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Background: The purpose of this studywas to estimate the prevalence of occupational

noise exposure, hearing difficulty and cardiovascular conditions within US industries

andoccupations, and toexamine anyassociations of theseoutcomeswithoccupational

noise exposure.

Methods:NationalHealth InterviewSurvey data from2014were examined.Weighted

prevalence and adjusted prevalence ratios of self-reported hearing difficulty,

hypertension, elevated cholesterol, and coronary heart disease or stroke were

estimated by level of occupational noise exposure, industry, and occupation.

Results: Twenty-five percent of current workers had a history of occupational noise

exposure (14% exposed in the last year), 12% had hearing difficulty, 24% had

hypertension, 28% had elevated cholesterol; 58%, 14%, and 9% of these cases can be

attributed to occupational noise exposure, respectively.

Conclusions: Hypertension, elevated cholesterol, and hearing difficulty are more

prevalent among noise-exposed workers. Reducing workplace noise levels is critical.

Workplace-based health and wellness programs should also be considered.
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1 | INTRODUCTION/BACKGROUND

Hazardous noise is one of the most common occupational hazards in

the United States with over 22 million workers exposed.1 Along with

hearing difficulty, noise exposure has been linked to many health

effects. Particularly concerning is its proposed link to several

manifestations of cardiovascular disease, including hypertension

(chronically elevated blood pressure), arteriosclerosis (abnormal

thickening or hardening of the arterial walls), and ischemic or coronary

heart disease (CHD).2 The pathway from noise exposure to these

manifestations has been theorized to work through both the

autonomic nervous system and endocrine system via a stress response

that elevates many of the key biological risk factors for cardiovascular

disease such as blood pressure and blood lipids (ie, cholesterol).3

The distribution of these conditions amongworkers have not been

well-characterized in nationally representative studies by industry and

occupation. A study analyzing Behavioral Risk Factor Surveillance

System (BRFSS) data estimated hypertension and elevated cholesterol

prevalence in current workers by occupation, but its generalizability

may be limited due to being based on data from only 21 states.4

Another study estimated the prevalence of CHD or stroke among
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current US workers by industry using 2010 National Health Interview

Survey (NHIS) data, but did not include estimates for those over age

55.5 Existing hypertension and hearing difficulty prevalence estimates

by industry and occupation are based on 20106 and 2007 NHIS data

respectively.7 Themost recent published estimates of hazardous noise

exposure prevelence by industry are based on 1999-2004 National

Health and Nutrition Examination Survey (NHANES) data.1 To our

knowledge, there are no studies presenting the distribution of elevated

cholesterol by industry, CHD or stroke by occupation, or job-related

noise exposure by occupation among US workers. New and updated

surveillance information is needed for targeting prevention efforts

among workers and assessing progress over time.

It follows that the association between occupational noise

exposure and hypertension, elevated cholesterol, CHD or stroke is of

interest; especially if reducing noise exposure may also reduce the

risk of developing these cardiovascular conditions [the causal

relationship between noise and hearing difficulty is already well-

established]. Research exploring the association between occupa-

tional noise exposure and these cardiovascular conditions has had

mixed results. The available literature is consistent in finding a

moderate association between occupational noise and hyperten-

sion.8–10 However, research regarding associations with other

manifestations of cardiovascular disease, such as elevated choles-

terol and CHD, has been less consistent, with some studies finding

no association.11,12 Many studies assessing the association between

occupational noise and cardiovascular conditions have suffered from

small sample sizes,13 inadequate control of important covariates

such as BMI or socioeconomic satus,14 or lack of generalizability due

to being conducted in a single occupation or industry.15 Additionally,

most studies were conducted on workers outside of the United

States.10,12

Using 2014 NHIS data, the objectives of this study were to: (1)

estimate the current prevalence of elevated cholesterol, CHD or

stroke, hypertension, hearing difficulty, and occupational noise

exposure among US workers by industry and occupation; and (2)

examine any associations between occupational noise exposure and

hypertension, elevated cholesterol, CHD or stroke. The adjusted risk

and the proportion of cases of each outcome attributable to noise

exposure, if any, were estimated.

