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Abstract  

Background: Chronic obstructive pulmonary disease (COPD) due to occupational exposures 
remains an important public health problem taking significant toll on the global burden of the 
disease.  

Aim: In order to assess chronic prevalence and characteristics of COPD in bricklaying we 
performed a cross-sectional study including 47 never-smoking male bricklayers (aged 34 to 57 
years) and an equal number of never-smoking male office workers studied as a control.  

Methods: Evaluation of examined subjects consisted of completion of a questionnaire, baseline 
spirometry, and bronchodilator reversibility testing.  

Results: We found higher prevalence of respiratory symptoms in bricklayers with significant 
difference for cough and phlegm. Majority of the chronic respiratory symptoms in bricklayers were 
work-related. The mean values of all measured spirometric parameters in bricklayers were 
significantly lower than in office workers. The prevalence of COPD was significantly higher in 
bricklayers than in office workers (14.9% vs. 4.3%, P = 0.034). COPD in both examined groups was 
close related to age over 45 years, while in bricklayers significant association was registered for 
duration of occupational exposure longer than 20 years and work-related respiratory symptoms.  

Conclusion: Our findings support data about relationship between occupational exposure to 
inorganic dust and fumes in construction workers and persistent airflow limitation.  

 

 

 

 

 
 

  

Introduction 

There is strong evidence that chronic 
obstructive pulmonary disease (COPD) due to 
occupational exposures have markedly increased 
during the last decades becoming a major cause of 
morbidity in many occupations, as well as a relevant 
public health problem [1-3].  

Despite that tobacco smoke is undoubtedly 
the main cause of COPD, results from epidemiological 
studies indicates that population attributable fraction 
for COPD related to workplace exposures to dusts, 
gases, vapors, and fumes may be 15-20% in overall 
population and about 30% in never smokers (4, 5). 
Epidemiological studies have indicated increased risk 

for COPD in a number of occupations, including 
rubber, plastics, leather, textile, and paper 
manufacture, wood industry, transportation, mining, 
and construction [6, 7]. In regard to the occupational 
exposures, statistically significant association with 
COPD was demonstrated with exposure to asbestos, 
silica, welding fumes, cement dusts, and some tasks 
associated with exposures to paints, solvents, and 
removal of paints [8]. Furthermore, Bergdahi et al. [9] 
demonstrated an increased mortality from COPD in 
construction workers exposed to inorganic dust that 
was more expressed in never smokers. In addition, 
the experimental studies have demonstrated that 
several agents (e.g., mineral dusts, vanadium, 
endotoxin, ozone, and sulphur dioxide) are capable of 
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inducing chronic bronchitis (CB) in animal models [10-
13]. The list of agents that can cause emphysema in 
animal model includes several ones for which there is 
also epidemiological evidence in exposed 
occupational cohorts (e.g., cadmium, coal, silica, and 
endotoxin) [14].    

In opposite to occupational asthma (OA), 
COPD does not have a clinical subcategory that is 
clearly identified as occupational, because the 
persistent and progressive airflow limitation does not 
reverse when exposure is discontinued, so the clinical 
diagnosis of occupational COPD using methods 
similar to those used for OA diagnosis is not feasible. 
Epidemiological identification of occupational COPD is 
based on documenting excess occurrence of COPD 
among exposed workers in certain occupations [15, 
16]. 

In the present study we aimed at assessment 
of prevalence and characterstics of  COPD in never-
smoking bricklayers.    

 

Methods 

  Study design and setting 

A cross-sectional study was carried out in the 
Department of Cardiorespiratory Functional 
Diagnostics at the Institute for Occupational Health of 
R. Macedonia, Skopje - WHO Collaborating Center for 
Occupational Health and GA

2
LEN Collaborating 

Center in the period September 2012 – April 2013. 
Prevalence of chronic respiratory symptoms, mean 
values of spirometric parameters, and prevalence of 
COPD was compared between a group of never-
smoking male bricklayers and a group of never-
smoking male office workers. The study protocol was 
approved by the ethics committee of the institution 
and each subject gave an informed consent before 
entering the study. 

