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ABSTRACT:
Self-reported occupational noise exposure has been associated with impaired hearing, but its relationship with extra-

auditory affects remains uncertain. This research assessed the association between self-reported occupational noise

exposure and cardiovascular outcomes. Participants (n¼ 6318, �50% male) from the Canadian Health Measures

Survey (2012–2015) aged 20–79 years were randomly recruited across Canada. An in-person household interview

included basic demographics, perceived stress, diagnosed health conditions, and self-reported exposure to a noisy

work environment. Direct physiological assessment in a mobile examination centre permitted the determination of

biomarkers/risk factors related to cardiovascular function. Logistic or linear regression models explored the associa-

tion between self-reported occupational noise exposure and several cardiovascular endpoints after adjusting for con-

founding variables. After adjustments, there was no evidence for an association between occupational noise and any

of the evaluated endpoints, which included but were not limited to blood pressure, heart rate, blood glucose, insulin,

lipids, diagnosed hypertension, medication for hypertension, myocardial infarction, stroke, or heart disease. There

was no evidence that self-reported occupational noise exposure was associated with evaluated cardiovascular-related

biomarkers, or cardiovascular diseases among Canadians aged 20–79 years. This study, and others like it, provides

an important contribution to an evidence base that could inform policy related to occupational noise exposure.
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I. INTRODUCTION

The exposure and response to chronic stressors can lead

to various illnesses broadly categorized as stress-related

health effects (Anisman, 2015; Yusuf et al., 2004). It is

well-established that exposure to loud noise can cause an

increase in stress reactions that include, but are not necessar-

ily limited to, changes in cortisol, adrenaline, epinephrine,

heart rate, and blood pressure (Basner et al., 2014; Lusk

et al., 2004). What remains an open question is whether

such changes are of a sufficient magnitude and duration that

they would increase the risk of developing adverse health

effects. The epidemiologic evidence for an association

between environmental noise exposure and health, such as

cardiovascular disease (CVD), often fails to pass many of

the fundamental criteria for establishing causation (Hill,

1965). The evidence tends to be indirect, inconsistent, and

the strength for the statistical contribution from noise is

weak (van Kempen et al., 2018; World Health Organization,

2018). More compelling evidence exists for occupational

noise exposures (Davies et al., 2005; Gan et al., 2011, 2016;

Gopinath et al., 2011; Kerns et al., 2018; Skogstad et al.,
2016; Zhou et al., 2019) possibly owing to higher noise lev-

els and more precisely defined exposures.

Based on their analysis of the data collected in the

National Health and Nutrition Examination Survey

(NHANES), Gan et al. (2011) reported increased odds of

angina pectoris, coronary artery disease and isolated dia-

stolic hypertension (IDH) among a nationally representative

sample of workers that self-reported exposure to loud occu-

pational noise. These associations remained after adjusting

for several covariates and were more profound when the

analysis was restricted to respondents below 50 years of age.

Their results also pointed toward a “cumulative-response”

insofar as the strength of association increased as self-

reported exposure duration increased. Despite these obser-

vations, measured mean blood pressure, isolated systolic/

general hypertension, heart rate, cholesterol, triglyceride

concentrations, and inflammatory biomarkers were either

not associated with noise or no longer statistically signifi-

cant after adjusting for covariates.

In many respects, the Canadian Health Measures

Survey (CHMS) mirrors the NHANES. Both are cross-

sectional surveys on nationally representative samples,

include an in-person household interview component and a
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physical examination on a sub-sample of participants in a

mobile clinic. Like NHANES, CHMS (Cycles 3 and 4)

included similar self-reported assessments of occupational

noise exposure. This provided an opportunity to examine

the associations between self-reported occupational noise

exposure and the prevalence of several outcomes related to

cardiovascular function and/or disease. As closely as possi-

ble, our assessment followed that of Gan et al. (2011). In the

current analysis we report the association between self-

reported occupational noise exposure and several outcomes

including, but not limited to, measured blood pressure, heart

rate, blood lipids, glucose, insulin, high sensitivity C-

reactive protein (HS CRP), apolipoprotein (APO) A/B1,

medically diagnosed history of myocardial infarction, heart

disease, stroke, hypertension, and self-reported medication

usage.

