15.3 11.6 12.0
Unknown 0.0 1.8 1.4 0.0 3.5 8.6 2.6 2.9
Total 2.9 5.7 8.6 3.8 7.7 12.6 7.3 7.6

FEV1 <70 % pred
Lifelong NS 6.1 2.3 10.8 10.8 0.0 7.6 6.3 6.7
Ex-smoker 13.1 6.7 9.1 4.5 5.7 14.7 9.2 8.7
Current 2.2 8.6 12.7 12.4 11.6 13.7 10.7 11.4
Unknown 0.0 0.0 5.7 3.5 4.0 14.3 4.6 5.2
Total 4.5 5.2 9.9 8.5 6.9 12.9 8.4 8.8

COPD (ICD-9 490–496)  %
Lifelong NS 3.5 5.5 5.0 1.3 5.1 4.0 1.8 3.2
Ex-smoker 3.2 2.4 8.4 4.6 5.1 7.2 5.3 5.4
Current smoker 3.3 9.2 11.5 7.8 13.0 12.6 7.9 9.6
Unknown 1.7 0.0 1.4 0.8 2.8 5.6 2.6 2.7
Total 3.0 4.4 6.9 5.2 7.7 9.1 5.3 6.1

NS: nonsmoker; FEV1: forced expiratory volume in one second; % pred: percentage of predicted value; COPD: chronic obstruc-
tive pulmonary disease; ICD-9: International Classification of Diseases 9th revision.



Prevalence of the various findings by age and smok-
ing status is presented in table 3. In total, prevalence
both of pathological findings on lung auscultation and
reduced FEV1 showed a monotonic increase with age.
The prevalence of a diagnosis related to chronic respir-
atory disease had a peak in the 55–59 yrs age group. In
the 60–64 yrs age group, prevalence was slightly lower
than in the 55–59 yrs age group. However, the small
sample size in this age group (n=162) has to be con-
sidered. Again, among the current smokers, prevalence
of each morbidity measure was highest in the various
age categories when compared with the other smoking
categories.

Table 4 shows the prevalence rate ratios (PRR) for
the various morbidity measures for each professional
group.  With regard to the pathological findings on lung
auscultation, blue-collar professions had an elevated
PRR, which ranged 1.3 (painters/varnishers) to 2.1
(unskilled workers), but elevations were not statistical-
ly significant, since the 95% con-
fidence interval (95% CI) included
one. Likewise, no statistically
significant excess morbidity in
terms of a reduced FEV1 or a
diagnosis related to COPD was
evident in the different occu-
pations when compared with the
reference group (white-collar
employees). However, there was
a tendency towards elevated PRR
for all occupations when comp-
ared with the white-collar employ-
ees. There was a strong association
of all morbidity measures with
smoking status. Associations
were higher for findings on lung
auscultation and a recorded diag-
nosis of COPD than for FEV1
<70% pred.

The number of events (early retirement due to perm-
anent disability and death, respectively), the crude rate and
the relative risk (RR) of permanent disability and death
in the follow-up period are presented in table 5. The RR
both for permanent disability and mortality ranged 1.9–
3.2 and 2.0–2.9, respectively, after adjustment for age,
occupation, nationality, company size and health centre,
when workers with the various measures of broncho-
pulmonary disorders were compared with healthy work-
ers. The RR for subjects with a FEV1 ≤69% pred was
3.2 for disability and 2.9 for mortality, compared with
men with a FEV1 of ≥100% pred.

