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1 | INTRODUCTION

Occupational hearing loss is the most common work-related illness in
the United States.® Construction trades workers experience excessive

noise exposure and are at significantly increased risk of noise-induced
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Abstract

Background: Few studies have defined the risk of hearing impairment and tinnitus
after retirement. This report measures hearing impairment and tinnitus prevalence
among older construction trades workers.

Methods: The study cohort included 21,340 participants in a national medical
screening program (www.btmed.org). Audiometric hearing impairment was classified
according to the Global Burden of Disease Study. Tinnitus was determined by self-
report. An internal subcohort of nonconstruction trades workers served as a
reference group. Stratified analyses and multivariate analyses were used to measure
the prevalence of hearing impairment and tinnitus by age, sex, and job category.
Results: Prevalence of any hearing impairment was 55.2% (males, 57.7%; females,
26.8%) and increased rapidly with age. Construction trades workers were 40% more
likely to have hearing impairment than the reference group. The overall prevalence
of tinnitus was 46.52% and followed patterns similar to hearing impairment.
Workers with hearing impairment were more likely to also have tinnitus, but tinnitus
was frequently reported in the absence of measured hearing impairment.
Conclusions: Hearing impairment and tinnitus prevalence were much higher in this
study than in previous research. A significant reason for the difference is that
BTMed follows participants after they have retired. To draw conclusions about the
risk for work-related chronic diseases and disorders it is important to monitor
workers through their lifetimes. Also, tinnitus by itself should be given greater
significance. These findings reinforce the need to promote noise reduction and

hearing conservation in construction.
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hearing loss (NIHL).2"? A recent study of hearing impairment associated
with occupation in the United States by the National Institute for
Occupational Safety and Health (NIOSH) found that workers in mining
and construction had the highest prevalence.’® The NIOSH study was
based on data from the NIOSH Occupational Hearing Loss Surveillance
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Program, which collects audiograms for workers who were tested to
comply with regulatory requirements because of high occupational noise
exposure (285 decibels, 8-h time-weighted average, on the A-scale
[dBA]).2 The survey population used by NIOSH is largely limited to
currently employed workers.

The 2007 National Health Interview Survey (NHIS) found that
tinnitus is common in the entire US adult population with an estimated
overall prevalence of 10%, which includes nonworkers/nonnoise-
exposed workers/noise-exposed workers, and much higher (23%)
among those reporting loud occupational noise exposure.* Tinnitus
prevalence increases rapidly with age, is frequently, but not always,
associated with NIHL and has a significant impact on quality of life
including mental stress and anxiety.1*"2#

The risk of hearing impairment and tinnitus by occupation among
older adults at or after retirement has not been defined. The purpose
of this report is to provide estimates of hearing impairment and
tinnitus prevalence among a population of older construction trades
workers participating in a medical screening program that includes

audiometry.

2 | MATERIALS AND METHODS

2.1 | Study population and audiometric testing
Prior reports have described the work history and medical components
of the Building Trades National Medical Screening Program (BTMed)
including the audiometric testing component.”” Contract medical
providers conducted audiometric tests according to procedures recom-
mended by the NIOSH at frequencies of 500-8000 Hz.'® This report is
based on BTMed nparticipants completing hearing tests through
September 30, 2021.

The definitions of audiometric hearing impairment (AHI) and
severity of impairment were the same as used in a recent study of
hearing impairment among US workers using data from the NIOSH
Occupational Hearing Loss Surveillance program.2® Presence of any
hearing impairment was defined as having an average hearing
threshold of = 20dB across 500, 1000, 2000, and 4000 Hz in the
better ear. Hearing impairment was further categorized into six
severity levels using the NIOSH study case definitions (Table 1)
largely based on the 2013 Global Burden of Disease Study.*®

The BTMed occupational and exposure history asked about the
percentage of time that a worker experienced quiet, loud, and very
loud noise based on the following questions:

The following definitions were used as anchors to define relative
noise exposures at work:

Quiet—"You could speak in a normal voice.”

Loud—"“You had to raise your voice.”

Very loud—“You had to shout to be heard.”

BTMed collects information on self-reported hearing impairment
using the following:

“Do you have problems:

1) Hearing or understanding normal conversation;
2) Hearing in noisy areas;
3) Hearing at movies or at church;

4) Hearing on the job”.

The presence of tinnitus at examination was based on a positive
answer to the question—“Do you have ringing in your ears?”

