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Abstract

Background: A 2010 study of construction workers participating in medical

screening programs at the Department of Energy (DOE) nuclear facilities demon-

strated increased chronic obstructive pulmonary disease (COPD) risk. The current

study of a larger worker cohort allowed for a more nuanced analysis of COPD risk,

including for employment beginning after the mid‐1990s.
Methods: Study participants included 17,941 workers with demographic and

smoking data and spirometry with a minimum of three recorded expiratory efforts

and reproducibility of forced vital capacity (FVC) and forced expiratory volume in

1 s (FEV1) of 0.2 L or less. COPD was defined as a FEV1/FVC ratio below the lower

limit of normal using established prediction equations without use of bronchodila-

tion. Stratified analyses explored COPD prevalence by demographic variables and

trade. Logistic regression analyses assessed risks by trade and time periods of trade

and DOE site work, controlling for age, gender, race/ethnicity, body mass index, and

smoking.

Results: Overall COPD prevalence was 13.4% and 67.4% of cases were classified as

moderate to severe. Compared to nonconstruction workers, construction trade

workers were at significantly increased risk of all COPD (OR = 1.34, 95%

CI = 1.29–1.79) and even more so for severe COPD (OR = 1.61, 95% CI = 1.32–1.96).

The highest risk trades were cement masons/bricklayers (OR = 2.36; 95%

CI = 1.71–3.26) and roofers (OR = 2.22; 95% CI = 1.48–3.32). Risk among workers

employed after 1995 was elevated but not statistically significant.

Conclusions: Construction workers are at increased COPD risk. Results support the

prevention of both smoking and occupational exposures to reduce these risks. While

the number of participants employed after 1995 was small, patterns of risk were

consistent with findings in the overall cohort.
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1 | INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a heterogeneous

disease, with involvement of both large and small airways, and in-

cludes both chronic bronchitis and emphysema.1–4 Data from the

U.S. National Health and Nutrition Examination surveys for

2007–2010 estimated a population prevalence of 13.5% for an ob-

structive impairment determined by spirometry.5 COPD is ranked as

the third leading cause of death in 2010.6,7

The etiology of COPD is complex and the biology of COPD is still

poorly understood, although abnormal inflammatory response to

inhaled gases and particulates is thought to be a primary mechan-

ism.2 Tobacco smoke is a complex mixture of particles and gases and

is the major risk factor for COPD, with an estimated population

attributable fraction (PAF) of 80%–90%.8 However, only 15%–20%

of smokers develop COPD9,10 and a significant fraction of all COPD

cases and COPD‐related mortality occurs among non‐smokers.11

An estimated 15%–30% of COPD cases are attributable to oc-

cupational exposures and the PAF may be over 50% among never

smokers.11–17 Increased COPD risk has been associated with a wide

spectrum of occupational exposure agents, including organic and

inorganic dusts generally,2 coal dust,18 asbestos,19 silica,20 welding

and cutting gases and fumes,14,21 cement dust,22,23 diesel ex-

hausts,24,25 spray painting,26,27 organic solvents,28–30 asphalt

fumes,31 pesticides,32,33 and possibly man‐made mineral fibers.34

This list of agents is not exhaustive; however, construction workers

are exposed to many of these agents. Increased COPD morbidity and

mortality risk have been observed among workers exposed to com-

plex mixtures defined generally as “vapors, gases, dusts, and fumes”

(VGDF).2,3,12,12,24,35–39 Construction workers are exposed to a

complex mixture of VGDF and are at increased risk for COPD and

COPD‐related mortality.15,40–42

In 1993, Congress added Section 3162 to the Defense Author-

ization Act, calling for the Department of Energy (DOE) to determine

whether workers within the nuclear weapons facilities were at sig-

nificant risk for work‐related illnesses and if so, to provide them with

medical surveillance to permit earlier disease detection. DOE sup-

ported the establishment of independent surveillance programs for

construction workers at the Hanford Nuclear Reservation in

Richland, Washington; the Oak Ridge Reservation in Oak Ridge,

Tennessee; and the Savannah River Site (SRS) in Aiken, South

Carolina in 1996 and 1997. In 1999 the Amchitka nuclear test site in

Alaska was added, and the program has subsequently expanded to

35 DOE sites throughout the United States and consolidated to form

the Building Trades National Medical Screening Program (BTMed).

We previously reported results of a cross‐sectional study of air-

ways obstruction among 7579 construction and trade workers em-

ployed at the U.S. Department of Energy sites and participating in

BTMed.43 We also have reported results of a COPD case–control study

within this worker cohort.17 The overall prevalence of spirometry‐
defined airways obstruction was 13.3% in the earlier cross‐sectional
study, with significantly increased risk for many construction trades.

Increased COPD risk was associated with a number of common

exposures experienced by construction trade workers in the

case–control study, including asbestos, silica, cement dust, paints, or-

ganic solvents, complex exposures from welding and cutting, engine

exhausts, and wood dust. Similar to other published studies, the

strongest predictor of COPD risk was a VGDF exposure metric.

Since the publication of the COPD cross‐sectional study in 2010

and the number of participants has increased substantially. We now

report results from a much larger cohort of BTMed participants

through March 2020. The primary study objectives were to better

define overall COPD risk and risk by COPD severity according to

construction trade, while controlling for important confounders in-

cluding cigarette smoking, and to investigate trends in risk by time

periods of construction trade work and DOE site employment.

