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Abstract

Background: The purpose of this study was to estimate the prevalence of occupational noise
exposure, hearing difficulty and cardiovascular conditions within US industries and occupations,
and to examine any associations of these outcomes with occupational noise exposure.

Methods: National Health Interview Survey data from 2014 were 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.
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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.! 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 among workers 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.* Another study estimated the
prevalence of CHD or stroke among current US workers by industry using 2010 National
Health Interview Survey (NHIS) data, but did not include estimates for those over age55.°
Existing hypertension and hearing difficulty prevalence estimates by industry and
occupation are based on 20106 and 2007 NHIS data respectively.” The most recent published
estimates of hazardous noise exposure prevelence by industry are based on 1999-2004
National Health and Nutrition Examination Survey (NHANES) data.! 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 occupational noise exposure and these cardiovascular conditions has
had mixed results. The available literature is consistent in finding a moderate association
between occupational noise and hypertension.8-10 However, research regarding associations
with other manifestations of cardiovascular disease, such as elevated cholesterol and CHD,
has been less consistent, with some studies finding no association.11:12 Many studies
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assessing the association between occupational noise and cardiovascular conditions have
suffered from small sample sizes,3 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.1® 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.

MATERIALS AND METHODS

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’s main job were 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 Occupational
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 (1&Q) 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 the NIOSH,
National Occupational Research Agenda (NORA) sectors.1® The Management of
Companies and Enterprises industry (NAICS 55) was excluded from industry analyses due
to insufficient sample size.
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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.2® Those who 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.2: 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, and with the
exception of a brain tumor (14 cases), would likely have occurred before encountering any
occupational noise.2!

All of the cardiovascular conditions assessed were 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.}2 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.> 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 those who 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 you were 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
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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.” 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 use was regrouped into nondrinker, infrequent/light
drinker and moderate/heavier drinker. Finally, diabetes was based on the participant
reporting ever having been told by a doctor or other health professional that they had
diabetes.

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 PRs were
used to generate the fraction of cases of each outcome attributable to each level of
occupational noise exposure [(PRagjusted — 1)/PRadjustea]- 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.
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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 significantly lower risk among
all drinkers for CHD or stroke compared to nondrinkers when all age-groups were included.

3.1| Prevalence and risk within industries

The industries with the highest prevalence of self-reported occupational noise exposure were
Mining (61%), Construction (51%), Manufacturing (47%), Utilities (43%), and
Transportation and Warehousing (40%) (Table 2). Workers in Mining, Utilities, and
Manufacturing 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, C1:1.02-2.83) 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, ClI: 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, Cl: 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, since workers 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
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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, ClI: 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, 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).

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.® Also similar to Kaur et al,b 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,! it is subject to shift work which has been linked to cardiovascular conditions
including hypertension.2> Additionally, 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.2>

Although the prevalence of elevated cholesterol was recently reported by occupation, those
estimates were adjusted for noted demographics and risk factors* and thus are not directly
comparable to our study results which are meant 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
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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 cholesterol.28:22 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.® 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. This might be
explained by the stronger association of CHD or stroke to age than to other risk factors (eg,
noise) among older adults,?2 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 CHD or stroke when assessed among all
ages, but not when analysis was restricted to those under age 56.

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
all'® 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 to CHD or stroke
failed to achieve significance, they are consistent in magnitude with the current
literature1%: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
elevated cholesterol were found to be significantly associated with noise exposure among
those who did not report hearing difficulty, the prevalence of CHD or stroke was 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 analysis was
restricted to those under age 56. This may indicate that noise exposure needs to be of a
sufficient duration to cause hearing difficulty before it begins to measurably affect the risk of
CHD or stroke. Workers with hearing difficulty and no history of occupational noise also
had an elevated risk of CHD or stroke. Workers who reported hearing difficulty but no
occupational noise exposure were more likely to report that their hearing loss was 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
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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 al® 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 the Tak et al® paper allowed for any duration of exposure whereas 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 US workers is nearly the same as last estimated using
2007 data (1% higher) and the industries and occupations with the greatest risk remain the
same.’

