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Abstract

Background: Construction workers have always had a high risk of occupational
illnesses. We used 25 years of data from a medical screening program serving older
construction workers to determine how much health outcomes have improved over
the past 60 years.

Methods: We investigated changes in relative risk for chest radiographs consistent
with pneumoconiosis, COPD by spirometry, lung cancer mortality, and audiometry-
assessed hearing impairment among workers participating in a medical screening
program. Results were stratified by decade of first construction employment: before
1960, 1960-1969, 1970-1979, 1980-1989, and after 1990. Poisson and Cox
regression analyses assessed relative risk by decade adjusted for age, sex, smoking,
and years of construction trade work.

Results: Subjects were 94% male and, on average, 60 years old with 25 years of
construction work. When compared to workers employed before 1960, those first
employed after 1990 experienced the following reductions in model-adjusted
relative risks: chronic obstructive pulmonary disease, 32%; all pneumoconiosis, 68%;
parenchymal abnormalities, 35%; pleural abnormalities, 71%; hearing impairment,
20%; and lung cancer mortality, 48%. Risks started to decline in the 1960s with
greatest reductions among workers first employed after 1970.

Conclusions: This study demonstrates the positive impact that adoption of
occupational health protections have had over the past 60 years. The greatest risk
reductions were observed for outcomes with strong regulatory and legal incentives
to reduce exposures and associated risks, such as those associated with inhalation
hazards (asbestos and silica), while lowest improvement was for hearing impairment,
for which little regulatory enforcement and few prevention incentives have been

adopted.
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1 | INTRODUCTION

Workers in construction trades experience a spectrum of workplace
exposures in varying circumstances and are at significantly increased
risk for chronic obstructive pulmonary disease (COPD),*> pneumo-
coniosis,®” and lung cancer.*®71° Construction trades workers also
experience excessive noise exposure and are at significantly
increased risk of noise-induced hearing impairment (NIHL).2-12

Prevention of occupational diseases focuses on eliminating or
reducing exposures through a well-established hierarchy of controls
including substitution of less hazardous materials, engineering
controls, work practice measures, and use of personal protective
equipment.1*15 While these are long-standing principles of industrial
hygiene, before passage of the federal Occupational Safety and
Health Act (OSH Act) of 1970, incorporation of these practices was
piecemeal and varied widely by state and industry. Wide-scale
adoption took many decades and resulted in large part from the
growing strength of the labor movement, both within the United
States and internationally.®

Silica and asbestos are two important respiratory hazards for
construction trade workers and both are causally link to risks of
pneumoconiosis, COPD, and lung cancer. A brief history of these
hazards serves as a case study of safety and health improvements in
the United States over time. This discussion briefly summarizes
efforts to control asbestos and silica in general industry; however,
there were parallel efforts within construction, maritime, and mining
industries. Additionally, the United States Environmental Protection
Agency was active in banning certain activities using asbestos (e.g.,
spray-on lagging [insulation] in 1973 and friable pipe and block
insulation in 1975), and the Consumer Product Safety Commission
banned all drywall joining and patching compounds containing
asbestos in 1977.17

By the 1930s, both silicosis and asbestosis were widely
recognized occupational diseases in the United States. In 1936, a
seminal industrial hygiene text—"Industrial Dusts, Hygiene Significance,
Measurement and Control” by Drinker and Hatch not only described
both silicosis and asbestosis but also methods of airborne dust
measurement, characterization, and control.**171® Asbestos was
known to cause lung cancer by 1955 and mesothelioma by
1960.17192° While crystalline silica was a suspected respiratory
carcinogen for many years, in 1991 the United States National
Toxicology Program (NTP) concluded that inhaled silica should be
“reasonably anticipated to be a human carcinogen,” and in 1997 the
International Agency for Research on Cancer concluded that
“crystalline silica inhaled in the form of quartz or cristobalite from
occupational sources is carcinogenic to humans.”?%22

Significant progress in reducing the burden of occupational
diseases took many decades in the United States, and has resulted
from a combination of scientific and technical development on the
one hand and public advocacy for improved working conditions on
the other.?® The Office of Industrial Hygiene and Sanitation within
the United States Public Health Service (USPHS) was formed in 1914
to study causes, effects, and methods of preventing occupational

diseases; however, the USPHS had no regulatory authority.?*
Industrial hygiene activities were relegated to state programs, but
only five states had active programs before 1936.2° This changed
with passage of the Social Security Act in 1935, which made funds
available to states to establish or expand industrial hygiene programs.
By 1938, 26 state industrial hygiene units were active and others
were under development, with guidance and technical support
provided by the USPHS.2® The United States Department of Labor
was established in 1913 and in 1934, under the leadership of
Secretary of Labor Frances Perkins, the Bureau of Labor Standards
was created to help state governments improve their administration
of various conditions of work, including workplace safety and health
laws.?”