Previously we also published on the longitudinal decline in lung

function among a much smaller cohort of 3150 workers with re-

peated spirometry from this cohort.44 It showed that in addition to

occupational exposures, findings of parenchymal disease associated

with occupational exposures increased the risk of COPD.

The aims of this study and the BTMed program are to provide

information useful for the identification, treatment, and attribution

of occupational diseases and to inform prevention efforts for risk

reduction.

2 | MATERIALS AND METHODS

2.1 | BTMed program and medical protocol

Prior reports have described the work history and medical components

of the BTMed program.43,45–48 Participation in the BTMed is voluntary

and without cost to workers. Workers potentially eligible for partici-

pation are identified through multiple sources including union rosters,

contractor records where available, media advertisement, and pre-

sentations at worker meetings. BTMed operates a website (http://www.

btmed.org) to provide workers with information about the program,

instructions for participation, and health information. Ten outreach

offices are located in regions with major DOE sites.

The BTMED protocol includes a detailed work history interview

followed by medical examinations performed by local medical providers

who meet credentialing requirements and adhere to a detailed protocol.

The work history interview is conducted in person or by telephone by

trained interviewers, most of whom were retired trade and craft

workers, using computer‐driven screens. Before the interview, workers

are given a list of questions to help them recall their work and ex-

posures. The work history documents periods of employment and jobs

held at DOE sites and non‐DOE sites, frequency of performing or

working near high‐hazard work tasks, such as sandblasting or asbestos

insulation application or removal, frequency working with or around

high‐hazard materials such as asbestos, silica, or beryllium, and work in

buildings or areas associated with potential exposures to hazardous

materials or where known exposure incidents or emergencies oc-

curred.43 In addition to the initial examination, workers are eligible for

follow‐up examinations every 3 years.
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The BTMed respiratory examination includes a respiratory his-

tory and symptom questionnaire; a posterior–anterior (P–A) chest

radiograph, classified by a B‐reader according to International

Labour Office (ILO) Classification of Radiographs of Pneumoco-

niosis49,50; and spirometry. The respiratory history and symptom

questionnaire were adapted from the American Thoracic Society

(ATS) DLD‐78 questionnaire.51 All participating medical facilities

agreed to obtain spirometry according to ATS standards and quality

control procedures were in place for all medical data.43

2.2 | Study population and COPD case definition

The study cohort consisted of 17,941 workers completing one or

more BTMed examinations through March 2020. Each worker's most

current examination meeting the following criteria was selected: (1)

not missing demographic data (age, race, sex, height, and smoking

history); and (2) spirometry with a minimum of three recorded ex-

piratory efforts and reproducibility of forced vital capacity (FVC) and

forced expiratory volume in 1 s (FEV1) of 0.2 L or less.52 For the

multivariate regression analyses, we excluded 69 worker examina-

tions that missed data on body mass index (BMI).

In clinical practice, COPD is diagnosed based on a combination of

symptoms and pulmonary function, often including post‐bronchodilator
spirometry. However, most prior epidemiologic studies of worker po-

pulations, including the BTMed cohort, have used an epidemiologic case

definition for COPD based on spirometry without bronchodilation, and

we have adopted this definition for the current study.13,24,53 The ATS/

ERS Task Force54 recommends identification of airway obstruction

based on an FEV1/FVC ratio below the lower limit of normal (LLN) to

avoid age‐related misclassification associated with the use of a fixed

FEV1/FVC ratio.55–58 COPDwas defined as a FEV1/FVC ratio below the

LLN using the prediction equations of Hankinson et al.59 without use of

bronchodilation. For Asian‐Americans, a correction factor of 0.88 was

applied to calculate the LLN for FEV1.
54 Among those with COPD by

the LLN criteria, severity (mild to very severe) was further classified

by stage based on percent predicted FEV1 categories defined by the

ATS/ERS Task Force60 as follows:

ATS/ERS Task Force COPD Severity Category

FEV1%

predicted

Mild ≥70

Moderate 60–69

Moderately Severe 50–59

Severe 35–49

Very Severe <35

Of the 17,941 workers included in the current analyses, 17,785

(99.1%) had a posterior–anterior (P–A) chest radiograph, classified

according to ILO criteria. A parenchymal abnormality was defined as

a profusion score of 1/0 or greater for any shape or size of small

opacity. Pleural abnormalities were defined as the presence of

unilateral or bilateral pleural thickening consistent with

pneumoconiosis.

Hypertension was defined using measurements taken at ex-

amination (systolic > 140 or diastolic > 90). BMI was calculated using

examination recorded height and weight measurements. History of

physician‐diagnosed asthma, chronic bronchitis, and emphysema

were taken from the medical history. Respiratory symptoms of

cough, phlegm, and dyspnea were defined using the respiratory

symptom questionnaire based on the following criteria:

• Chronic Cough—“Yes” to “Do you usually have a cough?” and “Yes”

to “Do you usually cough like this on most days for 3 consecutive

months or more during the year?”

• Chronic Phlegm—“Yes” to “Do you usually bring up phlegm from

your chest?” and “Yes” to “Do you bring up phlegm like this on

most days for 3 consecutive months or more during the year?”