II. METHODS

Recruitment of CHMS participants took place for Cycle

3 (2012–2013) and Cycle 4 (2014–2015), across five regions

of Canada: Atlantic, Quebec, Ontario, Prairies, and British

Columbia. CHMS is an ongoing cross-sectional survey

where one or two individuals per household are randomly

selected. Each respondent has a sampling weight that

accounts for the age and sex distribution of the population,

non-response, and the survey sampling strategy. With this

approach, CHMS data are representative of the Canadian

population even though the sampling frame excludes approx-

imately 4% of the population (i.e., First Nation reservations,

other Aboriginal settlements, certain remote locations, full

time Canadian Armed Forces, residents of institutions, and

three territories). The survey entails an in-person household

interview to gather demographic, socioeconomic, health and

lifestyle information, and a subsequent visit to a mobile

examination centre (MEC) for direct physical measures.

Detailed information related to each CHMS cycle, including

how to access the data, is accessible through Statistics

Canada (Statistics Canada, 2014, 2016).

A. Study sample

A total of 6318 participants aged 20 to 79 years (exclud-

ing pregnant woman, n¼ 39) were included in the analysis,

representing 25.3� 106 Canadians (12.6� 106 male, 12.7

� 106 female). The response rate for this age group in

CHMS was 88.9% for the household questionnaire and

77.8% for the MEC component, which included audiometry

and blood sample analysis. Participants that did not respond

to the noise exposure assessment question (n¼ 37) were

excluded from further analysis, reducing the available sam-

ple to 6281. Another 419 unique participants were excluded

due to missing data on ethnic background (n¼ 146), smok-

ing status (n¼ 93), perceived stress (n¼ 2), family history

of heart disease, stroke or high blood pressure (n¼ 92),

exposure time to leisure noise (n¼ 5), presence of diabetes

(n¼ 4), waist circumference (n¼ 38) and ratio of total

cholesterol (total-C) to high-density lipoprotein (HDL)

(n¼ 72), leaving 5862 participants for the model fitting.

B. Occupational noise exposure assessment

Occupational noise exposure was assessed with the fol-

lowing question: “At any time in your life have you worked
in a noisy environment? By noisy, I mean so loud that you
and your co-workers had to speak in a raised voice to be
understood by or communicate with someone standing an
arm’s length away.” Reported duration was used to create

the following exposure categories: (1) never exposed; (2)

less than 10 years; and (3) 10 years or more. Categories are

based on the finding that more than 10 years of exposure

was associated with audiometric measures of hearing

impairment in the same sample of participants, even after

adjusting for established covariates (Feder et al., 2017).

Participants who reported having worked in a noisy environ-

ment were further asked “Are you currently working in a
noisy environment?” This information along with the length

of time of having worked in a noisy environment was used

to create the following five exposure categories: (1) never

exposed; (2) worked in a noisy environment for less than

10 years, but not currently; (3) worked in a noisy environ-

ment for 10 years or more, but not currently; (4) currently

working in a noisy environment for less than 10 years; and

(5) currently working in a noisy environment for 10 years or

more. Both of these variable definitions: (1) duration of

working in a noisy environment or (2) duration of working

in a noisy environment and if currently working in a noisy

environment, were used as self-reported exposure to a noisy

work environment in modelling.

C. Evaluated outcomes

Several measures considered risk factors for cardiovas-

cular disease, or directly related to cardiovascular function

were evaluated. Cardiovascular disease (CVD) encompassed

the following medically diagnosed illnesses as reported by

participants: heart disease, myocardial infarction, stroke,

high blood pressure, and medication for high blood pressure.

Medically diagnosed conditions were analyzed individually

as well as collectively.

Participant’s average systolic blood pressure (SBP),

diastolic blood pressure (DBP), and resting heart rate (RHR)

were calculated after excluding the initial measure from six

automated oscillometric measurements separated by 1-min

intervals. Measured blood pressure data defined the follow-

ing hypertension subtypes: isolated systolic hypertension

(ISH) (SBP� 140 and DBP< 90 mm Hg); IDH (SBP< 140

and DBP� 90 mm Hg); and systodiastolic hypertension

(SDH) (SBP� 140 and DBP� 90 mm Hg). General hyper-

tension was defined as SBP� 140 mm Hg, DBP� 90 mm

Hg, or reporting to have received a medical diagnoses of

high blood pressure.

Laboratory blood tests were performed on all partici-

pants for the following biomarkers: platelets, total-C, HDL,

total-C/HDL (calculated), potassium, sodium, heavy metals
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(cadmium, mercury, lead) and HS-CRP. The following end-

points were determined from a 10 h fasted sub-sample

(non-diabetic) prior to their MEC appointment: low-density

lipoprotein (LDL), APO A1, APO B, glucose, insulin, and

triglycerides. A final subset of respondents aged 20 to 79

were randomly selected for methylmercury analysis.