There were several limitations to this study. We cannot infer causality due to the cross-
sectional nature of the NHIS survey, which is prone to reverse causality. However, the causal
link between noise and hearing difficulty is well-established.? 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,?! 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.3%: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 factors known to cause cardiovascular disease such as lack of
exercise and poor diet that were 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.
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Greater than a quarter of the US workforce have been impacted by occupational noise. Its
causal relationship with hearing difficulty and biological stress is well-established? and this
study provides further evidence of an association with 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.3” 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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FIGURE 1.
Percent of cases of hearing difficulty and cardiovascular outcomes attributable to

occupational noise exposure, 20142, 2Data are from the National Health Interview Survey,
2014 adult sample. PAttributable 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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TABLE 1

Page 14

Hearing difficulty and cardiovascular conditions by level of occupational noise exposure and covariates in
current US workers, 2014 (N = 22,906)°

Covariates

Total

Occupational noise exposure®

Very loud

Loud

Either

No
exposure
(ref)

Gender

Male

Female (ref)

Age group (years)

18-25 (ref)
26-35

36-45

46-55

56-65

66-75

76 and
above

Race/ethnicity
White

Hearing difficulty Hypertension Elevated cholesterol CHD® or stroke CHD or stroke (<56 years old)
Weighted Weighted Weighted Weighted Weighted

Unweighted Weighted prevalence PR prevalence PR prevalence PR prevalence PR Unweighted prevalence PR
n % N (%) (95%Ch° (%) (95%Cl) (%) (95%CI) (%) (95%Cl) n (%) (95%CI)
22906 160078577 11.56 24.03 27.67 370 17739 2.06
4991 2181 33670349 24.70 259 31.23 117 33.99 111 6.00 121 3783 3.58 142

(2:32, 2.89) (1.09, 1.25) (102, 1.21) (0.95, 1.55) (0.97, 2.08)
1055 461 6967594 1276 1.66 24.26 112 27.48 103 271 083 826 1.48 074

(1.33, 2.07) (0.99, 1.26) (0.8, 1.20) (0.53, 1.30) (0.36, 1.55)
6046 2642 40637943 22.64 236 30.02 1.16 3291 1.10 543 116 4609 3.19 131

(212, 2.62) (1.09, 1.23) (1.01, 1.19) 0.92, 1.47) (0.91, 1.89)
16840 73.58 119272701 7.75 Ref 21.95 Ref 2591 Ref 3.10 Ref Ref
11234 49.04 84035593 14.26 1.59 26.28 117 31.02 124 4.78 176 13102 1.68 157

(1.43,1.76) (1.10, 1.25) (1.16, 1.32) (1.47, 2.10) (117, 2.09)
11672 50.96 76042984 8.59 Ref 21.63 Ref 24.15 Ref 252 Ref 8768 2.53 Ref
3035 1325 25640561  3.86 Ref 557 Ref 6.51 Ref 0.50 Ref 8954 1.54 Ref
5259 2296 34697043  5.20 1.32 1231 201 1208 1.69 1.30 25 3035 050 251

(0.94,1.86) (1.55, 2.61) (1.29, 2.20) (1.21, 5.18) (1.20, 5.27)
4736 20.68 33424809 8.79 219 18.73 270 23.12 301 231 394 5259 1.30 377

(1.64, 2.93) (2.12, 3.44) (2.33, 3.88) (2.18,7.14) (2.04, 6.96)
4709 20.56 34158580 14.77 3.43 31.18 4.26 35.01 432 378 6.10 4736 231 5.67

(258, 4.56) (3.37,5.38) (3.35,5.57) (3.40, 10.98) (310, 1036)
3687 16.10 24026946 20.68 4.62 44.69 5.98 45.99 5.60 771 11.11 4709 3.78 NA

(3.52, 6.07) (4.70, 7.62) (4.32, 7.25) (6.11, 20.22)
1218 5.32 6771237 3240 6.92 56.39 7.42 5571 6.50 15.98 20.16 NA NA NA