• Dyspnea—“Yes” to “Do you walk slower than people your age

because of breathlessness?” or a positive answer to additional

questions showing more severe shortness of breath.

Smoking status and pack‐years were taken from the participant's

reported medical and respiratory histories. A history of having

smoked was based on a yes response to the question—“Have you

ever smoked cigarettes? (NO means less than 20 packs of cigarettes

or 12 oz of tobacco in a lifetime or less than 1 cigarette a day for

1 year)”.

2.3 | Statistical analyses

Stratified analyses were used to explore COPD prevalence by trade

and DOE site. Workers with and without COPD were compared for

demographic characteristics and prevalence of respiratory symp-

toms, chest X‐ray changes by ILO criteria, smoking history, and other

respiratory diagnoses. Descriptive analyses include prevalence va-

lues (%) or mean values ± standard errors of the mean (SE) for con-

tinuous variables. Continuous variables were compared by analysis

of variance (ANOVA). The Wilcoxon rank‐sum tests were employed

for comparing continuous variables that departed significantly from a

normal distribution. Dichotomous variables were compared using the

χ2 test of general association. Ordinal categorical data were com-

pared using the Cochran–Armitage test for trends or the Spearman

correlation test for variables with more than two categories. In all

tests, p < 0.05 were considered statistically significant.

COPD prevalence for all DOE sites and trade groups included

within BTMed program are presented; however, site and trade‐
specific results are presented only for groups with at least

100 participants and a minimum of 10 COPD cases for statistical

stability of point estimates.

Multivariate analyses explored COPD risks for all construction

trades and by the construction trade group. Logistic models that

controlled for age (centered on the population mean), gender, race/
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ethnicity (Caucasian, African American, Hispanic, All Other), smoking

status (Current, Former, Never), smoking pack‐years, and BMI were

developed. We explored both linear and spline effects for all con-

tinuous variables (age and BMI) and used Model Akaike Information

Criterion (AIC) to evaluate covariates and to compare models.

Separate binomial models investigated the risk of all COPD and risk

of moderate to very severe COPD by construction trade.

The internal reference category used for calculation of COPD

odds ratios (ORs) for construction trades was all nonconstruction

workers (n = 3224), and includes occupations such as office, security,

scientific, mining, and production workers. The mining sites were

Yucca Mountain and Amchitka, neither of which extracted mineral

commodities such as uranium, coal, and so forth. Most BTMed par-

ticipants at these mining sites were craft and support workers and

would have had less potential for VGDF exposures compared to

drillers and miners. Overall, only 4% of workers in the reference

category were in jobs classified as drillers or miners.

In addition to binomial logistic models, a multinomial logistic model

investigated trends in COPD risk by ATS/ERS Task Force severity ca-

tegory. Three severity categories were used in the multinomial models

to avoid cells with small numbers of cases (mild, moderate, and mod-

erately severe to very severe). The multinomial model included the

same covariates as the binomial models described above.

Relatively few construction trade workers in the BTMed cohort

were employed their entire career at a DOE site. Additionally, in the

mid‐1990s, DOE began a program to significantly enhance occupa-

tional safety and health programs and exposure controls at most

DOE sites.61 We used the BTMed work history information to fur-

ther explore COPD risk by DOE site work duration and time period.

Logistic models were used to estimate unadjusted and adjusted ORs

for all COPD and moderate to very severe COPD for each sub-

population described below:

• Construction trade workers with ≤5 years non‐DOE but could

have worked at DOE before or after 1995 (N = 8142).

• Construction trade workers with only ≥1995 DOE work but could

have worked outside of DOE before or after their DOE employ-

ment (N = 2770).

• Construction trades worker with ≤5 years non‐DOE work and

only ≥1995 DOE work (N = 1125).

All statistical analyses were performed using SAS Version 9.4.62

3 | RESULTS

3.1 | Descriptive and stratified analyses

The study population included 17,941 workers and 2401 spirometry‐
defined COPD cases, for an overall prevalence of 13.38%. Of the

2401 COPD cases, 67.3% were classified as moderate to very severe

(Table 1). Demographics and clinical characteristics of the study

population overall and by COPD status are presented in Table 2. The

study population was predominately male (91.8%) and Caucasian

(84.7%). The Mean age at examination was 63 years and workers

with COPD were on average 2 years older than those without COPD.

Mean years in construction trades was 26.2 years and mean years of

work at a DOE site was 9.7 years. COPD case status was significantly

associated with cigarette smoking, respiratory symptoms (cough,

phlegm, and dyspnea), history of physician‐diagnosed respiratory

diseases (asthma, chronic bronchitis, and emphysema), and chest film

changes consistent with pneumoconiosis by ILO criteria. Similar to

other studies, mean BMI was significantly higher in those without

COPD. Uncontrolled hypertension at examination was not asso-

ciated with COPD.

Table 3 provides estimates of COPD prevalence stratified by

demographic data and ILO B‐reader category. All COPD and mod-

erate to very severe COPD prevalence increased rapidly after age

40, was higher among males and among Caucasians. While COPD

prevalence was strongly associated with smoking status, the pre-

valence of all COPD was 5.61% among never smokers. COPD pre-

valence was much higher among those with pleural and/or

parenchymal changes by ILO criteria.