 

Subjects 

We examined 47 male bricklayers aged 34 to 
57 years, employed in a big company for surface 
construction with duration of employment 12 to 28 
years. They worked in one working shift lasting 8 
hours and their working tasks included building of 
structures from individual units laid in and bound 
together by mortar. The common materials of their 
work include brick, concrete, stone, whitewash, 
granite, travertine, marble, man-made mineral fibres 
etc. Brick and concrete block, either weight-bearing or 
a veneer, were the most common types of bricklaying 
in use in their day-to-day work. Their work activities 
included outdoor works, as well as working at heights. 
The process control provided keeping of the 
exposures at the permissible levels. The protective 
equipment during the working included protective 
clothing, gloves, and masks (i.e., disposable non-
woven dust masks without valve). According to the 

classification of occupational muscular work the 
bricklaying was classified as a heavy-to-very heavy 
muscular work [17]. All examined bricklayers were 
never smokers, i.e. non-smokers who have never 
smoked at all, or have never been daily smokers and 
have smoked less than 100 cigarettes in their lifetime 
[18, 19].  

 In addition, an equal group of never-smoking 
male office (administrative) workers matched to 
construction workers by age was studied as a control. 
According to the classification of occupational 
muscular work their work was classified as a 
sedentary work.   

 In either group there were no subjects with 
chronic respiratory disease diagnosed by physician 
(i.e. asthma, COPD, bronchiectasis, etc.), neither 
subject treated with bronchodilators and/or 
corticosteroids. In either group also there were no 
subjects in whom spirometry or bronchodilator 
reversibility testing was contraindicated [20, 21]. 

 

 Questionnaire 

An interviewer-led questionnaire was completed by all 
study subjects. The questionnaire included questions 
on work history (e.g., chronological list of jobs; 
description of job activities at the actual workplace; 
type, extent and duration of exposure; and use of 
protective equipment), respiratory symptoms in the 
last 12 months and their relatedness to the workplace, 
chronic respiratory diseases diagnosed by physician, 
family history of COPD and CB (taking into account 
the first-degree relatives), environmental exposure to 
tobacco smoke (ETS), accompanying disease, and 
medication use.  

 Respiratory symptoms in the last 12 months 
(cough, phlegm, dyspnea, wheezing, and chest 
tightness) were documented using the European 
Community for Coal and Steel questionnaire (ECCS-
87), and the European Community Respiratory Health 
Survey (ECRHS) questionnaire [22, 23]. The work-
relatedness of the respiratory symptoms was defined 
as more than usual cough, phlegm, dyspnea, 
wheezing, and chest tightness during daily work [24].   

 ETS or passive smoking or second-hand 
smoking was defined as an exposure to tobacco 
combustion products from smoking by others (at 
home, workplace, etc.), i.e. as a presence of at least 
one smoker in the household and/or in the workplace 
[25, 26]. In addition, passive smokers were divided in 
two groups regarding the number of hours per day 
they were exposed to ETS (less or more than four 
hours per day).  

 

  Baseline spirometry 

  The baseline spirometry, including measures 
of forced vital capacity (FVC), FEV1, FEV1/FVC, and 
maximal expiratory flow at 50%, 25%, and 25-75% of 
FVC (MEF50, MEF25, and MEF25-75, respectively), was 
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performed in all subjects using spirometer Ganshorn 
SanoScope LF8 (Ganshorn Medizin Electronic GmbH, 
Germany) with recording the best result from three 
measurements the values of FEV1 of which were 
within 5% of each other. The results of spirometry 
were expressed as percentages of the predicted 
values according to the actual recommendations of 
European Repsiratory Society (ERS) and American 
Thoracic Society (ATS) [20, 21]. The combined 
reference equations for people aged 18 to 70 years, 
with a height range of 155-190 cm in males, published 
in the 1993 ERS statement [27] were used for deriving 
predicted values.      