(5.19, 9.23) (5.86, 9.39) (4.99, 8.47) (10.85, 37.46)
262 114 1359401 4344 9.44 60.34 8.44 45.62 550 2625 3334 NA NA NA

(6.72, 13.26) (6.51, 10.94) (3.97,7.62) (17.38, 63.95)
14222 62.09 104 690094 14.46 259 24.60 1.08 29.49 094 4.24 2.59 10435 217 216

(1.84, 3.66) (0.94,1.23) (0.84, 1.05) (1.61, 4.19) (1.08, 4.33)
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Black/ 2850 12.44 18020461 5.96 125 3131 1.40 2226 0.78 3.20 21
African
American

(0.84, 1.87) (1.21, 1.61) (0.68, 0.90) (1.25, 3.53)
Asian (ref) 1266 5.53 8751926 4.40 Ref 17.10 Ref 27.24 Ref 121 Ref
Hispanic 3990 17.42 25537966 6.25 147 18.69 0.93 2413 0.93 2.67 2.06

(1.01, 2.14) (0.80, 1.09) (0.82, 1.06) (1.24, 3.44)
Other race/ 578 252 3078130 9.60 191 2347 1.14 24.16 0.90 3.67 297
ethnicity

(1.08, 3.37) (088, 1.48) (0.69, 1.18) (1.52, 5.81)
Education
<High 1507 6.58 7540575 8.56 0.90 25.63 p i 54 27.72 097 5.60 1.65
school
diploma

(0.72, 1.13) (0.98, 1.28) (0.84, 1.11) (1.23, 2.22)
High school 4256 18.59 26766049 12,57 1.06 30.15 128 27.50 0.94 4.30 1.14
diploma/
GED

(0.93, 1.21) (1.14, 1.33) (0.86, 1.03) (0.92, 1.42)
Some 4566 21995 30778589 12.98 122 2487 1.14 27.21 1.01 4.59 1.44
college

(1.05, 1.41) (1.05, 1.24) (0.94, 1.10) (1.11, 1.87)
College 1256 54.87 94784123 11.06 Ref 22.00 Ref 27.86 Ref 3.10 Ref
degree (ref)
Body mass index (BMI)
Obese 6562 29.56 44584510 14.49 123 3882 1.84 33.87 119 527 133

(1.10, 1.37) (2573,41.95) (1.12, 1.26) (1.09, 1.62)
Not obese 15638 70.44 110295 472 10.43 Ref 17.48 Ref 2472 Ref 3.08 Ref
(ref)
Smoking status
Current 4080 17.89 27118564 1537 1.65 2284 1.07 2425 096 4.40 1.77
smoker

(1.44, 1.89) (0.97, 1.17) (0.87, 1.07) (1.36, 2.31)
Former 4464 19.58 30741322 17.37 126 3439 117 36.92 110 6.94 1.62
smoker

(112, 1.41) (1.08, 1.27) (1.02, 1.18) (1.31, 2.01)
Never 14258 6253 101394426 8.78 Ref 21.07 Ref 25.39 Ref 251 Ref
smoker (ref)
Alcohol use
Moderate/ 5556 24.67 38140537 317 1.00 23.76 1.01 27.52 112 325 0.78
heavier
drinker

(0.90, 1.12) (0.94, 1.09) (1.04, 1.21) (0.65, 0.95)
Light/ 10845 48.15 76925 164 11.16 0.98 23.14 1.04 2791 1.08 3.28 0.66
infrequent
drinker

(0.85, 1.13) (0.96, 1.13) (0.98, 1.20) (0.52, 0.84)
Nondrinker 6122 2718 42042727 11.07 Ref 25.98 Ref 2731 Ref 5.00 Ref
(ref)
Diabetes
Yes 1670 7.29 10691278 23.70 1.39 62.74 1.92 63.15 1.99 14.32 242

(1.19, 1.61) (176, 2.11) (1.86, 2.12) (1.98, 2.96)
No (ref) 21231 9271 149317053 1069 Ref 21.12 Ref 24.64 Ref 293 Ref

2267

1046
3482

492

1177

3233

3661

9638

5011

12213

3406

2769

11473

4399

8619

869

16852

203

0.87¢

207

221°

307

331

1.58

311

345

142

196

197

10.19

1.67
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(0.95, 3.86)

195
(0.96, 3.96)