Little guidance existed concerning permissible exposures for
silica and asbestos until 1946 when the American Conference of
Governmental Industrial Hygienists (ACGIH) published the first list of
Threshold Limit Values (TLVs). TLVs were intended to provide
guidance for the practice of industrial hygiene; however, adequacy
of TLV documentation and the degree of protection afforded by
many of the early TLVs have been subjects of considerable debate.?®
In fact, documentation of the evidence supporting TLV values was
first published in 1962.27 First TLVs for both silica and asbestos were
based on now obsolete impinger sampling methods and remained
unchanged until the late 1960s'” and even then were based on
understatement of risk.

The first Federal effort to regulate workplace hazards came with
passage of the Walsh-Healey Public Contracts Act in 1936, which
required companies with Federal contracts of more than $10,000 to
comply with a set of “minimum standards” for health and safety.!”
While most of the early “minimum requirements” imposed by the
Walsh-Healey Act were related to sanitation, safety, and fire
protection, TLVs for silica and asbestos were first incorporated into
the Walsh-Healey minimum requirements in 1951—“as a guide for
allowable concentrations.” Approximately 200 ACGIH TLVs were
adopted as Walsh-Healey Act minimum requirements in 1960.%7-%°

The Federal Construction Safety and Health Act of 1969
required the Secretary of Labor to establish a national Advisory
Committee on Construction Safety and Health (ACCSH) to provide
guidance on needed safety and health standards. However, broad
Federal involvement with workplace safety and health regulation
only came with passage of the 1970 OSH Act, which established the
National Institute for Occupational Safety and Health (NIOSH) to
support research, standards recommendations, and training, and the
Occupational Safety and Health Administration (OSHA) to have
responsibility for standards promulgation and enforcement. The
establishment of OSHA marked the beginning of truly evidence-
based exposure limits and standards, with extensive public review,
promulgated under the requirements of the Administrative Proce-
dures Act.®!

Under “start-up” provisions of the OSH Act, OSHA promul-
gated 425 permissible exposure limits (PELs) for air contaminants,
including silica and asbestos, derived principally from Federal
standards applicable to government contractors under the
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Walsh-Healey Act and the Contract Work Hours and Safety
Standards Act (commonly known as the Construction Safety
Act).32 The Walsh-Healey Act and Construction Safety Act
exposure standards, in turn, had been adopted primarily from
ACGIH TLV recommendations.®? Since 1971 there have been
many reviews and updates of NIOSH recommended exposure
limits (REL) for silica and asbestos, as well as OSHA proposed and
adopted PELs (see Table 1). While NIOSH REL recommendations
contained in published Criteria Documents were not regulatory
standards, they were widely disseminated and provided exposure
guidance starting with NIOSH's first Criteria Documents for
asbestos published in 1972 and silica in 1974.3334

It is hard to overstate how profoundly the 1970 OSH Act
changed protections afforded to workers. NIOSH and OSHA defined

risks through scientific research, established priorities, set and

TABLE 1
Year Agency Status OSHA PEL or NIOSH REL?
Asbestos
1971 OSHA Adopted ETS TWAP 2 fibers/cc®
1972 NIOSH Recommended TWA 2 fibers/cc
1972 OSHA Adopted TWA 5 fibers/cc

1973 WHO/IARCY  Cancer determination -

1975 OSHA Proposed TWA 0.5 fibers/cc

1976 NIOSH Recommended TWA 0.1 fibers/cc

1983 OSHA Proposed ETS (TWA) 0.5 fibers/cc

1984 OSHA Proposed TWA 0.2 fibers/cc

1986 OSHA Adopted TWA 0.2 fibers/cc

1994 OSHA Adopted TWA 0.1 fibers/cc

Silica

1971 OSHA Adopted TWA 100 pg/m® and 250 pug/m?® in
construction

1974 NIOSH Proposed TWA 50 pg/m®

1991 NTPf Cancer determination

1997 WHO/IARC  Cancer determination

1974 OSHA Proposed TWA 50 pg/m®

2002 NIOSH NIOSH Hazard Review 50 pg/m?®

2016 NIOSH Adopted TWA 50 ug/m®

@PEL, Permissible Exposure Limit, REL, Recommended Exposure Limit.
PTWA, Time Weighted Average. ETS, Emergency Temporary Standard.
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enforced standards, provided the foundation for a national research
network, and enhanced professional education that created a whole
new level of professional training and certification. The resulting
knowledge helped create a new social movement with trained
workers on the shop floors, dedicated community organizations
advocating for change, and a network worker-oriented occupational
medical clinics to provide support,®>3¢ and much greater awareness
of protections workers should be entitled to.®”