D. Covariates

Covariates related to CVD and biomarkers were used to

adjust the models based on the frequency of each distribu-

tion. Sex and age were adjusted for in all models. Annual

household income was categorized into three groups

(�$1000) (<50, �50, to<100, and �100). Education was

grouped as: some post secondary or higher, and secondary

graduation or less. Ethnicity was divided as Caucasian and

non-Caucasian (which included Aboriginal Canadians).

Small sample sizes did not permit a more refined classifica-

tion of ethnicity.

Smoking status was defined using urinary cotinine lev-

els (i.e., �50 ng/mL was defined as a smoker, <50 ng/mL

were non-smokers) (SRNT Subcommittee on Biochemical

Verification, 2002). Vigorous activity (a derived variable in

CHMS) during leisure time over the past week was catego-

rized as high (�150 min/wk) and low (<150 min/wk)

(Statistics Canada, 2014, 2016).

A single derived variable captured reported family his-

tory of heart disease, stroke, or high blood pressure.

Perceived stress was assessed in two questions; one related

to stress in one’s life on most days, another concerned stress

at work on most days. The response categories for both

questions were not at all stressful, not very stressful, a bit
stressful, quite a bit stressful, and extremely stressful. Quite

a bit stressful or extremely stressful were grouped together

as “high stress,” and the three lower categories constituted

the “low stress” group. The derived variable “perceived

stress” reflects stress as reported in either question.

Alcohol consumption was based on the number of alco-

holic drinks per week and grouped as follows: �7, 1–7, and

never. Body mass index (BMI) was dichotomized as <25

(normal and underweight) and �25 (overweight and obese);

waist circumference was not grouped.

Cumulative exposure to sources of loud leisure activi-

ties in the previous 12 months was considered a covariate in

this analysis. Feder et al. (2019) provided a detailed descrip-

tion of these sources, including how their assigned average

sound pressure levels and reported usage time were used to

estimate noise exposure level (LEX) categories. Briefly, par-

ticipants were assigned to the “high” category if their calcu-

lated weekly LEX was equivalent to (or above) the

occupational limit (i.e., 85 dBA, LEX 40 h). The “low” cate-

gory represents a noise exposure at 85 dBA LEX, <4 h, and

the “medium” category was selected to be exclusive of the

high and low categories. Participants not exposed to any

loud non-occupational activities were included as the no

exposed group.

The presence or absence of medically diagnosed diabe-

tes along with a calculated total-C/HDL (<5 versus �5)

were also considered as covariates. Finally, CHMS cycle

was also included in the models to account for variations

between cycles.

E. Statistical analysis

Population weighted frequencies and cross-tabulations

were used to explore participant characteristics in the differ-

ent self-reported occupational noise exposure groups and

demographic variables. All estimates were weighted at the

person level to represent the population (Statistics Canada,

2014, 2016).

The association between self-reported exposure to a

noisy work environment (predictor variables) and the odds

of cardiovascular outcomes (dependent variable) including

hypertension subtypes were assessed with logistic regres-

sion. Linear regression models evaluated the association

between loud occupational noise and mean differences in

measured blood pressure and RHR. When considering occu-

pational noise, the “never exposed” group was treated as the

reference group. Models were fit in two stages. The first

regression model adjusted for age, sex, and CHMS cycle.

The second regression model further adjusted for ethnicity,

income, waist circumference, family history of heart dis-

ease, stroke or high blood pressure, smoking status, alcohol

consumption, perceived stress, vigorous activity, loud lei-

sure noise exposure, diabetes, and total-C/HDL.

Linear regression models were also used to determine

the association between self-reported occupational noise

exposure and the mean difference of blood endpoints. These

models were fit similar to the regression models above,

except in the second stage model the total-C/HDL was not

included.

Education and BMI were not included in further models

as education was highly correlated with income and BMI

was highly correlated with waist circumference. In order to

avoid issues of multicollinearity, the variable most strongly

associated with the outcome variable was used in the final

models.