197
(0.82, 4.73)

171

(1.09, 2.68)

(1.02, 2.02)

(1.23, 2.94)

(1.01, 1.89)

(1.40, 3.08)

(1.45, 2.70)

(0.59, 1.13)

0.67

(0.45, 1.00)

Ref

387
(2.77, 541)

Ref

a . .
Data are from the National Health Interview Survey, 2014 adult sample.
CHD, coronary heart disease, defined as self-reported angina pectoris, myocardial infarction, and/or coronary heart disease.
PR, prevalence ratio (adjusted for gender, age, race/ethnicity, education, BMI, smoking status, alcohol use, and diabetes).

a ] .
95% confidence interval.

e . . - S
Self-reported noise exposure (at least 4 hr a day, several days a week) at any time period in a current worker’s job history.

tl'he weighted prevalence of noise among US workers is 25% (21% very loud; 4% loud).

gThese estimates have a relative standard error 230% and <50% and should be used with caution as they do not meet the standards of reliability/

precision.
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TABLE 2

Page 16

Prevalence of occupational noise exposure, hearing difficulty, and cardiovascular conditions by industry and

sector for current US workers in 2014 (N =22 906)a

Current industry/
sector (NAICS?)

All industries

Agriculture,
forestry, fishing,
and hunting (11)

Mining (21)

Construction (23)

Manufacturing
(31-33)

Wholesale and
retail trade
(42,44-45)

Wholesale
trade (42)

Retail trade
(44-45)

Transportation,
warehousing,
and utilties
(48-49,22)

Utilities (22)

Transportation
and warehousing
(48-49)

Services
(51-54,56,61,
71-72,81,92)

Occupational

noise exposure  Hearing difficulty Hypertension Elevated cholesterol CHD® or stroke CHD or stroke (<56 years old)

Unweighted ~ Weighted Weighted Weighted PR Weighted PR Weighted PR Weighted PR Weighted PR
n N Prevalence (%) Prevalence (%)  (95%CI)® Prevalence (%) (95%Cl) Prevalence (%)  (95%Cl) Prevalence (%) (95%Cl) Prevalence (%)  (95%CI)
22906 156223935 2541 11.56 24.03 27.67 370 2.06
449 2423042 36.64 14.38 144 25.62 090 25.61 074 454 082 3.06' 1.06

(0.96, 2.17) (071, 1.13) (0.58, 0.95) (0.48, 1.38) (048, 2.34)
227 1066 189 61.10 23.35 250 23.29 0.96 2177 073 397¢ 0.95 4.28" 1.62

(1.57, 3.98) (0.71, 1.30) (0.48, 1.10) (0.40, 2.27) (0.60, 4.37)
1434 9868942 50.69 14.42 136 27.27 109 27.23 091 310 0.66 2.58 092

(0.94,1.98) (0.98,1.22) (0.81,1.04) (0.46,0.96) (0.56, 1.50)
2214 16322087 46.49 18.32 172 28.49 1.01 33.15 1.08 412 0.88 2.53 0.86

(.30, 2.27) 0.91,1.12) (0.96,1.21) (0.65, 1.18) (0.54, 1.38)
2860 20330828 1927 27 113 20.02 0.89 25.96 1.01 328 0.98 2.18 labrd

(0.82, 1.56) (0.81, 0.97) (0.92,1.10) (0.75,1.27) (0.78,1.75)
500 3745593 27.79 9.05 087 24.66 094 32.24 1.08 442 1.06 221 096

(0.54, 1.40) (078, 1.13) (0.90, 1.30) (0.65,1.72) (043, 2.12)
2358 16567652 17.24 9.35 121 18.86 088 24.37 099 303 095 217 122

(0.87, 1.68) (0.80, 0.97) (0.89, 1.09) (0.70, 1.28) (0.78,1.91)
1145 7814 609 40.46 1584 140 30.25 101 29.71 091 609 116 348 119

(0.99, 1.99) (0.89,1.14) (0.80,1.05) (0.82,1.63) (072,1.98)
208 15511639 42.67 26.89 1.94 31.69 0.97 3111 0.85 7.50¢ 1.13 8 147