 

  Bronchodilator reversibility testing 

  Bronchial reversibility testing was performed 
according to the actual GOLD spirometry guide [20]. 
Spirometric measurements were performed before 

and 20 minutes after administration of 400 g 
salbutamol by metered dose inhaler through spacer. 
Fixed airflow narrowing characteristic for COPD was 
considered if post-bronchodilator FEV1/FVC remained 
less than 0.70. The degree of FEV1 reversibility was 
expressed as % FEV1 reversibility ([post-
bronchodilator FEV1 – pre-bronchodilator FEV1] / pre-
bronchodilator FEV1 x 100). Significant FEV1 

improvement (a change more than 12% and more 
than 200 mL) in the presence of fixed airflow limitation 
did not negate a diagnosis of COPD.          

 

COPD diagnosis 

The diagnosis of COPD was established 
according to the actual GOLD recommendations [28], 
i.e., COPD was considered by the presence of a post-
bronchodilator FEV1/FVC less than 0.70 suggesting 
persistent airflow limitation in the subjects who had 
dyspnea, chronic cough or sputum production, and/or 
a history of exposure to risk factors for the disease 
(tobacco smoke, smoke from home cooking and 
heating fuels, and/or occupational dusts and 
chemicals).  

 

  Statistical analysis 

  Continuous variables were expressed as 
mean values with standard deviation (SD), and the 
nominal variables as numbers and percentages. 
Analyses of the data involved testing the differences 
in prevalence, comparison of the means, and testing 
the association between COPD and studied variables. 
Chi-square test (or Fisher’s exact test where 
appropriate) was used for testing difference in the 
prevalence. Comparison of spirometric measurements 
was performed by independent-samples T-test. Chi-
square test was used for testing association between 
COPD and studied variables.  A P-value less than 
0.05 were considered as statistically significant. 
Statistical analysis was performed using the Statistical 

Package for the Social Sciences (SPSS) version 11.0 
for Windows. 

 

Results 

  Results 

  Demographic characteristics of the study 
subjects were similar in both examined groups (Table 
1). 

Table 1: Demographics of the study subjects. 

Variable Bricklayers 

(n = 47) 

Office workers 

(n = 47) 

Age (years) 

Less than 45 years 

More than 45 years 

46.2  4.9 

21 (44.7%) 

26 (55.3%) 

45.3  6.2 

24 (51.1%) 

23 (48.9%) 

 

BMI (kg/m
2
) 

BMI less than 25 

BMI more than 25 

 

Duration of employment (years) 

Duration of employment  

less than 20 years 

Duration of employment 

more than 20 years 

 

Former employment in dusty trades 

 

25.7  3.8 

25 (53.2%) 

22 (46.8%) 

 

20.8  5.7 

23 (48.9%) 

 

24 (51.1%) 

 

 

11 (23.4%)  

 

26.1  3.4 

22 (46.8%) 

25 (53.2%) 

 

18.9  7.2 

26 (55.3%) 

 

21 (44.7%) 

 

 

/ 

 

Family history of COPD or CB 

 

Environmental ETS 

Exposed less than 4 hours 

Exposed more than 4 hours 

 

Accompanying diseases 

Arterial hypertension 

Diabetes mellitus type 2 

Peptic ulcer 

 

 

5 (10.6%) 

 

19 (40.4%) 

11 (23.4%) 

8 (17.0%) 

 

 

6 (12.8%) 

2 (4.3%) 

5 (10.6%) 

 

3 (6.4%) 

 

17 (36.2%) 

8 (17.0%) 

9 (19.1%) 

 

 

8 (17.0%) 

3 (6.4%) 

3 (6.4%) 

 

Numerical data are expressed as mean value with standard deviation; frequencies as number and 

percentage of study subjects with certain variable.  

BMI: body mass index; kg: kilogram; m: meter; COPD: chronic obstructive pulmonary disease; CB: 

chronic bronchitis; ETS: exposure to tobacco smoke. 

 

 Prevalence of overall respiratory symptoms in 
the last 12 months was higher in bricklayers but 
statistical significance was not reached. Significantly 
higher prevalence in bricklayers was registered for 
cough and phlegm (Table 2). 