2 | MATERIALS AND METHODS

2.1 | Study design and population

This study was conducted using publicly available 2014 NHIS data.

The NHIS is a cross-sectional in-person household survey of the

non-institutionalized US civilian population conducted by the

National Center for Health Statistics (NCHS) to monitor the health

of the nation. NHIS survey participants are chosen through a

complex, stratified, multi-stage sampling procedure in order to

achieve a nationally representative sample.16 Data are generally

collected via a computer-assisted face-to-face interview in the

participant's home. The survey year 2014 was chosen as it is the

most recent NHIS survey that includes questions regarding

occupational noise exposure and hearing difficulty. The 2014

NHIS was approved by the Research Ethics Review Board of the

National Center for Health Statistics and the US Office of

Management and Budget. All 2014 NHIS participants orally

consented prior to participation and the overall adult response

rate for that year was 58%.

Our sample included male and female current workers aged 18 or

older with valid industry and occupation codes for their most recent

main job. Participants were determined to be current workers if they

reported working at any time in the 12 months preceding interview.

Open-ended responses were obtained from each employed sample

adult respondent regarding his/her industry (employer's type of

business) and occupation (employee's type of work), for the main job

held in the past 12 months. The industry and occupation of each

worker'smain jobwere coded based on their verbatim response. These

responses were reviewed by US Census Bureau coding specialists who

assigned 4-digit industry and occupation codes. The data were coded

using 2011 US Census codes based on the 2007 North American

Industry Classification System (NAICS) and 2010 Standard Occupa-

tional Classification (SOC) system.17,18 To allow for sufficient sample

size to obtain more reliable estimates, we used less detailed 2-digit

industry and occupation (I&O) recodes. The industry recodes include

21 simple categories, and the occupation recodes include 23 simple

categories. The 2-digit industry recodes were also sorted into sectors

similar to theNIOSH, National Occupational Research Agenda (NORA)

sectors.19 The Management of Companies and Enterprises industry

(NAICS 55) was excluded from industry analyses due to insufficient

sample size.

2.2 | NHIS outcome and exposure questions

The outcomes of interest in this study were hearing difficulty,

hypertension, elevated cholesterol, and CHD or stroke. Hearing

difficulty was assessed based on the question “Is your hearing

excellent, good, a little trouble hearing, moderate trouble, a lot of

trouble, or are you deaf? [without the use of hearing aids or other

assistive devices]” Answers of “a little trouble hearing,” “moderate

trouble,” and “a lot of trouble” were grouped together as “Yes” (has

difficulty) and answers of “excellent” or “good hearing” were grouped

together as “No” (does not have difficulty). Those who reported

excellent hearing in one ear and deafness in the other were excluded

from the analysis as this kind of hearing impairment is unlikely to be

caused by occupational exposures.20 Thosewho reported being deaf in

both ears were also excluded as this is unlikely to have been caused

predominately by occupational noise, and because bilateral deafness

would prevent the worker from having any potential cardiovascular

effects from noise.21 Workers who reported having any level of

hearing difficulty were asked about the main cause. Workers who

reported that their hearing difficulty was: (1) present at birth due to the

mother having an infectious disease or a genetic defect; (2) present

after birth due to an infectious disease; or (3) from a brain tumor, were

excluded from the analysis. These causes are definitive and verifiable,
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and with the exception of a brain tumor (14 cases), would likely have

occurred before encountering any occupational noise.21

All of the cardiovascular conditions assessedwere defined as “Yes”

if the respondent reported “ever having been told by a doctor or other

health professional” that they had the condition. CHD was considered

present if the subject reported ever being told by a health professional

that they had at least one of the following conditions: CHD, angina

pectoris, or myocardial infarction.12 CHD and stroke were examined

together as a single outcome due to the small numbers of respondents

with these conditions; workers with these conditions usually leave the

workforce.5 To examine the effect that this loss from the workforce

had on the association of noise with these conditions, all analyses

regarding CHD or stroke were performed on both the entire study

sample and among those under age 56.22 Hypertension and elevated

cholesterol were assessed only among thosewho reported ever having

this condition checked. Thirteen percent of workers reported never

having their cholesterol levels checked and 2% reported never having

their blood pressure checked.