(1.22, 3.09) (0.74, 1.27) (0.58, 1.24) (0.56, 2.28) (0.48, 4.44)
935 6300028 39.94 13.20 1.24 29.87 1.02 29.35 0.94 575 1.16 3.49 114

(0.87, 1.78) 0.89,1.17) (0.82, 1.08) (0.79, 1.69) (0.68, 1.91)
11454 77 848851 20.76 10.30" 1.217 22.64 0.98 2691 0.99 357 1.09 1.68 0.87
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Information (51)

Finance and
insurance (52)

Real estate and
rental and leasing
(53)

Professional,
scientific, and
technical services
(54)

Administrative
and support

and waste
management and
remediation (56)

Education
services (61)

Arts,
entertainment,
and recreation (71)

Accommodation
and food services
(72)

Other services
(except public
administration)
(81)

Public
administration (92)

Health care and
social assistance (62)

501

979

443

1568

1062

2244

515

1722

1191

1190

3166

3470912

7062810

3028814

11352202

6949729

15118929

3627156

11854672

7985 601

7197 139

20755024

18.23

10.99

22.41

18.94

34.34

12.65

27.72

2273

23.31

28.03

12.87

10.34

13.15

15.03

0.76,

118

0.77,

(0.84,

0.99,

, 1.63)

, 1.42)

, 1.41)

1.48)

1.80)

1.62)

, 1.87)

, 1.96)

2.08)

, 2.05)

, 173)

22.58

24.95

2292

2277

22.02

24.20

15.88

15.76

25.39

2828

25.63

(0.92,1.05)
0.96
(0.81, 1.15)

111

(0.97, 1.28)

0.87

(0.71, 1.07)

1.02

(0.91, 1.15)

0.86

(0.74, 0.99)

1.03

(0.92, 1.15)

0.81

(0.67, 0.98)

0.99

(0.88, 1.12)

1.00

(0.86, 1.18)

101

0.90, 1.14)

110

(1.01, 1.20)

29.46

26.58

28.94

28.45

26.70

28.62

15.51

17.01

28.82

35.07

27.41

(0.93,1.06)
1.04
(0.86, 1.26)

1.02

(0.90, 1.17)

0.92

(0.74, 1.15)

1.00

(0.89, 1.12)

0.96

(0.83, 1.11)

1.04

(0.94, 1.15)

0.65

(0.51, 0.83)

0.89

(0.77,1.03)

0.98

(0.84, 1.14)

115

(1.02, 1.31)

1.07

(0.98, 1.16)

3.65

0273

(0.90,1.33)
1.06
(0.66, 1.73)

0.76

(0.45, 1.27)

125

(0.79, 1.97)

0.98

(0.71, 1.35)

0.78

(0.52, 1.16)

1.03

(0.79, 1.35)

1.70

(1.02, 2.83)

1.02

(0.68, 1.53)

1.20

(0.67, 2.15)

117

(0.83, 1.66)

115

(089, 1.49)

1.70°

0.57"

2.16

1.93f

214"

Page 17
(0.62,1.21)
0.87
(040, 1.93)
0.34
(0.14, 0.82)
0.96
(0.38, 2.42)
0.93
(053, 1.64)
0.97
(0.57, 1.65)
0.58
(0.34, 1.00)
1.38
(055, 3.48)
1.04
(0.57, 1.90)
1.43
(0.50, 4.08)
0.98
(055, 1.76)
125
(0.89,1.77)

Bold values signify <0.05.

aData are from the National Health Interview Survey, 2014 adult sample.

CHD, coronary heart disease, defined as self-reported angina pectoris, myocardial infarction, and/or coronary heart disease.

CNAICS, North American Industry Classification System (2007).

PR, prevalence ratio (adjusted for gender, age, race/ethnicity, education, BMI, smoking status, alcohol use, and diabetes). Each industry sector was

compared to all other industries combined.

e ] .
Cl, confidence interval.

These estimates have a relative standard error 230% and <50% and should be used with caution as they do not meet the standards of reliability/

precision.