COPD prevalence was 14.16% for all construction trades com-

bined compared to 9.83% for all nonconstruction jobs (Table 4). All

construction trades except the miscellaneous category (Other con-

struction trades NEC—not elsewhere classified) had a prevalence of

all COPD in excess of 10%. Prevalence was very high among roofers

(23.26%) and among workers in the trade group cement mason/brick

mason/plasterer (22.73%). Patterns were similar for moderate to

very severe COPD, where the prevalence was 17.13% for cement

masons, brick masons, and plasterers and 16.28% among roofers.

3.2 | Multivariate analysis by trade and periods
of employment

Evaluation of age and BMI as both linear and restricted cubic spline

effects in the logistic models found no improvement in model fit with

TABLE 1 COPD cases by severity

COPD severity

category

FEV1 % predicted

criteriaa N (%)

Mild ≥70 786 (32.8)

Moderate 60–69 451 (18.8)

Moderately Severe 50–59 373 (15.5)

Severe 35–49 503 (21.0)

Very Severe <35 288 (12.0)

All COPD prevalence by FEV1/FVC LLN criteria 2401 (13.38)

Abbreviations: ATS/ERS, American Thoracic Society/European

Respiratory Society; COPD, chronic obstructive pulmonary disease;

FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity;

LLN, lower limit of normal.
aFEV1 categories as defined by the ATS/ERS Task Force.60
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TABLE 2 Study population
demographics and clinical data by COPD
case status

Parameter

Overall study

population

COPD cases

(N = 2401)

No COPDa

(N = 15,540) p valueb

Mean age (SE) 63.0 (0.09) 64.9 (0.24) 62.7 (0.10) <0.0001

Male sex (%) 16,474 (91.8) 2211 (92.1) 14,263 (91.8) 0.6127

Caucasian race (%) 15,193 (84.7) 2131 (88.8) 13,062 (84.1) <0.0001

Years at a DOE site,

Mean (SE)

9.7 (0.08) 8.7 (0.21) 9.8 (0.09) <0.0001

Years in construction

trades,c Mean (SE)

26.2 (0.11) 26.3 (0.30) 26.2 (0.12) 0.8068

Spirometry, Mean (SE)

% Predicted FVC 85.3 (0.13) 78.8 (0.43) 86.3 (0.13) <0.0001

% Predicted FEV1 84.9 (0.15) 60.0 (0.41) 88.7 (0.14) <0.0001

FEV1/FVC ratio (%) 74.7 (0.07) 56.2 (0.19) 77.6 (0.05) <0.0001

Respiratory symptom, N (%)c

Cough 6585 (36.7) 1324 (55.1) 5261 (33.9) <0.0001

Phlegm 6354 (35.4) 1343 (55.9) 5011 (32.3) <0.0001

Dyspnea 7355 (41.0) 1497 (62.4) 5858 (37.7) <0.0001

B‐reader, N (%)d

Pleural changes only 1978 (11.0) 348 (14.5) 1630 (10.5) <0.0001

Parenchymal

changes only

330 (1.8) 60 (2.5) 270 (1.7)

Both pleural and

parenchymal

395 (2.2) 85 (3.5) 310 (2.0)

No B‐read results

available

156 (0.9) 19 (0.8) 137 (0.9)

Cigarette smoking, N (%)

Current smoker 3035 (16.9) 802 (33.4) 2233 (14.4) <0.0001

Former smoker 8334 (46.5) 1230 (51.2) 7104 (45.7)

Never smoked 6572 (36.6) 369 (15.4) 6203 (39.9)

Physician diagnosis (ever) (%)

Asthma 2689 (15.0) 711 (29.6) 1978 (12.7) <0.0001

Chronic bronchitis 2118 (11.8) 586 (24.4) 1532 (9.9) <0.0001

Emphysema 1413 (7.9) 686 (28.6) 727 (4.7) <0.0001

Mean BMI (SE)d 29.9 (0.04) 27.8 (0.12) 30.2 (0.05) <0.0001

Hypertension, N (%) 10,850 (60.5) 1429 (59.5) 9421 (60.6) 0.3017

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease;

DOE, Department of Energy; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity;

LLN, lower limit of normal.
aCOPD case definition: FEV1/FVC ratio less than LLN.
bp value comparing COPD cases and non‐cases.
cCough—“Yes” to “Do you usually have a cough?” and “Yes” to “Do you usually cough like this on most

days for 3 consecutive months or more during the year?”

Phlegm—“Yes” to “Do you usually bring up phlegm from your chest?” and “Yes” to “Do you bring up

phlegm like this on most days for 3 consecutive months or more during the year?”

Dyspnea—“Yes” to "Do you walk slower than people your age because of breathlessness?” or a positive

answer to additional questions showing more severe shortness of breath.
dChest X‐ray B‐reader results were not available for 156 workers and BMI missing for 69 workers.
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a spline for age effect but improved fit with a spline effect for BMI.

COPD risk was increased among those with below normal BMI but

decreased among those with elevated BMI, consistent with the

univariate analyses in Table 2. Hypertension was not significantly

associated with the risk of COPD and was dropped from the final

models. An interaction term between smoking pack‐years and con-

struction trade work did not approach statistical significance. After

excluding 69 workers without BMI, 17,872 workers were included in

the logistic models. All logistic models adjusted for age centered on

the population mean, gender, race/ethnicity (Caucasian, African

American, Hispanic, All Other), smoking status (Current, Former,

Never), smoking pack‐years, and BMI as a restricted cubic spline.