History of occupational noise exposure was assessed using the

following two questions asked in order: (1) “Have you ever had a job, or

combination of jobs, where you were exposed to very loud sounds or

noise for four or more hours a day, several days a week? Very loud

means so loud that you must SHOUT in order to be understood by

someone standing three feet (arm's length) away”; and (2) “Have you

ever had a job, or combination of jobs,where youwere exposed to loud

sounds or noise for four or more hours a day, several days a week?

Loud means so loud that you must SPEAK IN A RAISED VOICE to be

heard.” Only those who answered “No” to the first question were

asked the second question. Workers who answered “Yes” to the first

question were categorized as having had “Very Loud” exposure; those

who answered “Yes” to the second question were categorized as

having had “Loud” exposure, and those who answered “No” to both

questions were categorized as having had “No Exposure.” When

analyzed dichotomously, workers who answered “Yes” to the first or

second question were categorized as having “Very Loud or Loud”

exposure. Occupational noise exposure within the last 12 months was

also assessed using a follow-up question but was not the primary noise

outcome.

The covariates of interest in this analysis were age, gender, race/

ethnicity, education, BMI, smoking, alcohol use, and diabetes. Age was

grouped into seven categories (18-25, 26-35, . . . 76+) for comparison

with prior studies.7 Race and ethnicity were combined and workers

reporting Hispanic or Spanish origin were categorized as Hispanic.

Workers with American Indian, Alaska Native, race group not

releasable, and multiple race were categorized as Other Race/

Ethnicity. The highest education level achieved by a living member

of the family was used as a proxy for SES. BMI was based on self-

reported height and weight and was dichotomized into obese (≥30)

and not obese (<30). Smoking was recoded into current, former, and

never. Current alcohol usewas regrouped into nondrinker, infrequent/

light drinker andmoderate/heavier drinker. Finally, diabeteswas based

on the participant reporting ever having been told by a doctor or other

health professional that they had diabetes.

2.3 | Statistical analysis

Weighted prevalence estimates for each outcome by level of

occupational noise exposure, industry, occupation, and each covariate

were estimated using the SAS surveyfreq procedure. Prevalence

estimates with relative standard error (RSE) >30% and <50% are noted

and estimates with RSE >50% are not reported. Weighted adjusted

prevalence ratios (PRs) with 95% confidence intervals for each

outcome by level of occupational noise exposure and each covariate

were estimated utilizing the SUDAAN procedure rlogist. The SUDAAN

rlogist procedure can produce PRs in addition to odds ratios and these

can be interpreted as relative risk estimates.23 The PRs were adjusted

for age, gender, race/ethnicity, education, BMI, smoking status, alcohol

use, and diabetes. The adjusted PRswere used to generate the fraction

of cases of each outcome attributable to each level of occupational

noise exposure [(PRadjusted − 1)/PRadjusted]. Weighted adjusted PRs

with 95% confidence intervals for each of the cardiovascular

conditions by history of noise exposure in combination with the

presence or absence of hearing difficulty were also estimated.

The reference industry assigned for the industry analyses of

hearing difficulty was Finance and Insurance, as it had the lowest

prevalence of noise exposure in our study sample, was designated as

the reference industry in a previous analysis of NHIS data, and has

been shown to have a lower risk of hearing loss.24 Business and

Financial Operations was assigned as the reference occupation for the

occupation analyses of hearing difficulty, as it had one of the lower

prevalences of noise exposure in our study and allows for better

consistency of comparison. The literature is inconsistent as to which

industry or occupation has the lowest risk for the cardiovascular

conditions, so the reference was designated as all other industries or

occupations combined. The reference group for noise exposure was

“No exposure.” Reference groups for each covariate are designated in

Table 1. All analyses were performed using SAS version 9.3 (SAS

Institute Inc., Cary, NC) and SUDAAN version 11 (RTI International,

Research Triangle Park, NC) statistical software.