Table 2: Prevalence of respiratory symptoms in the last 12 

months in the study subjects. 
 

Respiratory symptoms  

in the last 12 months 

Bricklayers  

(n = 47) 

Office 

workers    

(n = 47) 

P-

value* 

 

Overall respiratory symptoms  

in the last 12 months 

 

21 (44.7%) 

 

14 (24.8%) 

 

0.108 

Cough 16 (34.0%) 7 (14.9%) 0.041 

Phlegm  9 (19.1%) 2 (4.3%) 0.017 

Dyspnea 7 (14.9%) 4 (8.5%) 0.094 

Wheezing 

Chest tightness 

8 (17.0%) 

5 (10.6%) 

5 (10.6%) 

6 (12.8%) 

0.139 

0.248 

    

Data are expressed as number and percentage of study subjects with certain variable. 

*Tested by Chi-square test (or Fisher’s exact test where appropriate). 

 

 Work-relatedness of respiratory symptoms in 
the last 12 months in bricklayers and office workers is 
shown on Figure 1. The majority of respiratory 
symptoms in the last 12 months in bricklayers were 
reported as work-related symptoms (80.9%). The 
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highest relatedness with workplace in bricklayers was 
reported for cough (72.9%) and phlegm (88.9%). 
Work-relatedness of respiratory symptoms was 
reported by three office workers (21.4%) with 
respiratory symptoms in the last 12 months, i.e., work-
related cough was reported by one office worker with 
cough (14.3%),   work-related dyspnea was reported 
by one office worker with dyspnea (25.0%), and work-
related chest tightness was reported by one office 
worker who reported this symptom (16.7%). 
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Figure 1: Work-relatedness of respiratory symptoms in the last 12 

months in the study subjects. 

 

The mean baseline values of all spirometric 
parameters were significantly lower in bricklayers 
(Table 3). 

 

Table 3: Mean baseline values of spirometric parameters in the 

study subjects. 
 

Spirometric 

parameter 

Bricklayers 

(n = 47) 

Office 

workers 

(n = 47) 

P-value* 

 

FVC (%pred) 

FEV1 (%pred) 

FEV1/FVC 

MEF50 (%pred) 

MEF25 (%pred) 

MEF25-75 (%pred) 

 

 

88.1  10.4
 

81.7  8.9
 

0.73  0.04
 

68.1  15.3
 

62.9  14.8
 

64.5  15.1
 

 

 

96.4  9.2 

88.1  11.2 

0.78  0.07 

77.4  12.9 

71.6  11.3 

73.6  16.7 

 

0.037 

0.031 

0.026 

0.009 

0.010 

0.008 

Data are expressed as mean value with standard deviation. FVC: forced vital capacity; 

FEV1: forced expiratory volume in one second; MEF50, MEF25, MEF25-75: maximal 

expiratory flow at 50%, 25% and 25-75% of FVC, respectively; % pred: % of predicted 

value. *Compared by Independent-samples T-test. 

 

The mean post-bronchodilator values of all 
spirometric parameters also were significantly lower in 
bricklayers (Table 4). The mean FEV1 reversibility 
(%FEV1 reversibilty) was significantly higher in 
bricklayers (10.8% vs. 4.9%, P = 0.028; Independent-
samples T-test). 

Seven subjects among bricklayers and two 
subjects among office workers met criteria for 
diagnosis of COPD (14.9% vs. 4.3%, P = 0,034; 
Fisher’s exact test) (Figure 2). All bricklayers with 
COPD and none of the office workers with COPD 

reported work-relatedness of their symptoms. 
According to the GOLD 2010 classification of COPD 
severity [29], five subjects with COPD among 
bricklayers and all subjects with COPD among office 
workers can be categorized as a mild COPD 

(FEV1/FVC < 0.70; FEV1  80% predicted) and two 
subjects with COPD among bricklayers can be 
categorized as a moderate COPD (FEV1/FVC < 0.70; 

50%  FEV1 < 80% predicted). 