However, when all three morbidity measures were
included in one model simultaneously (table 6), the mea-
sures "pathological findings on lung auscultation" and
the categorized FEV1 measure showed an independent
association with both end-points (disability and mortal-
ity), whereas a recorded diagnosis of COPD did not.
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Table 3.  –  Prevalence of the various pulmonary mor-
bidity measures by age and smoking status

Age  yrs

40–44 45–49 50–54 55–59 60–64
(n=928) (n=1393) (n=1512) (n=963) (n=162)

Pathological findings on lung auscultation %
Lifelong NS 2.4 3.4 3.0 9.8 0.0
Ex-smoker 2.6 6.2 6.6 8.8 8.5
Current smoker 9.3 9.1 11.3 20.6 20.5
Unknown 1.1 3.6 2.5 2.0 12.5
Total 5.9 6.6 6.9 11.4 11.8
FEV1 <70% pred
Lifelong NS 2.8 3.3 6.4 15.2 5.0
Ex-smoker 3.3 7.5 8.2 14.0 10.0
Current smoker 7.7 9.4 14.3 14.1 23.5
Unknown 4.2 4.8 6.1 3.9 10.0
Total 5.7 7.2 9.7 11.9 12.9
COPD (ICD-9 490–496) %
Lifelong NS 1.6 2.9 2.6 6.1 0.0
Ex-smoker 2.0 4.1 6.6 6.5 10.6
Current smoker 7.4 8.0 9.6 14.9 14.3
Unknown 1.1 2.6 2.7 3.6 4.4
Total 4.5 5.4 6.1 8.6 8.0

For definitions see legend to table 2.

Table 4.  –  Prevalence rate ratio (PRR) and 95% con-
fidence interval (95% CI) of the various pulmonary mor-
bidity measures by occupation and smoking status

Occupation Morbidity measure

Pathological FEV1 COPD
findings on lung <70 % pred (ICD-9 490–496)

auscultation PRR# PRR# PRR#

(95% CI) (95% CI) (95% CI)

Profession
White-collar‡ 1 1 1
Plumbers 1.7 (0.7–4.2) 1.2 (0.5–2.9) 1.9 (0.7–5.1)
Carpenters 1.9 (0.8–4.4) 1.6 (0.7–3.5) 1.8 (0.7–4.6)
Painters/ 1.3 (0.5–3.1) 1.5 (0.7–3.3) 1.9 (0.7–4.8)
varnishers
Plasterers 1.8 (0.8–4.4) 1.2 (0.5–2.9) 2.4 (0.9–6.1)
Unskilled 2.1 (0.9–4.8) 1.6 (0.7–3.6) 1.7 (0.7–4.4)
workers
Bricklayers 1.6 (0.7–3.7) 1.4 (0.7–3.1) 1.3 (0.5–3.3)
Smoking status
Lifelong NS 1 1 1
Ex-smokers 2.0 (1.3–3.1) 1.5 (1.0–2.2) 2.6 (1.6–4.3)
Current 3.8 (2.6–5.5) 2.1 (1.5–2.9) 4.5 (2.9–7.0)
smokers
#: model includes profession and smoking status and is adjust-
ed for age, nationality, company size, and health centre; ‡: ref-
erence group. For definitions see legend to table 2.

Table 5.  –  Relative risk (RR) and 95% confidence interval (95% CI) for the occur-
rence of disability and mortality in the follow-up period as evaluated with each mor-
bidity measure

Pathological findings FEV1 Recorded diagnosis
on lung auscultation % pred of COPD

Yes No ≤69 70–99 ≥100 Yes No
Disability
Person-years 2460 17582 1167 7145 7162 1500 18694
Events n 88 250 47 124 81 57 283
Crude rate* 3578 1422 4027 1735 1131 3785 1514
Relative risk‡ 2.1 1# 3.2 1.7 1# 1.9 1#

(95% CI) (1.6–2.7) (1.8–5.6) (1.1–2.6) (1.4–2.6)
Mortality
Person-years 2896 19051 1371 7852 7718 1778 20340
Events n 38 100 19 60 34 24 117
Crude rate* 1312 525 1386 764 441 1350 575
Relative risk‡ 2.2 1# 2.9 1.4 1# 2.0 1#

(95% CI) (1.5–3.2) (2.0–4.2) (1.1–1.9) (1.3–3.1)
*: events (disability, death) per 100,000 person-years; ‡: adjusted for age, occupation, nation-
ality, company size; #: reference category. For definitions see legend to table 2.