3 | RESULTS

Of the 22 906 current workers, 49% were male, 62% were white and

55% had a college degree (Table 1). The prevalence of each condition

among workers was: hearing difficulty 12%, hypertension 24%,

elevated cholesterol 28%, and CHD or stroke 4%. Twenty-five percent

of workers self-reported ever having been exposed to occupational

noise with 14% exposed in the last 12 months (data not shown). For all

the conditions, risk increased with age and was significantly higher

among males, former smokers, and obese and diabetic workers.

Alcohol use showed more of a mixed association depending on the

outcome, with: (1) no significant difference between both infrequent/

light and moderate/heavier drinkers and non-drinkers for hearing

difficulty or hypertension; (2) a significantly higher risk among

moderate/heavy drinkers for elevated cholesterol; and (3) a signifi-

cantly lower risk among all drinkers for CHD or stroke compared to

nondrinkers when all age-groups were included.
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3.1 | Prevalence and risk within industries

The industries with the highest prevalence of self-reported occupa-

tional noise exposure were Mining (61%), Construction (51%),

Manufacturing (47%), Utilities (43%), and Transportation and Ware-

housing (40%) (Table 2). Workers in Mining, Utilities, and Manufactur-

ing had significantly higher risks of hearing difficulty than workers in

Finance and Insurance, with 150%, 90%, and 72% higher risks,

respectively. Only a few industries had significantly higher risks for the

cardiovascular conditions than all other occupations combined.

Healthcare and Social Assistance had a significantly higher risk of

hypertension (PR:1.10, CI:1.01-2.10) and Public Administration had a

significantly higher risk of elevated cholesterol (PR:1.10, CI:1.01-2.10).

Arts, Entertainment, and Recreation had a significantly higher risk of

CHD or stroke (PR:1.70, CI:1.02-2.83) despite having a significantly

lower risk of both hypertension and elevated cholesterol.

3.2 | Prevalence and risk within occupations

The occupations with the highest prevalence of self-reported

occupational noise exposure were Production (55%), Construction

and Extraction (54%), Installation, Maintenance and Repair (54%),

Transportation and Material Moving (44%), and Protective Service

(36%) (Table 3). About half of the occupations had significantly

higher risks of hearing difficulty when compared with Business and

Financial Operations. Installation, Maintenance, and Repair had the

highest risk for hearing difficulty (PR: 2.03 CI: 1.36-3.03), followed

by Production (PR: 1.82, CI: 1.42-2.34). Healthcare Support had the

highest risk of hypertension (PR: 1.27, CI: 1.02-1.58), followed by

Production (PR: 1.15, CI: 1.03-1.29). Installation, Maintenance, and

Repair had an increased risk of elevated cholesterol (PR: 1.21, CI:

1.02-1.44) and Architecture and Engineering had an elevated risk of

CHD or stroke when assessed among just those under age 56 (PR:

2.12, CI: 1.05-4.29).

3.3 | Association between occupational noise
exposure and hearing difficulty

There was a clear dose response relationship between self-reported

level of occupational noise exposure and hearing difficulty, and these

results are presented in the tables/figures. However, sinceworkers can

be exposed to both loud and very loud noise throughout their careers

and workers who reported very loud noise exposure were not asked

about their loud noise exposure, the prevalence of loud noise exposure

only includes workers exposed to loud noise alone (ie, not those

exposed to both very loud and loud noise). Our results and discussion

will mainly focus on any occupational noise exposure (loud or very loud

noise exposure).