 

Table 4: Mean post-bronchodilator values of spirometric 
parameters in the study subjects. 

Spirometric parameter Bricklayers 

(n = 47) 

Office workers 

(n = 47) 

P-value* 

 

FVC (%pred) 

FEV1 (%pred) 

FEV1/FVC 

MEF50 (%pred) 

MEF25 (%pred) 

MEF25-75 (%pred) 

 

 

90.2  12.9
 

83.3  9.6
 

0.74  0.02
 

71.4  18.6
 

63.6  16.3
 

65.8  17.4
 

 

98.8  10.4 

89.9  12.7 

0.79  0.06 

78.7  14.7 

73.1  13.9 

75.1  15.2 

 

0.034 

0.042 

0.029 

0.021 

0.009 

0.007 

Data are expressed as mean value with standard deviation. FVC: forced vital capacity; 

FEV1: forced expiratory volume in one second; MEF50, MEF25, MEF25-75: maximal 

expiratory flow at 50%, 25% and 25-75% of FVC, respectively; % pred.: % of predicted 

value. *Compared by Independent-samples T-test. 

 

 COPD was significantly associated with age 
more than 45 years in both bricklayers (P = 0.027; 
Chi-square test) and office workers (P = 0.043; 
Fisher’s exact test). Significant association in 
bricklayers was registered between COPD and 
duration of employment more than 20 years (P = 
0.018; Chi-square test) and work-related respiratory 
symptoms (P = 0.038; Chi-square test). Associations 
between COPD and other variables (e.g., BMI, family 
history of COPD or CB, and environmental ETS) were 
statistically non-significant in both bricklayers and 
office workers. Association between COPD and 
former employment in dusty trades in bricklayers was 
also statistically non-significant.  
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Figure 2: Prevalence of COPD in the study subjects. 

 

Discussion 

  COPD is one of the leading causes of 
morbidity and mortality worldwide, with smoking being 
the most important predisposing factor, followed by 
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occupational and environmental exposures. In the 
present study we assessed the impact of specific 
occupational exposure in never-smoking bricklayers 
on developing of COPD. A group of never smoking 
male office workers with similar age to bricklayers 
were studied as a control. 

  The examined groups included subjects with 
similar demographic characteristics. In either group 
there was a large proportion of passive smokers that 
is similar to its prevalence among workers in R. 
Macedonia documented in our previous studies [30, 
31] and indicate still insufficient nationwide smoking 
cessation activities. 

  Occupational exposure in bricklayers included 
inorganic dust, i.e., exposure to silica, sand, concrete, 
and cement dust. Diseases caused by inhalation of 
free crystalline silica include silicosis, pulmonary 
tuberculosis, lung cancer, COPD, and several extra-
pulmonary diseases [32, 33]. Development of 
pulmonary silicosis requires exposure to high dust 
levels for prolonged periods [34, 35]. There is a limited 
data supporting the quantitative relationship between 
silica exposure and COPD at dust levels that appear 
not to cause radiologically detectable silicosis and 
there is still not clear whether the threshold limit 
values for protecting silicosis adequately protects 
workers from developing COPD that may have 
significant public health relevance [33, 35].        

  We found higher prevalence of respiratory 
symptoms in the last 12 months in bricklayers than in 
office workers with significantly higher prevalence of 
cough and phlegm. An excess of acute and chronic 
respiratory symptoms in workers exposed to similar 
occupational exposure is reported in a number of 
studies [36-39]. The majority of respiratory symptoms 
in bricklayers were work-related, reaching more than 
80% for cough, phlegm, and dyspnea. Over the last 
years, several studies indicated that chronic cough is 
one of the most prevalent work-related respiratory 
symptoms and the best-known examples of 
occupations related to the development of cough are 
coal miners, hard-rock miners, tunnel workers, and 
concrete manufacturing workers [40].       