The OSH Act empowered workers to protect their rights as
never before. All of this—the new scientific knowledge, growing
awareness of the right to safety and health, and the awareness that
great injustices had been incurred—provided the basis for new and
important private courses of action, often through lawsuits, with dire
financial consequences for industries with lax safety and health

requirements.>®

Asbestos and silica permissible exposure recommendations, exposure standards, and regulations in the United States

Comments

Based on asbestosis risk with acknowledgment that asbestos was a
human carcinogen

Two fibers/cc to become effective in July 1976
Established asbestos as carcinogenic to humans
OSHA determined that asbestos was a known human carcinogen

NIOSH recommended lowest feasible exposure due to no evidence
a safe threshold for asbestos-related cancers

No final rule pursued

PEL base on a formula based on % silica. ug/m?® is approximate for
pure silica. Construction PEL was in MPPCF¢

Reasonably anticipated to be a human carcinogen
Established silica as carcinogenic to humans
OSHA did not pursue a final rule

NIOSH review found significant excess silicosis risk at
50 pg/m* TWA

“Fibers > 5 um in length per cubic centimeter of air by the membrane filter sampling method and phase-contrast optical microscopy (PCM).

%World Health Organization, International Agency for Research on Cancer.

*MPPCF, Millions of particles per cubic foot or air by impinger particle counting methodology, now obsolete.

fNational Toxicology Program.
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In this study we begin to quantify the impact of this social change
that began 60 years ago on health outcomes among construction

workers in the United States.

2 | MATERIALS AND METHODS

Our primary research objective was to assess the change in relative
risks for respiratory diseases, lung cancer mortality, and hearing
impairment by time period since workers' entry into construction
trade work. We hypothesized that relative risks for these outcomes
have decreased over time due to greater emphasis on prevention,
especially since passage of the OSH Act in 1970.

2.1 | Study population and health outcomes

Prior reports have provided a detailed history of the Building Trades
National Medical Screening Program (BTMed), as well as its work
history and medical protocols.'?3’ Briefly, in 1993 Congress added
Section 3162 to the Defense Authorization Act, calling for the
Department of Energy (DOE) to determine whether workers in
nuclear weapons facilities were at significant risk for work-related
illnesses and if so, to provide them with medical surveillance to
permit earlier disease detection and referral for treatment and
compensation. DOE funded medical 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 in Aiken, South Carolina in 1996 and
1997 followed by the Amchitka nuclear test site in Alaska in 1999.
These early programs were consolidated to form BTMed in 1999 and
the BTMed program was subsequently expanded to 35 DOE sites
throughout the United States. Participation in BTMed is voluntary
and at no cost to participants. Additional information concerning
BTMed is available on the program website (www.btmed.org).

The BTMED protocol includes a detailed work history
interview followed by medical examinations performed by
approximately 230 local providers who meet credentialing
requirements and adhere to a detailed protocol. Each exam is
reviewed for quality by BTMed nurses. Board-certified occupa-
tional medicine physicians review examination results and
provide participants with a detailed letter interpreting results
and any recommendations for follow-up medical care, represent-
ing an additional level of quality assurance.

Workers are offered an initial examination and are eligible for
follow-up examinations every 3 years. Data from each worker's most
current examination through September 30, 2021, were used for this
study. Analyses focused on respiratory diseases (COPD and
pneumoconiosis), lung cancer mortality, and hearing impairment,
including risk of these outcomes by time period since first entry into
construction work. Previous studies of the BTMed population have
shown that construction trades workers are at significantly increased

risk for all these adverse health conditions.3~¢4°

2.1.1 | Respiratory diseases

The BTMed respiratory examination includes a respiratory history
and symptom questionnaire adapted from the American Thoracic
Society (ATS) DLD-78 questionnaire?®; a posterior-anterior (P-A)
chest radiograph, classified by a B-reader according to International
Labor Office (ILO) Classification of Radiographs of Pneumoconio-

sis?”72%; and spirometry. All participating medical facilities agreed to

obtain spirometry according to ATS standards.>°~32

A total of 15,286 workers were included in the COPD analyses,
with 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 expiratory efforts and reproducibility of FVC and
FEV, of 0.2 liters or less.*!

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 populations, 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.?>>*24% The ATS/ERS Task Force** recommends
identification of airway obstruction based on an FEV{/FVC ratio
below the lower limit of normal (LLN) to avoid age-related
misclassification associated with use of a fixed FEV,/FVC ratio.*> 8
COPD was defined as a FEV,/FVC ratio below the LLN using the
prediction equations of Hankinson et al.* without use of broncho-
dilation. For Asian-Americans, a correction factor of 0.88 was applied
to the reference values for Whites to calculate the predicted and LLN
for FEV,.*4%°

A total of 15,010 workers met the study criteria for the analyses
of pneumoconiosis (parenchymal and pleural changes). Chest radio-
graphs (CXR) read by a NIOSH B-reader according to ILO criteria
were used to define pneumoconiosis. 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 presence
of unilateral or bilateral pleural thickening consistent with pneumo-
coniosis. Each worker's most current BTMed examination with a CXR
reading by ILO criteria and not missing demographic data (age, race,
sex, and smoking history) was selected for the analyses of

pneumoconiosis.