A history of occupational noise exposure led to a significantly

elevated risk of both hypertension (PR: 1.16, CI: 1.09-1.23) and

elevated cholesterol (PR: 1.10 CI: 1.01-1.19), but was not significantly

associated with CHD or stroke even when the analysis was restricted

to those under the age of 56. Based on these data, among US workers,T
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58% of hearing difficulty cases, 14% of hypertension cases, and 9% of

elevated cholesterol cases can be attributed to exposure to

occupational noise (Figure 1). Workers with hearing difficulty,

regardless of noise exposure, had a significantly elevated risk of

each cardiovascular condition assessed. Workers with a history of

noise exposure but no reported hearing difficulty had a significantly

elevated risk of hypertension and elevated cholesterol only (Table 4).

4 | DISCUSSION

To our knowledge, this is the first study to report the prevalence of

elevated cholesterol by industry, CHD or stroke by occupation, and

occupational noise exposure by occupation. It is also the first study to

generate the fraction of hearing difficulty, hypertension, elevated

cholesterol and CHD or stroke attributable to occupational noise

exposure. We will first discuss the prevalence of the outcomes among

all workers and within industries and occupations, followed by a

discussion of the associations with occupational noise exposure.

In this study, hypertension prevalence was similar to that found in

an analysis of the 2010 NHIS data (4% higher) and the industries and

occupations with the highest prevalences remained nearly the same.6

Also similar to Kaur et al,6 the Healthcare Support industry and its

corresponding occupation, Healthcare and Social Assitance, showed

an elevated risk of hypertension compared to all other industries

combined and all other occupations combined, respectively.While this

industry and occupation did not have a high prevalence of noise

exposure in this study and had the lowest noise prevalence among

industries in prior research,1 it is subject to shift work which has been

linked to cardiovascular conditions including hypertension.25 Addi-

tionally, this elevated prevalence could be influenced by detection bias

as workers in this field are more likely to regularly receive blood

pressure screening. Production was the only other occupation group

with an elevated risk for hypertension. This occupation group had the

highest prevalence of noise exposure. Production workers also often

work in shifts, leading to increased risk for cardiovascular disease.25

Although the prevalence of elevated cholesterol was recently

reported by occupation, those estimates were adjusted for noted

demographics and risk factors 4 and thus are not directly comparable to

our study results which aremeant to establish the overall prevalence in

each occupation. In our study, workers in Public Administration had a

higher risk of elevated cholesterol compared to all other industries

combined. While the noise prevalence was not high, many of these

workers are employed in offices with sedentary jobs. Sedentary jobs

have been shown to increase one's risk for metabolic syndrome which

includes hypertension and elevated cholesterol.26,27 Firefighters and

police officers also work in this industry, and these occupations often

include long segments of inactivity between fires and police actions.

Police officers and firefighters also experience a number of physical

and psychological stressors, such as noise and trauma, which put them

at a higher risk for cardiovascular conditions like elevated choles-

terol.28,29 The Installation, Maintenance, and Repair occupation group

also had a significantly higher risk of elevated cholesterol. This

occupation group also had one of the highest prevalences of

occupational noise.

The prevalence of CHD or stroke for workers under age 56 (2%)

matched a previous study (2%) which also reported prevalence by

industry.5 In contrast to our industry analysis among all adult workers,

when this analysis was restricted to workers under age 56 the

distribution among industries and occupations better matched that of

occupational noise. Thismight be explained by the stronger association

of CHD or stroke to age than to other risk factors (eg, noise) among

older adults,22 and workers transitioning to less physical and

correspondingly less noisy jobs as they age.30 This effect of age may

also explain why Arts, Entertainment, and Recreation workers had an

increased risk for CHDor strokewhen assessed among all ages, but not

when analysis was restricted to those under age 56.