Analyses were conducted using SAS software

ENTERPRISE GUIDE 7.15 for Windows (SAS Institute Inc.,

Cary, NC) and SUDAAN 11.0.0 software (Research Triangle

Institute, Research Triangle Park, NC). To account for the

complex survey design, p-values, 95% confidence intervals,

and coefficients of variation (CVs) were estimated using the

bootstrap technique with 22 degrees of freedom (Rao et al.,
1992; Rust and Rao, 1996). Statistical significance was

specified as a p-value of less than 0.05. All comparisons

were carried out using the Satterthwaite F test, and

Bonferroni corrections were made where multiple pairwise

comparisons were carried out. Estimates with a CV between

16.6% and 33.3% were designated “E” and are to be inter-

preted with caution due to the high sampling variability

associated with them; CV estimates that exceeded 33.3%
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were designated “F” indicating that these data could not be

released due to questionable validity.

III. RESULTS

Table I presents the sample characteristics of the popu-

lation stratified by the number of years worked in a noisy

environment. Some notable observations among respondents

working in a noisy environment for 10 years or more

included an advanced age, male, Caucasian, lower educa-

tion, and elevated BMI. Smoking was also more prevalent,

as was alcohol consumption, family history of heart disease,

stroke, or high blood pressure. Perceived stress was highest

among those who reported occupational noise exposures

less than 10 years, but similar between the reference and

longest exposed group. Exposure to high levels of loud lei-

sure activities (i.e., 40 h or more per week) was more preva-

lent among those who worked in a noisy environment.

Unadjusted medically diagnosed conditions and bio-

marker data in relation to self-reported occupational noise

exposure are also provided in Table I. Univariable statistical

associations with self-reported occupational noise exposure

should be interpreted with caution as age and sex has a

strong influence on most of these outcomes. Among the

medically diagnosed conditions considered in this analysis a

higher prevalence of participants with hearing impairment,

diabetes, high blood pressure, heart disease, myocardial

infarction, and taking medication for high blood pressure

was observed among those who worked in a noisy environ-

ment for 10 years or more (Table I). Further, general hyper-

tension rates were significantly higher among the group who

reported having worked in a noisy environment for 10 years

or more, compared to the reference group. Similarly, mea-

sured DPB and SBP were higher among the subgroup of

people who reported having worked in a noisy environment

for 10 years or more, whereas levels were similar among

those who were never exposed to a noisy work environment

or worked in a noisy environment for less than 10 years

(Table I). Table I also provides unadjusted lipid profiles.

When compared to the reference group, triglycerides, APO

B, and total-C/HDL were elevated among individuals that

reported working in a noisy environment for 10 years or

more. Finally, when compared to the reference group, glu-

cose, insulin, dietary potassium, cadmium, and lead concen-

trations were higher in the group exposed 10 years or more,

whereas mercury concentrations appeared to be lower in

both exposure groups.

Unadjusted sample characteristics of the population

stratified by duration and if currently working in a noisy

environment are provided in Table S1 of the supplemental

material.1 Most of the results are similar to those above, but

in some instances, currently working in a noisy environment

appeared to impact variables that may be related to CVD.

For instance, among respondent who reported working in a

noisy environment for 10 years or more, smoking was

slightly more prevalent among those who indicated they

were currently working in this environment [32% (95% CI:

23–40.9)], when compared to those who were not [27.1%

(95% CI: 20.5–33.7)]. Similarly, for the same history of

exposure, high perceived stress was more prevalent among

those who indicated they were currently working in this

environment [48% (95% CI: 37.7–58.2)], when compared to

those who were not [21.4% (95% CI: 15.5–27.3)]. Those

currently working in a noisy environment, regardless of

duration, were more likely to report high levels of leisure

noise exposure (i.e., 40 h or more per week) (Table S1).

Many of the hypertension subtypes and medically diagnosed

conditions were unreportable due to small sample sizes and

large variability in these groups.

Table II presents the odds ratios (ORs) of cardiovascu-

lar outcomes and medically diagnosed high blood pressure

with respect to the number of years worked in a noisy envi-

ronment. The reference group consisted of those who

reported no history of working in a noisy environment. In all

cases it was observed that the ORs for diagnosed heart dis-

ease, myocardial infarction, stroke, high blood pressure,

medication for high blood pressure, and the collective vari-

able, CVD, were similar between those exposed to a noisy

work environment and those who were never exposed to a

noisy work environment (i.e., the confidence interval for the

ORs all include 1). These ORs are not to be interpreted as

relative risks as the prevalence of these outcomes was

greater than 10% (Davies et al., 1998). Similarly, when

self-reported occupational noise exposure including duration

and if currently working in a noisy environment were con-

sidered as the predictive variable, no association was found

between any of the above outcomes and exposure groups

(Table S2).