2.2 | Lung cancer mortality

Cohort mortality studies of the BTMed participants have been
previously published as well as detailed analyses of lung cancer risk
factors.*>17>3 Data from the most recent mortality update were used
for this study.* The study cohort included 15,434 workers from all
DOE sites who entered a construction trade before 1996 and who
participated in a work history interview between January 1, 1998 and
December 31, 2016. With these criteria, all cohort members had a
minimum of 20 years from first trade entry and end of cohort
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follow-up. Deaths, and causes of these deaths, were obtained by

follow-up using the National Death Index.*

2.2.1 | Hearing impairment

BTMed audiograms are offered only on initial examinations. Contract
medical providers conducted audiometric tests according to proce-
dures recommended by the National Institute for Occupational
Safety and Health (NIOSH) at frequencies of 500-8000 Hz.>* A total
of 17,669 workers met the study criteria for analysis of hearing
impairment. Data for all workers with audiometric data and not
missing demographic information (age, race, sex, and smoking history)
were selected for study. Material hearing impairment was defined as
a binaural average threshold of greater than 25 dB calculated as the
average across frequencies of 1, 2, 3, and 4 kHz.>® Audiograms that
did not include measured hearing thresholds at frequencies necessary

for determining material hearing impairment were excluded,

2.3 | Data analyses

Stratified analyses were used to estimate prevalence of COPD, CXR
changes, and hearing impairment by time period categories of entry
into construction trades (before 1960, 1960-1969, 1970-1979,
1980-1989, and after 1990). Poisson regression models with robust
variance estimates®® were used to estimate relative risks of outcomes
by time period of construction trade entry while adjusting for sex,
age, cigarette smoking, and years of construction trade work. Age
was entered as a restricted cubic spline with knots at 10-year
intervals from 30 to 90 years to afford better control of age effects in
this older population. Both smoking status (never, former, current)
and pack-years were included in the models for optimal control of
confounding by smoking.

Cox proportional hazards regression models, with age as the time
scale, were used to explore lung cancer mortality hazard ratios by
time period of construction trade entry. The initial model suggested a
slight violation of the proportional hazards assumption by sex;
therefore, the final model was stratified by sex and adjusted for race/
ethnicity (white and nonwhite), smoking (status and pack-years), and
years of employment in construction trades. Sensitivity analyses were
conducted using alternate survival analysis modeling strategies
(Poisson regression and discrete time logistic regression).

We conducted a number of sensitivity analyses to evaluate the
robustness of study results with regard to confounding by age,
duration of construction work, and distribution of workers by trade
within each time period. Sensitivity analysis models for each outcome
were developed by limiting study members to: (1) only those age 60
and older or (2) those with 20 or more years of construction work.
We also developed models to assess any possible confounding by
construction trade distribution by trade entry decade through
inclusion of a model covariate representing trade group. Due smaller

numbers included in the restricted sensitivity analyses models, we

used only three time periods of construction trade entry (<1960,
1960-1969, 21970).

SAS 9.4 was used for all analyses® and statistical significance
was defined as two-sided p < 0.05. The SAS macro %RCSPLINE was
used to generate the spline terms for age in the models.*®

3 | RESULTS

Demographic data for BTMed participants included in the analyses by
outcome are provided in Table 2. Study members were overwhelm-
ingly male (94.0%-95.4%), with a mean age over 60 years for all
analyses except hearing impairment. BTMed audiograms are col-
lected only on initial examinations while other analyses are based on
most current examinations, which accounts for the difference in
mean age. Mean years of construction trade work ranged from 24.1
to 26.2 years for each outcome studied and a wide range of
construction-related trades were included in all outcomes analyzed.

Model estimated relative risks for each major outcome by time
period of construction trade entry are presented graphically in
Figure 1 and detailed results are presented in Tables 3-8.

Table 3 shows the prevalence of COPD, which decreased by time
period of construction trade entry, from 19.2% for those who
entered before 1960 to 12.3% for among those entering in 1990 or
later. The regression models, which adjusted for age, sex, smoking
and years of construction trade work, found significantly decreasing
relative risks by time period using those entering before 1960 as the
reference category, with an adjusted relative risk (aRR) of 0.68 (95%
Cl=0.55-0.83) for those entering construction 21990.

Similar stratified results of chest radiographic evidence of
pneumoconiosis are shown in Tables 4-6. Table 4 shows results for
parenchymal or pleural changes combined and demonstrated an
extremely high prevalence of 43.5% for those entering construction
before 1960, compared to 4.4% for those entering construction
>1990. The model-adjusted results support this trend with an aRR of
0.35(95% Cl = 0.26-0.45) among those entering construction 21990.
Tables 5 and 6 provide sub-analyses of parenchymal and pleural
changes separately, providing additional support for the overall trend
of decreasing pneumoconiosis relative risk by time period of
construction trade entry.