Figures 1 and 2 present results of the logistic regression risk

estimates by trade for all COPD and moderate to very severe COPD.

Among all construction trades combined, the risk of all COPD was

significantly elevated with an OR of 1.34 and OR of 1.52 for mod-

erate to very severe COPD. For all COPD, ORs were greater than

unity for all trade groups except the miscellaneous trade category,

with statistically significant excess for all trades except electrician

and machinist. Consistent with the observed crude prevalence data,

ORs in excess of 2.00 for all COPD were observed for roofer and the

cement mason/brick mason/plasterer trade group. Although based

on fewer cases resulting in wider confidence intervals, the same

general patterns by trade were observed for moderate to very

TABLE 3 COPD prevalence by
selected demographic and clinical
characteristics

Parameter and strataa
Number of

workers

All COPDa

prevalence, N (%)

Moderate to very severe

COPDb prevalence, N (%)

Age category

<40 years 552 44 (7.97) 8 (1.45)

40–49 years 1994 206 (10.33) 92 (4.61)

50–59 years 4226 506 (11.97) 282 (6.67)

60–69 years 5703 769 (13.48) 538 (9.43)

70–79 years 3873 607 (15.67) 489 (12.63)

80+ years 1593 269 (16.89) 206 (12.93)

Gender

Male 16,474 2211 (13.42) 1515 (9.20)

Female 1467 190 (12.95) 100 (6.82)

Race/ethnicity

Caucasian 15,193 2131 (11.88) 1451 (9.55)

African American 1900 185 (9.74) 111 (5.84)

Hispanic 373 36 (9.65) 17 (4.56)

All Other 475 49 (10.32) 36 (7.58)

Cigarette smoking status

Current smoker 3035 802 (26.43) 546 (17.99)

Former smoker 8334 1230 (14.76) 889 (10.67)

Never smoked 6572 369 (5.61) 180 (2.74)

B‐reader category

Normal 15,082 1889 (12.18) 1218 (8.08)

Pleural changes only 1978 348 (17.59) 263 (13.30)

Parenchymal

changes only

330 60 (18.18) 47 (14.24)

Both pleural and

parenchymal

395 85 (21.52) 72 (18.23)

No B‐read results

available

156 19 (12.18) 15 (9.62)

Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s;

FVC, forced vital capacity; LLN, lower limit of normal.
aCOPD by LLN criteria for FEV1/FVC ratio.
bCOPD by LLN criteria for FEV1/FVC ratio and % predicted FEV1 < 70%.
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severe COPD. Again, workers employed as roofers or cement ma-

sons, brick masons, or plasterers were at very high risk with

ORs > 2.50.

Multinomial model results for COPD severity are shown in

Table 5; with results for all COPD severity categories combined from

the binomial models displayed for comparison. For all construction

trades combined, the risk increased by COPD severity category from

1.08 for mild COPD to 1.61 for severe COPD. These same trends

were apparent for most construction trades, where significantly in-

creased risk was seen largely among workers with moderate‐to‐
severe COPD. Severe COPD ORs were >3.00 for roofers and cement

masons, brick masons, and plasterers. Interestingly, the risk among

machinists demonstrated a reverse trend, with a significant excess

for mild COPD (OR = 2.56).

TABLE 4 COPD prevalence overall and by severity by trade group

Trade groupa
Number of

workers

Number of

COPD cases

All COPDb prevalence %

(95% CI)

Moderate to very severe COPDc

prevalence % (95% CI)

All nonconstruction trades 3224 317 9.83 (8.83–10.91) 5.80 (5.02–6.66)

Administrative/scientific/

security

811 76 9.37 (7.45–11.59) 4.93 (3.55–6.66)

Mining site workersd 1127 107 9.49 (7.85–11.36) 6.03 (4.72–7.59)

Production worker 113 14 12.39 (6.94–19.91) 6.19 (2.53–12.35)

Service workers

(nonconstruction)

121 14 11.57 (6.47–18.65) 9.92 (5.23–16.68)

Other nonconstruction

workers

1052 106 10.08 (8.32–12.06) 5.70 (4.38–7.28)

All construction trades 14,717 2084 14.16 (13.60–14.73) 9.70 (9.23–10.19)

Asbestos worker/insulator 476 77 16.18 (12.98–19.8) 10.29 (7.71–13.38)

Boilermaker 325 38 11.69 (8.41–15.69) 8.62 (5.80–12.21)

Carpenter 1095 180 16.44 (14.29–18.77) 11.78 (9.93–13.84)

Cement mason/brick mason/

plasterer

286 65 22.73 (18.00–28.03) 17.13 (12.95–22.01)

Electrician 2736 315 11.51 (10.34–12.77) 7.71 (6.74–8.78)

Ironworker 839 120 14.30 (12.00–16.86) 9.77 (7.85–11.99)

Laborer 2304 341 14.80 (13.37–16.32) 9.85 (8.67–11.14)

Machinist 155 21 13.55 (8.59–19.96) 4.52 (1.83–9.08)