FIGURE 1 Percent of cases of hearing difficulty and cardiovascular outcomes attributable to occupational noise exposure, 2014a. aData are
from the National Health Interview Survey, 2014 adult sample. bAttributable fractions (in percents) were calculated using prevalence ratios
adjusted for gender, age, race/ethnicity, education, BMI, smoking status, alcohol use, and diabetes. *Attributable Fraction is based on a non-
significant prevalence ratio
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Associations of studied outcomes with occupational noise

exposure varied. Our results confirmed the strong relationship

between worker hearing difficulty and occupational noise exposure

in that the majority of cases (58%) were attributable to noise. Among

the cardiovascular conditions, hypertension appears to be the most

strongly linked to noise exposure in our analysis and is the most

consistently noise-linked condition in the literature.10 Our analysis

also showed that those exposed to occupational noise had a

significantly elevated prevalence of elevated cholesterol. However,

this relationship has been less consistently observed the literature

than hypertension. Some studies found no association at all11 and

others found an association with only certain types of cholesterol,

such as a lower HDL among those with bilateral high frequency

hearing loss.31

Although our estimates related to the association of occupational

noise toCHDor stroke failed to achieve significance, they areconsistent

in magnitude with the current literature10,12 and may have been

influenced by the low prevalence of these conditions among current

workers and the associated lack of power.While both hypertension and

elevatedcholesterolwere foundtobesignificantlyassociatedwithnoise

exposure among those who did not report hearing difficulty, the

prevalence of CHDor strokewas found to be significantly elevated only

among workers who had both hearing difficulty and a history of

occupational noise exposure. This association was strengthened when

the analysiswas restricted to those under age 56. Thismay indicate that

noise exposure needs to be of a sufficient duration to cause hearing

difficulty before it begins tomeasurably affect the risk ofCHDor stroke.

Workerswithhearingdifficulty andnohistoryofoccupationalnoisealso

had an elevated risk of CHD or stroke. Workers who reported hearing

difficulty but no occupational noise exposure weremore likely to report

that their hearing losswas due to aging than any other cause (35%; data

not shown) and were significantly less likely to report exposure to

recreational noise than those reporting both hearing difficulty and

occupational noise exposure (P < 0.0001). This may be due to a reduced

understanding of hazardous environmental noise levels compared to

occupationally exposed workers who usually have participated in

worksite hearing conservation programs and likely received at least

some related safety training.

In light of the significant association between a history of

occupational noise exposure and both hypertension and elevated

cholesterol, the high prevalence of current workers who have ever

been exposed (41 million) and, more specifically, exposed in the last

12 months (22 million) is noteworthy. A recent publication, also

examining the 2014 NHIS dataset, related to noise exposures among

all US adults reported similar results.32 Tak et al1 also estimated that 22

million US workers were exposed to occupational noise in the past

12 months using 1999-2004 NHANES data. This number has not

improved in the subsequent 10-15 years, although the percentage

exposed decreased from 17% to 14%. However, the exposure question

used in theTaketal1 paper allowed foranydurationof exposurewhereas

our analysis required “4 or more hours a day, several days a week.” This

may further indicate a lack of real improvement in reducing noise

exposures in the workplace. The industries and occupations with the

highest risk for exposure remained the same as in 1999-2004.1 The

prevalence of hearing difficulty among USworkers is nearly the same as

last estimated using 2007 data (1% higher) and the industries and

occupations with the greatest risk remain the same.7

There were several limitations to this study. We cannot infer

causality due to the cross-sectional nature of theNHIS survey, which is

prone to reverse causality. However, the causal link between noise and

hearing difficulty is well-established.2 While all variables were based

on self-report which can lead to biased estimates, the survey questions

have been validated. The question assessing hearing difficulty was

validated against audiometric threshold estimates,21 and the hyper-

tension and CHD/stroke questions were validated against medical

records.33 All were found to have high specificity and moderate to

good sensitivity. However, the question for elevated cholesterol has

been shown to be much less reliable in similar validation attempts.34

The arrangement of the noise exposure questions may have led to

workers being potentially misclassified into the higher exposure level.