The overall prevalence of hearing impairment in this cohort is
very high (51.5%) and among those entering construction before
1960 the prevalence was 87.6% (Table 7). While prevalence
decreased by time period of construction trade entry, the
prevalence remained high even among those entering construc-
tion work in 1990 or later (24.1%). Progressing age is a major risk
factor for hearing impairment and the mean ages for each entry
sub-cohort varied substantially. The regression models, which
adjusted for age using restricted cubic splines, found significantly
reduced aRR for those entering after 1970; however, the
magnitude of reduced risk was relatively modest (aRR =0.80,
95% Cl=0.74-0.87) for those entering 21990 after adjusting for
age and other model covariates.
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TABLE 2 Demographic characteristics of study members by outcome

Characteristic
Number in study
Number cases

Overall prevalence (%)

Number male (%)

CcoPD?
15286

2133

14.0

14362 (94.0)

Chest X-Ray
changes®

15010

2389

15.9

14159 (94.3)

Hearing
impairment®

17669

8563

515

16639 (94.2)

Lung cancer
mortality®

15434
343

e

14726 (95.4)

Mean age (Standard deviation) 63.0 (12.2)

Means years trade work (Standard deviation) 25.4 (13.8)

Number by construction trade’
Boilermaker 326
Carpenter 1146
Electrician 2851
Insulator/asbestos worker 478
Ironworker 866
Laborer 2412
Machinist 157
Mason 285
Millwright/mechanic 404
Operating engineer 1094
Other Construction NEC 298
Painter 486
Plumber, steamfitters, pipefitter 2820
Roofer 172
Sheet metal worker 825
Teamster 666

2COPD based on FEV;/FVC ratio below the lower limit of normal.

64.3 (11.8) 59.5(12.1) 60.6 (11.9)°
26.2 (13.8) 24.1 (13.8) 24.9 (13.4)°
311 365 333

1098 1291 1200

2704 3297 2925

453 541 465

870 998 910

2449 2899 2277

154 162 142

305 336 303

381 448 409

1033 1210 1002

327 358 257

488 585 509

2708 3237 2975

204 203 172

828 951 885

697 788 670

bPneumoconiosis includes parenchymal changes with an ILO profusion 21/0 or pleural changes consistent with pneumoconiosis (300 parenchymal only,

1714 pleural only, and 375 both pleural and parenchymal).

°NIOSH material hearing impairment defined as a binaural average threshold of greater than 25 dB calculated as the average across frequencies of 1, 2, 3,

and 4 kHz.

9Analyses based on mortality follow-up through 2016 using data for 15,434 construction trade workers with smoking data and dates of first construction

trade work. Workers entered a construction trade before 1996.

€Cohort study with 343 lung cancer cases based on 138,655 person-years of follow-up. Mean age and years of construction trade work at cohort entry.

fWorkers were classified according to the trade longest held.

The analyses of lung cancer risk were derived from cohort
mortality data rather than prevalence and results are shown in
Table 8. Overall lung cancer death rates (cases/1000 person-years)
decreased substantially by time period of construction trade entry
but this is confounded by the differing age distributions. However,
the Cox models adjusting for age, sex, smoking, race/ethnicity, and
years of construction work observed significantly decreased mortality
among those entering construction work 21970 with the hazard ratio
reaching 0.52 (95% Cl=0.32-0.84) for those entering construction

trade work in 1980 or later. Sensitivity analyses using either Poisson

regression or discrete time logistic regression models (not shown)
produced comparable results.

Our models adjusted for important confounders including sex,
age, smoking, and years of construction trade work; however, we also
conducted a number of sensitivity analyses for each outcome. Results
of the sensitivity analyses are provided in the Supporting Information.
Sensitivity analysis models for all outcomes produced trends in
relative risks by time period of trade entry very comparable to our
primary analyses, suggesting that our models adequately controlled

for important potential confounders.
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Relative Risk & 95% CL RR LCL UCL

COPD
--Construction Entry 1960-1969 —a— ) 0.76 066 0.87
--Construction Entry 1970-1979 —— 1 0.67 0.58 0.78
--Construction Entry 1980-1989 —a— E 064 054 0.77
--Construction Entry >=1990 —a— 1 068 055 0.83
PNEUMOCONIOSIS |
--Construction Entry 1960-1969 - ‘, 0.79 0.71 0.87
--Construction Entry 1970-1979 = 1 047 041 054
--Construction Entry 1980-1989 - | 042 035 0.51
--Construction Entry >=1990 —— 3 035 0.26 045
HEARING IMPAIRMENT
--Construction Entry 1960-1969 I-I:{ 099 096 1.02
--Construction Entry 1970-1979 H 093 0.89 0.96
--Construction Entry 1980-1989 HH E 086 0.82 0.91
--Construction Entry >=1990 - : 080 0.74 0.87
LUNG CANCER MORTALITY E
--Construction Entry 1960-1969 b 0.75 055 1.04
--Construction Entry 1970-1979 —a— : 0.60 041 0.87
--Construction Entry >=1980 P ; 052 032 0.84