For some analyses categories for the percentage of time exposed
to loud or very loud noise were established based on approximate
quartiles of the overall distribution (percent loud to very loud noise
<35%, 35%-69%, 70%-89%, and 290%).

Workers were classified by the percentage of work time that
they were exposed to loud or very high noise based on
the anchors described above. The data on percent of time
exposed to loud or very loud noise by occupation confirmed that
workers in administrative, scientific, or security jobs reported less
frequent loud or very loud occupational noise exposure. These
participants were grouped together into a referent subpopulation
for estimation of risk ratios (RR) among construction trades
workers. They comprise 1304 (6.7% of all) workers with hearing
impairment results and 1181 (6.5%) with tinnitus results
(see Table 4).

2.2 | Data analyses
Stratified analyses were used to estimate the prevalence of any
hearing impairment, impairment by severity, and worker-reported
tinnitus by age, sex, and job category. Log-binomial and Poisson
regression models'” were used to explore the risk of hearing
impairment by construction trade while adjusting for sex, age, and
cigarette smoking. 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 on hearing impairment in this older
population. Smoking was included in the models because our
previous work within this cohort and other studies have shown
smoking to be significantly associated with hearing loss.”"'® Both
smoking status (never, former, current) and pack-years were
included in the models for optimal control of confounding by
smoking.

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.°

2.3 | Ethics review and approval

All BTMed procedures and materials were reviewed and approved by
the Central Department of Energy Institutional Review Board
(CDOEIRB). All BTMed participants provide informed consent. The
use of BTMed data for the current analyses was approved by the
CDOEIRB on February 21, 2022.
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TABLE 1

Severity of hearing
impairment

Mild

Moderate

Moderately severe

Severe

Profound

Audiometric
hearing threshold®

20-34dB

35-49 dB

50-64 dB
65-79 dB

80-94 dB

Hearing impairment audiometric definitions®

GBD study lay description (no tinnitus)

Has great difficulty hearing and understanding

another person talking in a noisy place (e.g., on
an urban street)

Is unable to hear and understand another person

talking in a noisy place (e.g., on an urban street),
and has difficulty hearing another person
talking even in a quiet place or on the phone

Not generated by the GBD Study

Is unable to hear and understand another person

talking, even in a quiet place, and unable to
take part in a phone conversation. Difficulties
with communicating and relating to others
cause emotional impact at times (e.g., worry or
depression)

Is unable to hear and understand another person

talking, even in a quiet place, is unable to take
part in a phone conversation, and has great
difficulty hearing anything in any situation.
Difficulties with communicating and relating to
others often cause worry, depression, or

INDUSTRIAL MEDICINE]

GBD study lay description (with tinnitus)

Has great difficulty hearing and understanding

another person talking in a noisy place (e.g., on
an urban street), and sometimes has annoying
ringing in the ears.

Is unable to hear and understand another person

talking in a noisy place (e.g., on an urban street),
has difficulty hearing another person talking
even in a quiet place or on the phone, and has
annoying ringing in the ears for 5 min at a time,
almost every day

Not generated by the GBD Study

Is unable to hear and understand another person

talking, even in a quiet place, is unable to take
part in a phone conversation, and has annoying
ringing in the ears for more than 5min at a
time, almost every day. Difficulties with
communicating and relating to others cause
emotional impact at times (e.g., worry or
depression)

Is unable to hear and understand another person

talking, even in a quiet place, is unable to take
part in a phone conversation, has great

difficulty hearing anything in any situation, and
has annoying ringing in the ears for more than
5 min at a time, several times a day. Difficulties

loneliness

Complete > 95dB

Abbreviation: GBD, global burden of disease; NEC, not esewhere cassified.

Cannot hear at all in any situation, including even
the loudest sounds, and cannot communicate
verbally or use a phone. Difficulties with
communicating and relating to others often
cause worry, depression, or loneliness

with communicating and relating to others
often cause worry, depression, or loneliness

Cannot hear at all in any situation, including even
the loudest sounds, and cannot communicate
verbally or use a phone, and has very annoying
ringing in the ears for more than half of the day.
Difficulties with communicating and relating to
others often cause worry, depression, or
loneliness

2Adapted from Masterson.*® And based on the Global Burden of Disease Study.'®
bAverage hearing threshold across 500, 1000, 2000, and 4000 Hz in the better ear.