Millwright/mechanic 354 56 15.82 (12.18–20.05) 11.02 (7.95–14.75)

Operating engineer 1000 152 15.20 (13.03–17.58) 10.60 (8.76–12.68)

Other construction‐
related NECe

267 23 8.61 (5.54–12.65) 5.24 (2.90–8.64)

Painter 480 77 16.04 (12.87–19.64) 12.50 (9.68–15.8)

Plumber, steamfitter, pipefitter 2813 380 13.51 (12.27–14.83) 9.46 (8.40–10.60)

Roofer 172 40 23.26 (17.16–30.29) 16.28 (11.10–22.66)

Sheet metal worker 814 112 13.76 (11.47–16.32) 8.85 (6.99–11.01)

Teamster 601 87 14.48 (11.76–17.55) 10.15 (7.85–12.85)

Study population overall 17,941 2401 13.38 (12.89–13.89) 9.00 (8.59–9.43)

Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; LLN, lower limit of

normal; NEC, not elsewhere classified.
aIndividual trade shown for those with 100 or more participants and 10 or more COPD cases.
bCOPD by LLN criteria for FEV1/FVC ratio.
cCOPD by LLN criteria for FEV1/FVC ratio and % predicted FEV1 < 70%.
dMining site workers include Amchitka and Yucca Mountain combined.
eIncludes other construction‐related trades with too few participants for detailed analyses.
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Results of the adjusted and unadjusted subanalyses by duration

and time period of DOE work are presented in Table 6. Results for all

construction workers in the cohort without restriction by the time

period of DOE site work are included in this table for comparison.

Significantly elevated risk for all COPD and moderate to very severe

COPD were observed when the analyses were restricted to workers

with ≤5 years of work outside of a DOE site, with the point estimates

being comparable to the entire cohort. Restriction by only DOE site

work time period (1995 or later) or both time period and duration of

work outside of DOE (≤5 years) resulted in elevated ORs; however,

confidence intervals for the adjusted ORs included 1.00. Restricting

the data by time period results in reduced statistical power; how-

ever, ORs across all subcategories in Table 6 show remarkable si-

milarity. Unadjusted ORs were significant across all COPD

categories, time periods, and periods of DOE site work.

4 | DISCUSSION

The BTMed population provides a unique opportunity to investigate

chronic occupational diseases within a large population of older

construction trade workers using objectively collected clinical

measures combined with occupational and medical histories. This

study of airways obstruction included a much larger cohort of con-

struction trade workers compared to the earlier report published in

2010.43

Like the previous report, elevated COPD risk was observed for

all construction workers as a group and among many construction‐
related trades after adjusting for smoking and other potential con-

founders. The risk by trade was generally higher for moderate to

very severe COPD in the binomial logistic models, and the multi-

nomial models found that significantly increased risk among most

construction trades occurred for moderate‐to‐severe COPD. For all

construction trades, the OR for severe COPD in the multinomial

model was 1.61, which is close to the risk of COPD‐related mortality

(SMR = 1.46) observed in the most current mortality update of this

cohort.41

Given that the reference category for estimation of risk ratios

was all nonconstruction trades, the COPD risk for construction

workers is underestimated, because the reference group, while likely

experiencing fewer and less severe exposures, is not unexposed to

VGDF. Sensitivity analyses evaluated limiting the reference group to

workers in administrative, scientific, and security, under the premise

that these workers would have lower VGDF exposures generally.

F IGURE 1 All COPD logistic model adjusted odds ratio by trade group. Logistic model adjusted for age centered on the population mean,
gender, race/ethnicity (Caucasian, African American, Hispanic, All Other), smoking status (Current, Former, Never), smoking pack‐years, and
BMI as a restricted cubic spline. All nonconstruction trade workers were used as the reference group. BMI, body mass index; CL, confidence
limit; COPD, chronic obstructive pulmonary disease; LCL, lower confidence limit; NEC, not elsewhere classified; UCL, upper confidence limit
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However, an important limitation of this approach is the much

smaller number of workers in this reference cell and the loss of

statistical power. The sensitivity analyses found COPD risk point

estimates to be substantially the same as the primary analyses, with

wider confidence intervals, as expected, due to reduced power. In

addition to reduced power, the use of only workers in administrative,

scientific, and security jobs as the lower exposed reference category

may introduce confounding by differences in education and socio-

economic status, which have been associated with COPD risk in

some studies.

The study population was restricted to workers whose spiro-

metry met ATS criteria for reproducibility. There is evidence that the

failure to perform reproducible spirometry may itself be an indicator

of lung disease and that selection of occupational cohorts based on

meeting ATS spirometry standards may bias epidemiologic findings

by the exclusion of subjects with accelerated loss of lung func-

tion.63,64 To determine if our decision to include only workers who

met the ATS reproducibility criteria excluded workers with COPD,

we performed additional sensitivity analyses including workers not

meeting ATS reproducibility criteria. Inclusion of workers whose

spirometry did not meet ATS reproducibility criteria had negligible

impact on COPD prevalence, increasing the overall prevalence from

13.38% to 14.17%; therefore, selection bias based on meeting ATS

criteria does not appear to be an important factor in explaining our

results.