T T T T T ;

0.2 04 0.8 1.0
Workers Entering Contruction <1960 Used as Reference Category for RR Calculations

FIGURE 1 Summary of relative risks by decade of construction trade entry.
Adjusted relative risks from regression models with model covariates as described in the Tables.

Model adjusted

TABLE 3 COPD prevalence by time period of construction trade entry
Time period of Mean age at
construction Number exam (Standard
trade entry workers deviation)
<1960 2286 78.7 (6.3)
1960-1969 2857 69.1 (7.0)
1970-1979 5096 61.8 (8.0)
1980-1989 3238 55.5(9.9)
21990 1809 50.0 (11.9)

2COPD based on FEV4/FVC ratio below the lower limit of normal.

Number COPD relative risk
cases prevalence (%)? (aRR) (95% CI)°
440 19.3 1.00 (Ref)

434 15.2 0.76 (0.66-0.87)
653 12.8 0.67 (0.58-0.78)
384 11.9 0.64 (0.54-0.77)
222 12.3 0.68 (0.55-0.83)

PRegression model adjusted for age (restricted cubic spline with knots starting at age 30 by 10 year intervals), sex, smoking (status and pack-years), and
years of construction trade work. Trend by trade entry time period significant (p < 0.0001).

Some studies of hearing impairment using secondary data sources
have applied data exclusions to eliminate audiograms potentially

» o«

having “unlikely thresholds,” “negative slope,” or “large inter-aural
differences.”*® Such exclusions were not applied to the BTMed data as
quality control procedures were in place during data collection and
interpretation. However, sensitivity analyses were conducted wherein
all of the restrictions described by Masterson et al. (unlikely thresholds,

negative slope, or large inter-aural differences) were applied to the

BTMed data. Results of these sensitivity analyses are provided in the
Supporting Information (Supporting Information: Table S-5). The
overall prevalence of hearing impairment using these data exclusions
(50.1%) was very comparable to the main analyses (51.5%). Addition-
ally, as shown in the Supporting Information, prevalence by in time
period of construction trade entry was also very comparable as were
the aRR by time period of trade entry, supporting results and

conclusions from the main analyses.
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TABLE 4 Pneumoconiosis prevalence by time period of construction trade entry

Time period of Mean age at Model adjusted
construction Number exam (Standard Number Pneumoconiosis relative risk
trade entry workers deviation) cases prevalence (%)? (aRR) (95% CI)®
<1960 2058 80.2 (5.8) 895 43.5 1.00 (Ref)
1960-1969 2818 70.6 (6.3) 681 24.2 0.79 (0.71-0.87)
1970-1979 5138 63.5 (7.1) 522 10.2 0.47 (0.41-0.53)
1980-1989 3094 57.4 (9.2) 207 6.7 0.42 (0.36-0.51)
21990 1902 50.7 (11.9) 84 44 0.35 (0.26-0.45)

2Pneumoconiosis includes parenchymal changes with an ILO profusion 21/0 or pleural changes consistent with pneumoconiosis.

bRegression model adjusted for age (restricted cubic spline with knots starting at age 30 by 10 year intervals), sex, smoking (status and pack-years), and
years of construction trade work. Trend by trade entry time period significant (p < 0.0001).

TABLE 5 ILO parenchymal prevalence by time period of construction trade entry

Time period of Mean age at Model adjusted

construction Number exam (Standard Number Parenchymal relative risk
trade entry workers deviation) cases prevalence (%)? (aRR) (95% CI)°
<1960 2058 80.2 (5.8) 306 14.9 1.00 (Ref)
1960-1969 2818 70.6 (6.3) 191 6.8 0.96 (0.78-1.19)
1970-1979 5138 63.5 (7.1) 110 21 0.51 (0.38-0.68)
1980-1989 3094 57.4 (9.2) 45 1.5 0.53 (0.36-0.76)
21990 1902 50.7 (11.9) 23 1.2 0.64 (0.40-1.03)

@Parenchymal changes defined as an ILO profusion 21/0 for small opacities of any shape/size. Some workers with parenchymal changes also had pleural
changes.

PRegression model adjusted for age (restricted cubic spline with knots starting at age 30 by 10 year intervals), sex, smoking (status and pack-years), and
years of construction trade work. Trend by trade entry time period significant (p < 0.0001).