Y Estimates not shown as they have a relative standard error 250% and do not meet the standards of reliability/precision.
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Prevalence of occupational noise exposure, hearing difficulty, and cardiovascular conditions by occupation for

current US workers in 2014 (= 22 906)°

TABLE 3

Page 18

Current
occupation (SOC)*

All occupations

Food preparation and
serving related

Construction and
extraction

Healthcare practitioners
and technical

Education, training, and
library

Office and
administrative support

Computer and
mathematical

Personal care and
service

Sales and related

Transportation and
material moving

Business and financial
operations

Management

Healthcare support

Occupational

CHD or stroke

noise exposure  Hearing difficulty Hypertension Elevated cholesterol CHDP or stroke (<56 years old)

Unweighted Weighted Weighted Weighted PRY Weighted PR Weighted PR Weighted PR Weighted PR
n N Prevalence (%)  Prevalence (%)  (95%CI)* Prevalence (%)  (95%Cl) Prevalence (%)  (95%CI) Prevalence (%)  (95%CI) Prevalence (%)  (95%Cl)
22906 156 223935 2541 11.56 24.03 27.67 370 203
1313 9371728 2263 7.67 1.50 15.77 0.98 18.36 0.98 221 1.05 1.29 0.80

(1.07, 2.10) (0.86, 1.13) (0.83, 1.17) (0.71, 1.54) (0.43, 1.49)
1196 8096074 54.43 14.62 148 26.80 1.05 27.94 091 276 0.55 154 0.50

(1.08 2.03) (0.91, 1.20) (0.77, 1.06) (0.36, 0.85) (0.28, 0.90)
1280 8929134 12.98 8.20 1.07 2249 1.03 2559/ 0.98 279 1.03 1.60 114

(0.76, 1.51) 0.91,1.17) (0.87, 1.11) (0.64, 1.65) (0.63, 2.09)
1506 10106 058 10.19 9.58 115 2298 1.02 27.65 1.03 289 1.02 0.54" 0.37

(0.84, 1.58) (0.87,1.19) (0.90, 1.18) (0.70, 1.48) (0.18, 0.75)
2926 19215719 16.12 11.45 1.39 24.28 0.98 27.22 0.99 299 0.82 1.68 0.78

(1.06, 1.83) (0.90, 1.07) (0.91, 1.08) (0.63, 1.08) (0.52, 1.18)
677 5026940 18.22 8.16 1.09 2141 1.03 27.94 1.08 317 1.26 1.60° 1.02

(0.73, 1.61) (0.87,1.21) (091, 1.27) (072, 2.21) 0.39, 2.67)
903 6096238 18.95 8.33 1.31 2276 1.14 2332 103 337 121 2.22" 144

(0.92, 1.86) (0.98, 1.33) (0.87, 1.23) (0.79, 1.85) 0.77,2.67)
2205 16015087 15.83 10.08 122 20.12 0.88 27.68 1.04 385 1.14 240 1.34

(0.91, 1.64) (0.79,0.97) (0.93, 1.15) (0.86, 1.51) (0.86,2.11)
1401 9117041 43.90 13.64 1.49 27.73 0.93 29.07 0.95 392 0.75 248 0.81

(112, 1.98) (0.82, 1.05) (0.83, 1.10) (0.53, 1.06) (0.43, 1.50)
1074 7542697 14.45 8.95 Ref 25.58 1.10 2670 0.94 4.04 1.18 098" 0.55

0.97,1.25) (0.84, 1.06) (0.82, 1.70) (0.28, 1.08)

2108 14888885 2412 13.00 121 25.68 0.96 3138 101 4.12 0.92 238 113

(0.92, 1.60) (0.88, 1.06) (0.91, 1.11) (0.67, 1.25) 0.72, 1.76)
599 3415132 12.66 8.68 149 27.97 127 19.54 0.94 4.17 1.66 2.85° 1.58

(1.04, 2.13) (1.02, 1.58) (0.76, 1.16) (1.00, 2.75) 0.77, 3.26)
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Production