3 | RESULTS

The study cohort included 21,340 workers with audiometric data and
was overwhelmingly male (92.1%). The race/ethnicity distribution
was 83.5% White, 11.1% Black, and 4.7% other (152, 0.7% were
missing race/ethnicity). The population mean age was 60.0 years
(standard deviation=12.1). Workers in construction trades com-
prised 85.3% of the cohort and these workers had worked a median
of 26 years (interquartile range 12-36) in construction trades.
Prevalence of any hearing impairment and severity of impairment
by sex and age are shown in Table 2. The overall prevalence of any
hearing impairment was 55.17% with higher overall prevalence for
males (57.69%) than females (26.83%). Hearing impairment preva-
lence increased rapidly with age, reaching 95.74% among those over

85 years. Within the age category when many workers retire (56-65),
56.34% had AHI.

Predominant impairment severity categories were mild impair-
ment (31.76%) and moderate impairment (15.41%). The prevalence
of more severe impairment categories increased with age. Among
those 56-65 years, 1.88% had moderately severe to complete
impairment.

The overall prevalence of tinnitus was 46.52% and, similar to
hearing impairment, was more prevalent in males (50.29%) than
females (40.73%). Tinnitus prevalence increased progressively with
age through 85 years, with the highest prevalence (54.82%) observed
among workers 76-85 years of age.

Table 3 provides estimates of hearing impairment and tinnitus

prevalence and RR by reported time exposed to loud or very loud
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TABLE 2 Hearing impairment prevalence among BTMed participants by age and sex
Hearing impairment prevalence (%) by severity category
Moderately Tinnitus
Workers Any impairment Mild Moderate severe Severe Profound Complete prevalence®
Variable tested Number (%) Number (%) Number (%) Number (%) Number (%) Number (%) Number (%) Number (%)
Sex
Male 19652 11338 (57.69) 6473 (32.94) 3196 (16.26) 1201 (6.11) 319 (1.62) 118 (0.60) 31 (0.16) 9262 (50.29)
Female 1688 436 (25.83) 304 (18.01) 93 (5.51) 24 (1.42) 10 (0.59) 4(0.24) 1 (0.06) 657 (40.73)
Age group (years)
<35 414 30 (7.25) 22 (5.31) 3(0.72) 3(0.72) 2 (0.48) 0 (0.00) 0 (0.00) 116 (28.43)
36-45 2081 350 (16.82) 283 (13.60) 46 (2.21) 11 (0.53) 8(0.38) 2 (0.10) 0 (0.00) 737 (36.76)
46-55 5200 1819 (34.98) 1360 (26.15) 315 (6.06) 96 (1.85) 30 (0.58) 13 (0.25) 5(0.10) 2274 (45.94)
56-65 6796 3822 (56.24) 2589 (38.10) 878 (12.92) 252 (3.71) 66 (0.97) 32 (0.47) 5 (0.07) 3373 (52.87)
66-75 4488 3542 (78.92) 1829 (40.75) 1193 (26.58) 381 (8.49) 97 (2.16) 33 (0.74) 9 (0.20) 2277 (55.00)
76-85 2056 1919 (93.34) 649 (31.57) 738 (35.89) 392 (19.07) 99 (4.82) 32 (1.56) 9 (0.44) 1024 (54.82)
>85 305 292 (95.74) 45 (14.75) 116 (38.03) 90 (29.51) 27 (8.85) 10 (3.28) 4(1.31) 118 (41.99)
Overall 21340 11774 (55.17) 6777 (31.76) 3289 (15.41) 1225 (5.74) 329 (1.54) 122 (0.57) 32 (0.15) 9919 (46.52)

#Tinnitus data missing for 1308 BTMed participants. Tinnitus prevalence estimated using 20032 participants with data.

TABLE 3 Hearing impairment and tinnitus by prevalence and risk ratios by reported occupational noise exposure
Hearing impairment Tinnitus
Percent of time exposed Number Prevalence Number Prevalence
to loud to very loud noise workers® number (%) Risk-ratios (95%Cl)® workers® number (%) Risk ratios (95% CI)°
<35 5078 2677 (52.72) 1.00 (Ref) 4839 2136 (44.14) 1.00 (Ref)
35-69 4997 2662 (53.07) 1.07 (1.04-1.11) 4727 2293 (48.51) 1.12 (1.07-1.17)
70-89 4234 2320 (54.79) 1.14 (1.11-1.18) 4019 2037 (50.68) 1.18 (1.13-1.23)
> 90 6791 4006 (58.99) 1.21 (1.18-1.24) 6387 3419 (53.53) 1.24 (1.19-1.28)