We used the LLN criteria to define airflow obstruction, as re-

commended by the ATS/ERS Task Force. We recognize that the fixed

ratio 70% cut‐off criteria are commonly used, both in epidemiology and

clinical practice. However, given the high age distribution of our popu-

lation, the use of the fixed‐ratio 70% criterion would result in overstating

COPD risk significantly. While reliance on LLN criteria may under‐report
the total COPD burden in this population somewhat compared to the

fixed‐ratio criterion, we believe the LLN criteria is the most precise and

widely accepted in a population with this age distribution.

Our case definition used pre‐bronchodilator spirometry and we

may have classified some individuals as cases who might not be

considered obstructed on post‐bronchodilator testing. However, the

possibility also exists that some participants with airway obstruction

and taking long‐acting bronchodilator medications at the time of

their examination might have spirometry improvement sufficient to

change their classification from case to non‐case. While research

has demonstrated that airway obstruction prevalence based on

F IGURE 2 Moderate to very severe COPD logistic model adjusted odds ratio by trade group. Logistic model adjusted for age centered on
the population mean, gender, race/ethnicity (Caucasian, African American, Hispanic, All Other), smoking status (Current, Former, Never),
smoking pack‐years, and BMI as a restricted cubic spline. All nonconstruction trade workers were used as the reference group. BMI, body mass

index; CL, confidence limit; COPD, chronic obstructive pulmonary disease; LCL, lower confidence limit; NEC, not elsewhere classified;
UCL, upper confidence limit

DEMENT ET AL. | 9



post‐bronchodilator spirometry maybe 25%–35% lower than found

without the use of bronchodilators in population‐based studies,65

this effect is stronger in younger individuals, decreases in individuals

between 60 and 74 years of age,66 and decreases in high‐risk po-

pulations. A recent study among individuals at high risk for COPD

found that only 9% had some reversal of airway obstruction with

bronchodilators, and 60% of those still had an FEV1/FVC < 70% (the

definition used in that study).67 Finally, other studies have found

COPD risk factors and risk estimates to be comparable with or

without post‐bronchodilator spirometry.66

Consistent with the published literature and our prior studies,

increased BMI was found to be inversely related to COPD

risk.17,66,68,69 However, BMI does not seem to confound the asso-

ciation of COPD with construction trade work or work in specific

trades, as ORs changed little with or without BMI in the final models.

Analysis that restricted the cohort to those with ≤5 years of

work outside a DOE site found COPD risks to be comparable to the

entire study cohort, suggesting that construction‐related exposures

at DOE sites were comparable to those in the construction industry,

in general.

Interestingly, the overall prevalence of COPD by LLN criteria in

the current study is remarkably similar to the earlier publication in

2010 (13.34% in 2010 vs. 13.38% in the current study). We had

expected lower risk as a result of claims that occupational safety and

health programs at DOE facilities had “significantly improved” after

1995.61

The larger population and the longer follow‐up period included

in this study allowed us to examine risk for workers with employ-

ment beginning after 1995. These analyses suggest that the elevated

risk of COPD among these construction workers persists after 1995.

While the COPD ORs among those first employed after 1995 did not

reach statistical significance due to small numbers and reduced

statistical power, ORs for those first employed after 1995 were re-

markably similar to the entire study cohort. Additionally, unadjusted

TABLE 5 Multinomial model COPD ORs by severity and construction trade group

Trade groupa All COPDb adjusted OR (95% CI)

Multinomial COPDc risk severity modeld

Mild OR (95% CI) Moderate OR (95% CI) Severe OR (95% CI)

All nonconstruction trades (Ref)e 1.00 1.00 1.00 1.00

Construction trades (all combined) 1.34 (1.18–1.54) 1.08 (0.88–1.31) 1.36 (1.02–1.81) 1.61 (1.32–1.96)

Asbestos worker/insulator 1.51 (1.14–2.02) 1.35 (0.87–2.08) 2.18 (1.29–3.67) 1.41 (0.91–2.19)

Boilermaker 0.97 (0.67–1.42) 0.70 (0.36–1.37) 1.10 (0.51–2.36) 1.19 (0.71–1.99)

Carpenter 1.48 (1.20–1.83) 1.06 (0.75–1.49) 1.44 (0.92–2.25) 1.94 (1.46–2.59)

Cement mason/brick mason/plasterer 2.36 (1.71–3.26) 1.49 (0.86–2.58) 2.15 (1.10–4.20) 3.34 (2.21–5.04)

Electrician 1.08 (0.91–1.29) 0.92 (0.70–1.21) 1.12 (0.77–1.62) 1.21 (0.94–1.56)

Ironworker 1.28 (1.01–1.63) 1.10 (0.75–1.60) 1.27 (0.77–2.11) 1.49 (1.07–2.07)

Laborer 1.54 (1.29–1.83) 1.14 (0.87–1.49) 1.50 (1.04–2.17) 1.99 (1.54–2.56)

Machinist 1.36 (0.83–2.24) 2.56 (1.41–4.63) 1.05 (0.32–3.42) 0.56 (0.20–1.57)

Millwright/mechanic 1.57 (1.13–2.16) 1.29 (0.76–2.20) 1.96 (1.05–3.66) 1.66 (1.05–2.61)

Operating engineer 1.40 (1.13–1.75) 1.13 (0.79–1.61) 1.08 (0.65–1.79) 1.83 (1.36–2.48)