TABLE 6 ILO pleural prevalence by time period of construction trade entry

Time period of Mean age at Model adjusted
construction Number exam (Standard Number Pleural relative risk
trade entry workers deviation) cases prevalence (%)? (aRR) (95% CI)®
<1960 2058 80.2 (5.8) 801 38.9 1.00 (Ref)
1960-1969 2818 70.6 (6.3) 690 20.9 0.72 (0.64-0.80)
1970-1979 5138 63.5 (7.1) 449 8.7 0.42 (0.36-0.48)
1980-1989 3094 57.4 (9.2) 179 5.8 0.37 (0.30-0.45)
21990 1902 50.7 (11.9) 70 3.7 0.29 (0.21-0.39)

2Any pleural changes consistent with pneumoconiosis. Includes pleural plaque, pleural thickening, and costophrenic angle obliteration. Some workers with
pleural changes also had parenchymal changes.

bRegression model adjusted for age (restricted cubic spline with knots starting at age 30 by 10 year intervals), sex, smoking (status and pack-years), and
years of construction trade work. Trend by trade entry time period significant (p < 0.0001).

4 | DISCUSSION reductions were: COPD, 32%; pneumoconiosis (pleural and parenchy-
mal), 68%; parenchymal abnormalities, 35%; pleural abnormalities,
We observed decreasing aRR for the chronic health outcomes studied 71%; hearing impairment, 20%; and lung cancer (21980), 48%. About
by time period of construction trade entry, using those entering before 11.3 million people are employed in construction trades jobs in the
1960 as the reference category for relative risk estimates. Comparing US> On a population basis, the impacts of the decreases in

aRR for those entering after 1990 to those entering before 1960, the occupational health risks described in this study are profound.
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TABLE 7 Hearing impairment prevalence by time period of construction trade entry

Time period of Mean age at
construction Number exam (Standard
trade entry workers Deviation)
<1960 2723 76.2 (6.4)
1960-1969 3287 65.2 (6.9)
1970-1979 5815 57.9 (7.6)
1980-1989 3794 51.9 (9.3)
21990 2050 47.2 (11.2)

Hearing Model adjusted

Number impairment relative risk
cases prevalence (%)* (aRR) (95% CI)®
2384 87.6 1.00 (Ref)
2231 67.7 0.99 (0.96-1.02)
2769 47.6 0.93 (0.89-0.96)
1229 324 0.86 (0.82-0.91)

493 24.1 0.80 (0.74-0.87)

2NIOSH material hearing impairment defined as a binaural average threshold of greater than 25 dB calculated as the average across frequencies of 1, 2, 3,

and 4 kHz.

bRegression model adjusted for age (restricted cubic spline with knots starting at age 30 by 10 year intervals), sex, smoking (status and pack-years), and
years of construction trade work. Trend by trade entry time period significant (p < 0.0001).

TABLE 8

Time period of Mean age at cohort

construction Number entry (Standard
trade entry workers Deviation)
<960 2975 77.0 (7.1)
1960-1969 3159 64.7 (6.5)
1970-1979 5242 57.1 (7.6)
21980¢ 4058 50.6 (9.6)

Lung cancer hazard ratios by time period of construction trade entry

Lung cancer

Number Cases per 1000 hazard ratio

cases person-years® (95% CI)°><

138 5.85 1.00 (Ref)
86 3.02 0.75 (0.55-1.04)
78 1.61 0.60 (0.41-0.87)
41 1.07 0.52 (0.32-0.84)

2Analyses based on mortality follow-up through 2016 using data for 15,434 construction trade workers with smoking data and dates of first construction

trade work. Workers entered a construction trade before 1996.

The lung cancer analyses could not be extended to those entering construction work in 1990 or later due to the small number of lung cancer cases.

°A separate model dichotomizing year of first construction trade into before and after 1970 (OSHA Act Legislation) found lung cancer mortality
significantly lower for those entering construction work after 1970 (HR =0.68, 95% Cl =0.51-0.92).

dCox proportional hazards model with age as the time scale, stratified by sex, and adjusted for race/ethnicity (white and nonwhite), smoking (status and

pack-years), and years of construction trade work.

Our observation of only a relatively modest reduction in the aRR for
hearing impairment among construction workers is consistent with
findings of a recent extensive review of noise-inducted hearing

impairment.°

This review found little to no change in noise exposure
measurements in construction over time, and a large proportion (38%) of
noise-exposed construction workers did not wear hearing protection.
Additionally, NIOSH found that the overall prevalence of hearing
impairment among noise-exposed workers decreased less than 1% over
30 years (1981-2010).* Hearing impairment has been much less of a
regulatory priority than the other outcomes and there has been an overall
lack of emphasis on noise elimination, the most effective strategy in the
hierarchy of control measures.° Also, other incentives for the prevention
of occupational diseases do not generally apply to hearing impairment.
For instance, only a couple of state workers' compensation laws provide
meaningful coverage for hearing impairment.®®

For many of the outcomes we show moderate reductions in aRR
for workers entering before 1970, consistent with the history
presented in the introduction. The early ACGIH TLVs adopted under
Walsh Healthy starting in 1951 and more fully in 1960, while highly
deficient, provided a degree of protection not previously available.