#Noise exposure or tinnitus data or missing for 1368 workers.

bAge, sex, and smoking adjusted regression model with age entered as a restricted cubic spline with knots starting at age 30. Smoking status (never,

former, or current) and pack-years covariates were included in the models.

noise. RR were generated in multivariate models that adjusted for
sex, age, and smoking, using those exposed <35% of the time as the
referent category. Although the prevalence of both hearing impair-
ment and tinnitus were substantial even among those with excessive
noise exposure <35% of the time, hearing impairment and tinnitus
were significantly associated with increasing self-reported occupa-
tional noise exposure. Among workers with any hearing impairment,
61.05% reported tinnitus compared with 35.63% among workers
without AHI.

The prevalence of any hearing impairment and tinnitus among
construction trades workers in comparison to the lower noise-
exposed referent category (workers in administrative, scientific, or
security jobs) is shown inTable 4. This table also presents data on the
worker-reported percent of time exposed to loud or very loud noise.
The percent of time with excessive noise exposure was 38.3% for
workers in administrative, scientific, or security jobs compared with

63.2% for construction trades workers overall. Boilermakers and

operating engineers reported that they were exposed to loud noise
more than 70% of the time.

Hearing impairment prevalence was much higher for all
construction trades (56.73%) than for workers in administrative,
scientific, or security jobs (41.18%), and ranged from 46.52% to
65.79% across individual construction trades. The multivariate model
for hearing impairment, with adjustment for age, sex, and smoking,
found that all but one of the construction trades were at significantly
increased risk of hearing impairment with RR ranging from 1.12 to
1.58. The only trade that did not achieve statistical significance was
machinist, with the smallest number of participants (N =162);
however, the relative risk was borderline significant (RR=1.12,
95% Cl=0.97-1.29).

The prevalence of tinnitus was 43.18% in the referent category
of administrative, scientific, or security workers and 50.22% for
construction trades as a group. The highest tinnitus prevalence

(64.25%) was seen among boilermakers, who also reported the
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highest duration of exposure to loud noise. The multivariate model,
with adjustment for age, sex, and smoking, found construction
workers as a group to be at significantly increased risk of tinnitus
(RR=1.14, 95% Cl=1.07-1.22). While the relative risk for each
individual trade was in excess of 1.00, ranging from 1.06 to 1.42, not
all relative risks were statistically significant.

4 | DISCUSSION

This study found that construction workers have a high prevalence of
hearing impairment as a group, extending across all construction
trades. The overall prevalence of hearing impairment among
construction workers (56.73%) is much higher than reported by
NIOSH based on national survey data (16.29%).2° This large
difference is largely due to the differing age distributions of the
two study populations. The NIOSH study® involved largely
employed workers (age 65 or younger) whereas our BTMed study
included a much larger number of workers older than 65.

In addition to hearing impairment by audiometric case defini-
tions, construction trade workers had a high prevalence of self-
reported tinnitus. Compared with lesser noise-exposed workers in
this study cohort, construction trade workers as a group were at
significantly increased risk of tinnitus. Tinnitus was present in 61% of
workers with AHI and the risk of tinnitus was significantly associated
with self-reported occupational exposures to loud or very loud noise.

As described above, BTMed collects information on self-reported
hearing impairment using the following questions—“Do you have
problems: (1) Hearing or understanding normal conversation; (2) Hearing
in noisy areas; (3) Hearing at movies or at church; (4) Hearing on the
job". Based on a positive answer to any of these questions, 71.59% of
workers in this study had self-reported hearing impairment compared
with 55.17% by audiometric case criteria. Interestingly, among those
without hearing impairment determined by audiometry, 24.48% had
self-reported hearing impairment. Workers with self-reported hearing
impairment and no AHI reported tinnitus 76.50% of the time.