Discussion

In the present study, the prevalence and patterns of
chronic respiratory disease were assessed in workers in
the construction industry. A tendency towards elevated
prevalence was seen in most occupations of the con-
struction industry, when compared with white-collar
employees, although increased prevalence rates were not
statistically significant. There was, however, a clear ex-
cess morbidity related to smoking status. In addition, this
study demonstrated that all three morbidity measures
investigated are related to the occurrence of early retire-
ment due to permanent disability and death during the
follow-up period. When considered together, pathologi-
cal findings on lung auscultation and the result of the
lung function test (FEV1) were independent predictors
of both end-points, permanent disability and mortality,
whereas a recorded diagnosis of COPD was not.

Pathological findings on lung auscultation, as defined
in this study, are probably related to chronic obstructive
diseases. Findings on lung auscultation caused by acute
respiratory infections should be rare in this population
because, in general, employees with such diseases do
not come to the attention of the occupational health phy-
sician. In Germany, the occupational health service is
not involved in the diagnosis and treatment of acute health
events.

The results of the cross-sectional part of this study
are in agreement with another study conducted in the
German construction industry in 1984 [16]. It reported
similar prevalence of findings regarding chronic mor-
bidity measures in the various professional groups of con-
struction workers, as characterized by means of clinical
examination and pulmonary function tests. An occupa-
tional study from Canada conducted in construction ins-
ulators also demonstrated an excess prevalence of airflow
obstruction as measured by lung function test [17].

Asthma due to occupational exposure is described in
painters and varnishers in the construction industry. A sig-
nificant relationship between years of exposure to paint
products and airflow obstruction has been demonstrated
in construction painters when compared to sheet metal
workers. For every year of exposure, a decline in FEV1
of 11 mL was estimated [11, 18].

In the present whole study population, immunogenic
disorders of the lung accounted for only a very small pro-
portion of the chronic obstructive diseases. Of the rec-
orded COPD diagnoses (ICD 490–496) 4.3% were due
to asthma (ICD 493) or exogen allergic alveolitis (ICD
495). This minor role of immunogenic disorders is fur-
ther reflected by the fact, that in the German construc-
tion industry, allergic intrinsic or extrinsic obstructive
diseases account for only a small percentage of the occu-
pational respiratory diseases, as evident in the 24 cases
of compensated work-related occupational illnesses due
to asthma and exogenous allergic alveolitis in 1993 [19].

According to the spirometric results of the present study
population, up to 14% (e.g. age group 60–64 yrs) may
have suffered signs of moderate or severe chronic respi-
ratory disease. Pulmonary morbidity was clearly related
to smoking status. Furthermore, there was a tendency
towards a job-specific elevation when comparing blue-
collar employees with the white-collar employees, but
results did not reach statistical significance, due to the
limited sample size and resulting lack of power. Further-
more, by using job title as a proxy measure for a broad
range of occupational exposures, the health effects of
specific exposures may have been missed. Specific meas-
ures of dust or other agents may have led to a stronger
relationship with the morbidity measures employed.
However, this information was not available.

A community-based study in Norway indicated that
socioeconomic status, in terms of educational level, is
a risk factor for respiratory disorders independent of
smoking and airborne exposure [20]. Therefore, the ex-
cess morbidity of the unskilled workers compared to the
white-collar employees may have been due not only to
occupational exposure but also, in part, to differences in
environmental factors and personal behaviour. It has
been shown, however, that unskilled workers in the con-
struction industry, in particular, face a wide range of haz-
ardous exposures at the workplace, and show widespread
adverse health effects [21]. Altogether, however, smok-
ing status was by far the most important risk factor for
all morbidity measures investigated in the present study.