Workers entering the construction trades in the 1970s experi-
enced the largest reductions in terms of reduced aRR for most of the
outcomes studied. Compared to workers entering before 1960s,
decreasing risk of lung cancer mortality was observed for those
entering in the later periods, with statistically significant reductions
observed among those entering construction work in 1970 or later.
Lung cancer death rates in the general population have been
declining in the US starting in early 1990s, largely attributable to
reduced cigarette smoking.®?"®* Model aRR estimates were adjusted
for smoking, largely controlling for confounding effects of smoking in
the observed trends by time period of trade entry. The lung cancer
results were also supported using alternate longitudinal model-
ing strategies (see Supporting information: Table S-4).
which

restricted study members by age or duration of construction work

Sensitivity analyses (see Supporting information),
or that controlled for specific construction trade, produced compara-
ble trends of disease relative risk over time periods of trade entry,
supporting results from the primary study disease models. The risk of
chronic occupational respiratory diseases, including COPD, pneumo-

coniosis, and lung cancer, generally occur after an extended time
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period, or latency, since initial exposure. The study population was
comprised of older construction workers, most of whom had first
entered the industry before age 30. The median time between
construction trade entry and examination was 34, 38, and 40 years
for the analyses of hearing impairment, COPD, and ILO chest
radiograph changes, respectively. The median time period between
the year of trade entry and the last year of follow-up in the lung
cancer longitudinal analyses was 43 years. All analyses thus had
sufficient latency for chronic disease manifestation.

Asbestos and respirable silica are prominent inhalation exposures
contributing to risk of chest radiograph abnormalities. COPD, and lung
cancer mortality in this population. The highly elevated risks of lung
cancer, mesothelioma, and pneumoconiosis found in the BTMed cohort
mortality analyses support this conclusion.* Other studies have
investigated occupational risks among construction workers by time
period of trade entry. A study of asbestos-related disease among sheet
metal workers using chest radiographs in a manner similar to this study
found that calendar year of entry into sheet metal work was a significant
predictor of parenchymal abnormality prevalence (profusion = 1/0), with
those entering after 1970 being at significantly reduced risk.” A follow-
up of this study extended these findings and found comparable
reductions in risk of pneumoconiosis by time period of first sheet metal
work, especially those entering the trade after 1973, when EPA banned
the use of asbestos-containing spray-on lagging.®®

The reduction in the aRR for pneumoconiosis (68%) is remarkable,
and heavily driven by a reduction in pleural disease that was twice as
great as parenchymal disease. This reinforces the very significant effect of
largely eliminating the use of asbestos and carefully managing the
asbestos that is still in place or is being removed.

4.1 | Strengths and limitations
Important strengths of our study are wide representation of
construction trades and reasonably large study populations for each
time period and outcome investigated. We also had data on smoking,
an important confounder for the outcomes studied. Additionally,
while all but the lung cancer analyses were based on prevalence data,
BTMed collected these data over a 25-year period rather than at a
single point in time. This allowed strata by time period of
construction trade entry to have reasonable sample sizes and number
of outcomes of interest. However, these data are not incidence data,
which are preferable but do not exist. Important confounders (sex,
age, smoking, and years of construction work) were included
statistical models. We adjusted for age in the multivariate models
with age entered as restricted cubic splines in an effort to eliminate
age-related confounding as much as possible. All sensitivity analyses
produced comparable results, providing reasonable assurance that
age and other important confounders have been adequately
accounted for in the disease models.

An additional limitation of our population is that it consists mainly of
construction workers who are union members. They are more likely to

have had better safety and health conditions at work than non-union

workers®® Also, they were more likely to be performing work within
US Department of Energy facilities, which were covered by the worker
protections in the Walsh Healey Act. However, there have been
numerous findings that DOE facilities frequently have not been in
compliance with established safety and health requirements resulting in
workers facing high exposures. This has been especially true for
construction workers because they typically have been employed by

subcontractors with limited oversight.®”

5 | CONCLUSIONS

This study demonstrates the significant impact that adoption of
strengthened occupational health protections have had over the past
60 years. The greatest risk reductions are for outcomes with strong
regulatory and legal incentives to reduce exposures, such as those
associated with asbestos, silica, and vapors, gases, dusts, and fumes
(VGDF) generally, while lowest improvement was for hearing
impairment, for which little regulatory enforcement or other
incentives have been adopted. In particular, the impacts of addressing
risks associated with asbestos have been dramatic. Although many of
these results are impressive, there is ample room for improvement,

and the struggle continues.
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