Consistent with other studies our results support the conclusion
that tinnitus with or without hearing loss by audiometric criteria
contributes to hearing difficulty.!* Others' research suggest that
those with tinnitus but not audiometric hearing loss may have
subclinical auditory damage.?*?? Self-reported hearing loss without
measured hearing impairment has been shown to predict poorer
quality of life among older adults.?®

Choice of a reference population for hearing loss risk assessment
presents a significant challenge. We used an internal population of
workers in jobs with less frequent reported occupational exposure to
loud or very loud noise. We have previously estimated hearing loss risk
in this population using data from an external population of workers
from 22 diverse companies with the United States and Canada and
identified as having occupational exposures <80 dBA.”?*2° These data
were provided by NIOSH. In a separate model (not shown) we
estimated the risk of hearing impairment for construction trade workers

relative to the NIOSH low-noise exposed group (N = 1914), controlling

for sex and age. Data on smoking were not available within the NIOSH
data and analyses were restricted to workers less than 65 years of age
as the NIOSH comparison population included few workers over 65.
The RR for hearing impairment for construction trades workers using
the external referent population was 1.44 (95% Cl=1.27-1.65)
compared with a RR of 1.37 (95% Cl =1.29-1.45) using the internal
referent group, suggesting that our internal comparison group was a
reasonable choice.

Our statistical models, assessing the risk of hearing impairment
by construction trade group, included important confounders (age,
sex, and smoking) identified from the literature and during initial
model building. We conducted several sensitivity analyses to assess
potential confounding by covariates not included in the models.
Nonoccupational noise exposure may contribute to hearing impair-
ment. The BTMed medical history includes questions about
participation in nonwork-related activities. Our prior analyses did
not find important confounding of construction-related risks by
nonwork-related activities possibly associated with elevated noise
exposures (hunting, use of power equipment (including farm
equipment and chain saws), auto racing, use of indoor firing ranges,
listening to loud music or playing in a band, and operation of power
boats, recreational vehicles or motorcycles).”’ A comparable model
(not shown) was developed for the current study and did not find
important confounding by nonwork-related activities. The RR for
construction trades changed less than 2% with or without the
covariate for nonwork-related activities in the model.

Our risk models by trade did not include race/ethnicity and about
0.7% of workers were missing data on this covariate. In initial model
building we investigated race/ethnicity (White, Black, and all other) as
a potential confounder and found that race/ethnicity did not
confound the association between trade group and hearing loss.
The RR for construction trade groups changed a maximum of 6% with
or without race/ethnicity in the models and most less than 2%. We
chose to leave race/ethnicity out of the final models to preserve
statistical power for the primary study objective. Our model building
did show that Black race/ethnicity was associated with reduced risk
compared with White race/ethnicity (RR=0.66 (95%Cl = 0.62-0.70).

Some medical conditions are associated with hearing impairment. In
separate models (not shown) we investigated potential for confounding
by the history of hypertension, diabetes, hyperlipidemia, or head trauma.
No significant association was observed for hypertension (p = 0.1943) or
hyperlipidemia (p=0.1301). Increased risk of hearing impairment was
associated with a history of diabetes (RR = 1.04, 95% Cl = 1.01-1.07) or
a history of head trauma (RR=1.06, 95% Cl=1.03-1.09). These RR
were modest in magnitude and did not confound the association
between construction trade group and hearing impairment as the RR for
construction trade groups changed a maximum of 4%, and less than 1%
for most trade-groups, with or without covariates for diabetes and head
trauma in the model.

Our study has a number of strengths and limitations. Our
population includes participants with a broad age range, but it is unique
in that a third are over the age of 65, thus providing insight into the
progression of hearing loss after retirement age. The number of
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construction trades workers with audiometric data and other covariates,
including smoking, was large, which allowed more detailed analyses by
specific construction trades. We also were able to evaluate potential
confounding by participation in some high noise recreational activities.
An important strength is the availability of a comparison group which
intuitively would have lower exposures. However, it has limitations.
First, we do not have actual noise exposure measurements, but we were
able to verify this selection with self-reported noise exposure data.
Additionally, sensitivity analyses using exposed external referent group
with low-noise produced comparable results. Nevertheless, these
comparison groups still reported significant exposure to loud or very
loud noise at work (our comparison group reported this 38% of the
time), which likely resulted in underestimation of the relative risk of

hearing impairment by construction trade.

5 | CONCLUSIONS

Construction trades workers are at significantly increased risk of
hearing impairment and tinnitus, which often coexist. Tinnitus occurs
frequently among individuals without audiometric hearing loss,
contributes to worker-reported hearing difficulty, and should be
given more attention when assessing work-related hearing loss.

Hearing impairment and tinnitus prevalence were much higher in
this study compared with previous reports. A significant reason for
the difference is that BTMed follows participants after they have
retired. To draw conclusions about the risk for work-related chronic
diseases and disorders it is important to follow workers longitudinally
through their lifetime.

These findings reinforce the need to promote noise reduction

and hearing conservation in construction.
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