Architecture and
engineering

Building and grounds
cleaning and
maintenance

Protective service

Community and social
services

Arts, design,
entertainment, sports,
and media

Farming, fishing, and
forestry

Installation, maintenance,
and repair

Legal

Life, physical, and social
science

1361

403

1039

468

496

735

269

274

8968010

3323538

6342484

3221155

2384589

3241079

1451819

5524405

1786 810

1831878

54.59

35.64

3398

36.20

14.50

2772

34.62

54.08

7.07

18.33

17.42

14.59

12.76

16.09

11.56

21.93

9.77

749"

1.82
(1.42,2.34)
1.50

(1.05, 2.15)

152

(1.08, 2.13)
172
(1.23,2.41)

1.29

(0.88, 1.89)

0.85

(0.56, 1.30)

1.06

(0.60, 1.89)

2,03

(1.36,3.03)
112
(0.63, 1.99)

0.88

(0.45, 1.70)

3224

2320

2661

28.76

18.93

18.59

20.89

29.92

18.77

16.23

1.15
(1.03, 1.29)

1.00

(0.78, 1.28)

0.93

(0.81, 1.08)

(0.97,1.33)

(0.58, 0.93)

(067, 1.02)

(0.60, 1.25)

(0.93, 1.42)

(0,63, 1.11)

(0.56, 1.07)

3259

29.56

2622

3218

30.39

22.09

2479

3526

2673

30.99

1.05
(0.93,1.19)

0.96

(0.78, 1.18)

0.88

(0.75, 1.03)
115
(0.96, 1.36)

1.08

(0.90, 1.30)

0.79

(0.61,1.02)

0.81

(0.54,1.21)

121

(1.02, 1.44)
093
0.72,1.19)

111

(0.87,1.42)

5.39

6.32

3.14¢

3394

5.26¢

5.94¢

0.99
(0.71, 1.40)

1.47

(0.86, 2.51)

1.20

(0.83, 1.73)
1.44
(0,93, 2.22)

0.74

(0.36, 1.49)

0.91

(0.46, 1.79)

1.18

(0.57, 2.41)

122

(0.64, 2.36)
0.76
(0.30, 1.94)

0.61

(0.24, 1.55)

2.30°

1.05°

456"

436"

Page 19

117
(0.69, 2.00)
212

(1.05, 4.29)

118

(0.70, 1.97)
1.05
(0.45, 2.43)

0.24

(0.05, 1.16)

0.71

(0.29,1.73)

147

0.67,3.21)

158

(0.63,3.98)
102
(0.25,4.14)

017

(0.03, 1.19)

Bold values signify <0.05.

aData are from the National Health Interview Survey, 2014 adult sample.

CHD, coronary heart disease, defined as self-reported angina pectoris, myocardial infarction, and/or coronary heart disease.

cStandard occupational classification system (2010).

PR, prevalence ratio (adjusted for gender, age, race/ethnicity, education, BMI, smoking status, alcohol use, and diabetes). Each occupation sector

was compared to all other industries combined.

e ] .
Cl, confidence interval.

These estimates have a relative standard error =30% and <50% and should be used with caution as they do not meet the standards of reliability/

precision.

gEstimates not shown as they have a relative standard error 250% and do not meet the standards of reliability/precision.
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TABLE 4

Page 20

Cardiovascular conditions by history of occupational noise exposure and presence of hearing difficulty (HD)

in current US workers, 2014 (V= 22 906)°

Elevated CHD/stroke
Unweighted Hypertension cholesterol CHD"/stroke (<age 56)
HD & noise exposure status n % PR¢ (95%Cl1)¢ PR (95%Cl) PR (95%Cl) PR (95%Cl)
HD and noise exposure 1478 6.31 1.35 (1.21,1.51) 128 (1.09,149) 154 (1.16,2.04) 236 (1.47,63.79)
No HD, but noise exposed 4674 1996 116 (1.07,1.24) 108 (1.00,1.18) 1.19 (0.92,1.55) 125 (0.85,1.23)
HD, but no noise exposure 1403 5.99 1.35 (1.21,1.50)0 122 (1.10,1.36¢) 181 (1.29,2.55) 286 (1.41, 5.80)
No HD or noise exposure 15866 67.74 Ref Ref Ref Ref Ref Ref Ref Ref

a . .
Data are from the National Health Interview Survey, 2014 adult sample.

CHD, 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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