Other construction‐related NEC 0.80 (0.51–1.27) 0.86 (0.43–1.73) 0.38 (0.09–1.59) 0.97 (0.52–1.82)

Painter 1.44 (1.08–1.91) 0.72 (0.43–1.22) 1.86 (1.09–3.19) 2.05 (1.40–3.01)

Plumber, steamfitter, pipefitter 1.30 (1.10–1.54) 1.06 (0.81–1.39) 1.50 (1.06–2.13) 1.44 (1.13–1.84)

Roofer 2.22 (1.48–3.32) 1.57 (0.83–2.98) 2.00 (0.88–4.54) 3.10 (1.83–5.25)

Sheet metal worker 1.28 (1.00–1.64) 1.20 (0.82–1.76) 1.08 (0.62–1.88) 1.47 (1.05–2.07)

Teamster 1.31 (1.00–1.72) 1.04 (0.67–1.63) 0.89 (0.46–1.71) 1.77 (1.24–2.53)

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity;

LLN, lower limit of normal; NEC, not elsewhere classified; OR, odds ratio.
aIndividual trades shown for those with 100 or more participants and 10 or more COPD cases. The number of workers and cases included in the models

by trade are shown in Table 4, minus 69 workers missing BMI. Significantly elevated ORs (p < 0.05) are bolded.
bAll COPD by LLN criteria for FEV1/FVC ratio.
cCOPD by LLN criteria for FEV1/FVC ratioand classified by severity using % predicted FEV1.
dMultinomial logistic model adjusted for age centered on the population mean, gender, race/ethnicity (Caucasian, African American, Hispanic, All Other),

smoking status (Current, Former, Never), smoking pack‐years, and BMI as a restricted cubic spline.
eAll nonconstruction trade groups were used as the reference category for risk comparisons by trade.
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ORs were significant across all COPD categories, time periods, and

periods of DOE site work.

Construction trade workers are exposed to many agents who

have been shown to increase COPD risk. The best estimates of

COPD risk associated with specific exposures experienced by the

BTMed cohort can be derived from the recent case–control study

that included lifetime work histories and qualitative exposure mea-

sures.17 Increased risk was associated with multiple exposures in-

cluding asbestos, silica, welding‐related exposures, cement dusts,

organic solvents, engine exhausts, and wood dust. The strongest

predictor of COPD risk was a summary measure that included ex-

posures to VGDF collectively. The COPD case–control study found

an OR of 1.42 (95% CI = 1.20–1.69) for VGDF exposures at the 50th

percentile of the study population VGDF exposure distribution;

which is very similar to the risk observed in the current study for all

construction trades combined (OR = 1.34, 95% CI = 1.18–1.54).

While construction trade workers experience many common VGDF

exposures, specific agents as well as exposure frequency and in-

tensity vary across trades. The observation of increased COPD risk

across construction trades in the current study argues for con-

sideration of all VGDF exposures as a complex mixture in assessing

COPD risk and attribution to work, an observation consistent with a

significant body of published data.2,12,24,35,37,70

Our results are consistent with a number of studies demon-

strating increased risk of COPD among construction trade workers.71

Data from the US National Health and Nutrition Examination Survey

(NHANES) for 2007–2008 found that workers in “construction,

extraction occupations” had the second‐highest age‐adjusted
prevalence of spirometry‐defined COPD (20.7%). Only a limited

number of studies have addressed COPD risks among specific

construction trades. Increased COPD risk for construction workers as

a whole and for carpenter, painters, and welders was observed in a

case–control study in Italy.72 Significantly increased COPD prevalence

ratios (PRs) were observed among some construction trades works in

the UK Biobank study, including “roofers, roof tilers, and slaters”

(PR = 1.86) and “floorers and wall tilers” (PR = 1.41), and “laborers in

building and woodworking trades” (PR = 1.32).73

5 | CONCLUSIONS

Construction workers taken as a whole have increased risk of COPD,

and this increased risk extends through most construction‐related
trades. The increased risk remains after adjustment for important

confounders, including cigarette smoking, and risk tends to be higher

for moderate‐to‐severe COPD among most trades. Analyses of

COPD risk by duration and time period of DOE site work found an

increased risk for construction workers with ≤5 years of their work

career outside of a DOE site.

The risk of COPD in our population has not declined since we

reported on a much smaller number of participants in 2010. We had

expected that risk would have been lower in the current study since

we have many more participants who started work later than in the

earlier study and safety and health procedures should have improved

over the years. COPD risk was also elevated among those first em-

ployed at a DOE site in 1995 or later, although based on small

numbers and not reaching statistical significance. Nonetheless, re-

sults support the premise that exposures among construction trades

after 1995 contribute to the risk of developing COPD. Additionally,

assessment of COPD risk and attribution to work should consider

occupational VGDF exposures collectively as a complex mixture.

Study results highlight the need for additional preventive mea-

sures to reduce occupational exposures. Appropriate control meth-

ods should be implemented to prevent worker exposures to VGDF as

a whole. In this study, although only 16.9% of all subjects were

current smokers, 33.4% of workers with COPD were current smo-

kers, and they would greatly benefit from smoking cessation advice

and support. Continued surveillance of this DOE worker population

is important to further evaluate the effectiveness of prevention

programs to reduce exposures.
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