The results of the follow-up study, investigating the
prognostic value of the three morbidity measures on dis-
ability and mortality, revealed that all three are related
to the occurrence of health-related disability and death.
However, their ability to predict these two outcomes was
not independent of each other, as evaluated if all three
were included in one model. The diagnosis had no addi-
tional predictive ability compared to clinical findings and
the result of the lung function test. This is plausible, since
the diagnosis is an integrative measure of both, and an
association for the given outcomes is lost if the inter-
mediate variable is included in the model.

Overall, the follow-up results are in concordance with
several population-based studies that documented the
association of an impaired performance in the respira-
tory function test, respiratory symptoms, or a diagnosis
of chronic bronchitis and an increased mortality [22–27].
Furthermore, a positive association between chronic
bronchitis and disability has been found in a population-
based follow-up study [28]. A previous study from Ger-
many [29] also reported that respiratory tract ailments
were found several years before early retirement due to
permanent disability, or premature death.
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Table 6.  –  Relative risk (RR) and 95% confidence inter-
val (95% CI) for the occurrence of disability and mortal-
ity in the follow-up period as evaluated with all three
morbidity measures in one model

Disability Mortality
Morbidity measure* RR‡ (95% CI) RR‡ (95% CI)

Pathological findings 1.7 (1.1–2.6) 2.0 (1.1–3.6)
on lung auscultation

FEV1 % pred
≥100 1* 1*
≥70–<100 1.4 (1.0–1.8) 1.6 (1.1–2.5)
≤69 2.5 (1.7–3.0) 2.3 (1.2–4.3)

COPD (ICD-9 0.9 (0.5–1.4) 1.3 (0.7–2.5)
460–469)

*: reference category: absence of the respective measure, or,
for FEV1 subjects with a value ≥100% pred; ‡: adjusted for
age, occupation, nationality, company size. For definitions see
legend to table 2.



In other studies, the strong predictive association bet-
ween ventilatory impairment and all-cause mortality was
reported to be due mainly to circulatory diseases and
neoplasms [30], or mortality from respiratory and cardio-
vascular diseases [31]. Unfortunately, in the present study
we had no information regarding cause of death.

A number of limitations have to be considered when
evaluating these results. Firstly, the study is based on
analysis of a routinely performed examination conduct-
ed by a large number of occupational health physicians.
Despite standardized documentation, there remains some
possibility for subjective judgement, especially regard-
ing the abnormal clinical findings on lung auscultation.
Reliability of this measure seems to be rather limited
[32]. In addition, the diagnostic criteria for COPD may
not be the same in all participating health centres. How-
ever, this potential misclassification would most likely
have diluted rather than increased the observed associa-
tions. Other limitations include selection mechanisms of
workers for inclusion in the study. A problem inher-
ent in all prevalence studies is that workers with the dis-
ease, possibly aggravated by a job-related exposure, may
change jobs. This potential healthy worker effect might
also have led to some underestimation of excess morbi-
dity among construction workers compared with white-
collar employees.

Furthermore, information on smoking and results of
lung functions test were not collected in all employees.
Lack of information, however, was strongly associated
with the location of the health centre and not with pro-
fession or other personal factors; therefore, the intro-
duction of selection bias seems unlikely. Regarding the
cross-sectional part of the study, the size of the reference
group was comparatively small, but it reflects the pro-
portion of white-collar employees to blue-collar workers
in the construction industry, especially in small compa-
nies.

Despite these limitations, this study reveals morbidity
patterns of chronic respiratory diseases in the construc-
tion industry and gives an indication that, in addition to
possible occupational factors, smoking contributes most
to the prevalence described. Furthermore, the study dem-
onstrates the predictive value of the morbidity mea-
surements used on permanent disability and all-cause
mortality. These measures may, therefore, help to iden-
tify employees at high risk, who might benefit most from
secondary prevention measures. Such measures may be
targeted on the behaviour of the individuals, the work
environment, and on rehabilitation measures.
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