However, recall of occupational noise exposure in general has been

found to be valid when rating the level of noise.35,36 This study was

unable to control for the duration of noise exposure as the relevant

NHIS questions are insufficient to reconstruct lifetime dose and have

yet to be validated. This may have biased estimates of association with

cardiovascular disease toward the null. Additionally, there are other

TABLE 4 Cardiovascular conditions by history of occupational noise exposure and presence of hearing difficulty (HD) in current US workers,
2014 (N = 22 906)a

Unweighted Hypertension
Elevated
cholesterol CHDb/stroke

CHD/stroke
(<age 56)

HD & noise exposure status n % PRc (95%CI)d PR (95%CI) PR (95%CI) PR (95%CI)

HD and noise exposure 1478 6.31 1.35 (1.21, 1.51) 1.28 (1.09, 1.49) 1.54 (1.16, 2.04) 2.36 (1.47, 3.79)

No HD, but noise exposed 4674 19.96 1.16 (1.07, 1.24) 1.08 (1.00, 1.18) 1.19 (0.92, 1.55) 1.25 (0.85, 1.23)

HD, but no noise exposure 1403 5.99 1.35 (1.21, 1.50) 1.22 (1.10, 1.36) 1.81 (1.29, 2.55) 2.86 (1.41, 5.80)

No HD or noise exposure 15 866 67.74 Ref Ref Ref Ref Ref Ref Ref Ref

aData are from the National Health Interview Survey, 2014 adult sample.
bCHD, coronary heart disease, defined as self-reported angina pectoris, myocardial infarction, and/or coronary heart disease.
cPR, prevalence ratio (adjusted for gender, age, race/ethnicity, education, BMI, smoking status, alcohol use, and diabetes).
d95% confidence interval.
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factors known to cause cardiovascular disease such as lack of exercise

and poor diet thatwere not controlled for in this study. However, there

are no studies linking these factors to self-reported occupational noise

exposure making it unlikely that they confound this association.

Finally, both hypertension and elevated cholesterol may be subject to

under-reporting due to lack of screening. Those reporting not being

screened were more likely to be male, a current smoker, work in a high

noise prevalence industry or occupation, report occupational noise

exposure, and report lower educational attainment (data not shown).

Given that these are also risk factors for hypertension and elevated

cholesterol, it is likely that the true prevalence and association with

noise is higher than estimated in this study.

Greater than a quarter of theUSworkforce have been impacted by

occupational noise. Its causal relationship with hearing difficulty and

biological stress is well-established2 and this study provides further

evidence of an associationwith hypertension and elevated cholesterol.

Significant percentages of worker cases of hearing difficulty (58%),

hypertension (14%), and elevated cholesterol (9%) were found to be

attributable to occupational noise, and these percentages represent

large numbers of workers. Because a causal relationship has been

established between occupational noise and hearing difficulty, the

attributable fraction identifies how many cases could be prevented if

the noise was reduced to safer levels. Specifically, we could prevent

5 302 208 of the 9 200 430 cases of hearing difficulty among noise-

exposed workers. Since causal relationships between occupational

noise and both hypertension and elevated cholesterol are still under

debate, the attributable fraction tells us the number of excess cases of

these conditions among noise-exposed workers as compared with

among non-noise-exposed workers. We can only speculate that if

there was a causal relationship between these variables, then perhaps

1 682 313 cases of hypertension and 1 215 692 cases of elevated

cholesterol among noise exposed workers could potentially be

prevented if noise was reduced to safer levels.

Reducing workplace noise and improving strategies for protecting

noise-exposed workers is critical for prevention. Worksite health and

wellness programs which include screenings for hypertension and

elevated cholesterol should also target noise-exposed workers.

Interventions can be modest in cost, such as screening workers using

portable cholesterol screening systems and portable blood pressure

monitors operated by non-medical personnel. Such interventions also

have been shown to have a substantial return on investment by

reducing losses in productivity from disease progression and boosting

morale.37 Finally, although this study makes some strides towards

characterizing the association between occupational noise and

cardiovascular disease, further research is needed to establish the

noise level at which risk increases and the exact nature of this increase.
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