  The mean values of all measured spirometric 
parameters in the present study (FVC, FEV1, 
FEV1/FVC, MEF50, MEF25, and MEF25-75) were 
significantly lower in bricklayers than in office workers. 
Similarly, significantly lower mean values of FVC, 
FEV1, and FEV1/FVC was found in the workers 
exposed to cement dust as compared to non-exposed 
controls in the study conducted by Al-Neaimi et al 
[41]. According to the findings from studies performed 
in the last decades [42, 43], exposure to inorganic 
dust is associated with chronic airflow obstruction 
independent of cigarette smoking and separate from 
other effects of exposure such as pneumoconiosis, 
asthma or hypersensitivity pneumonitis. The changes 
in lung function are dose-related but individual 
susceptibility is also important. According to the 

results of the study carried out by Seixas et al. [44], 
estimated decline in FEV1 in coal miners exposed to 
relatively low levels of coal mine dust was 5.7 mL for 
each mg x m

3
/year of exposure over their working life. 

In addition, Hnizdo et al [45] indicated that the 
estimated effects of cumulative silica dust exposure in 
gold miners has been 10 times greater than those 
seen in coal mining cohorts being more pronounced in 
non-smokers.       

  We performed bronchodilator reversibility 
testing in order to detect subjects with the presence of 
a post-bronchodilator FEV1/FVC less than 0.70, i.e., to 
confirm the diagnosis of COPD. According to the 
actual GOLD recommendations, the post-
bronchodilator spirometry is required for diagnosis 
and assessment of severity of COPD, but the degree 
of reversibility of airflow limitation (e.g., FEV1 

measurements before and after administration of 
bronchodilator) is no longer recommended. The 
degree of reversibility has not be shown to add to the 
diagnosis, differential diagnosis with asthma, or to 
prediction of the response to long-term treatment with 
bronchodilators or corticosteroids [28]. We found 
significantly higher COPD prevalence in bricklayers 
than in office workers that confirms the increased risk 
for developing COPD in construction jobs. COPD in 
both examined groups was close related to age over 
45 years probably reflecting the sum of cumulative 
exposures throughout the life in susceptible subjects. 
We found significant association between COPD and 
duration of occupational exposure in bricklayers. 
Similar findings were reported in several studies that 
investigated the dose-response relationship between 
occupational exposure to inorganic dist and 
developing of COPD [35-37]. COPD in bricklayers 
was strongly linked to the work-related respiratory 
symptoms. In the study conducted by Meijer et al. [24] 
aimed at creation of a validated and structured 
medical questionnaire for occupational lung disease, 
the work-related respiratory symptoms, besides 
shortness of breath, wheeze, and heavy smoking, 
were identified as a significant independent 
determinant of COPD. 

The findings in this study are subjects to at 
least three limitations. First, relatively small number of 
the subjects in the study groups could have certain 
implications on the data obtained and its 
interpretation. Second, environmental measurements 
were not performed, so we could not document the 
effect of the type and the level of exposure on COPD. 
Third, as in the case of any cross-sectional study, the 
impact of healthy workers’ effect on the data obtained 
could not be excluded. The healthy-workers’ effect 
(HWE) is the most common selection bias in 
occupational studies occurring because relatively 
healthy individuals are likely to gain employment and 
to remain employed and it may partially or completely 
mask excess mortality and morbidity caused by 
harmful exposure. The strength of the study is the 
investigation of respiratory effects of occupational 
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exposure on never-smoking workers performing one 
of the specific construction jobs.      

In conclusion, in a cross-sectional study 
including never-smoking bricklayers we found a higher 
prevalence of respiratory symptoms in the last 12 
months, significantly highly mean values of 
spirometric parameters, and significantly higher 
prevalence of COPD than in matched office workers. 
COPD in bricklayers was significantly associated with 
age over 45 years, duration of occupational exposure 
longer than 20 years, as well as with work-related 
respiratory symptoms. Our findings support data from 
other studies about relationship between occupational 
exposure to inorganic dust and fumes in construction 
workers and persistent airflow limitation and indicate 
the need of reduction of adverse occupational 
exposures via proper engineering controls and/or 
respiratory protective equipment.   
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