Table III presents the modelled ORs of hypertension

subtypes in relation to the number of years worked in a

noisy environment. Although the ORs of hypertension sub-

types were elevated among those who had the longest dura-

tion of exposure, none of these outcomes reached statistical

significance. Again, the ORs of hypertension subtypes were

elevated among those who reported to be currently working

in a noisy environment, but none of these outcomes reached

statistical significance (Table S3).

As shown in Table IV, modelling results did not provide

evidence that the duration of working in a noisy environ-

mental had an impact on average measured blood pressure

and RHR. This was also the case when history of exposure

was stratified by participants reporting to be currently or not

currently working in a noisy environment (Table S4).

The association between serum biomarkers and self-

reported exposure to a noisy work environment was investi-

gated using linear regression models (Table V). In model 1

HDL, total mercury, and methylmercury concentrations

were statistically higher among those who never worked in

a noisy environment, whereas triglyceride and blood cad-

mium concentrations were significantly higher among those

who worked in a noisy environment for 10 or more years.

This was also the case when history of exposure was strati-

fied by participants reporting to be currently or not currently

working in a noisy environment (Table S5). In addition, it
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TABLE I. Unadjusted sample characteristics as a function of reported duration of exposure to a noisy work environment.a

Variable Overall (n¼ 6281)

Never worked in

a noisy

environment

(n¼ 3572)

Worked in a noisy

environment

less than 10 years

(n¼ 1653)

Worked in a noisy

environment

10 years or more

(n¼ 1056)

Demographic and Socioeconomic Variables

Age (years), mean (CI)b 46.44 (46.16–46.73) 47.23 (46.42–48.03) 40.42 (39.13–41.72) 54.46 (53.3–55.63)

Sex % (CI)

Maleb 49.8 (49.6–50) 34.4 (31.7–37) 65.3 (60.6–70) 80.4 (76.3–84.6)

Femaleb 50.2 (50–50.4) 65.6 (63–68.3) 34.7 (30–39.4) 19.6 (15.4–23.7)

Ethnicity % (CI)

Non-Caucasian/ Aboriginalsb 21.3 (14.3–28.2) 27 (18.4–35.6) 16.8 (11.1–22.5) 7.5 (4.2–12.9)E

Caucasianb 78.7 (71.8–85.7) 73 (64.4–81.6) 83.2 (77.5–88.9) 92.5 (87.1–95.8)

Education % (CI)

Some post secondary or higherb 78.1 (75–81.3) 79.4 (76.3–82.6) 79.5 (74.2–84.7) 70.6 (63.8–77.3)

Secondary graduation or lessb 21.9 (18.7–25) 20.6 (17.4–23.7) 20.5 (15.3–25.8) 29.4 (22.7–36.2)

Household Income % (CI)

$100 K or moreb 32.3 (29.3–35.2) 32.4 (28.4–36.4) 33.1 (29.2–37) 30.4 (24.7–36.2)

$50 K–<$100 Kb 34.7 (32.3–37.2) 33.7 (30.7–36.8) 36.1 (31.7–40.5) 36.1 (31.1–41.2)

<$50 Kb 33 (29.8–36.1) 33.9 (30–37.8) 30.8 (26.3–35.3) 33.4 (27.1–39.7)

Vigorous Activity Level % (CI)

�150 min/wkb 17 (15.1–19) 13.3 (11.5–15.1) 26.4 (20.3–32.5) 14.1 (10.3–17.9)

<150 min/wkb 83 (81–84.9) 86.7 (84.9–88.5) 73.6 (67.5–79.7) 85.9 (82.1–89.7)

Smoker % (CI)

Smoker (cotinine �50 ng/mL)b 22.4 (20.5–24.3) 19.3 (16.1–22.5) 25.1 (19.5–30.6) 29.4 (24.1–34.7)

Non-smoker (cotinine <50 ng/mL)b 77.6 (75.7–79.5) 80.7 (77.5–83.9) 74.9 (69.4–80.5) 70.6 (65.3–75.9)

Alcohol Consumption % (CI)

�7 alcoholic drinks/wkb 25 (22.2–27.9) 19.9 (16.9–22.9) 31.8 (25.7–38) 32.2 (27–37.3)

1–7 alcoholic drinks/wkb 31.1 (27.9–34.3) 33.4 (29.4–37.5) 28.3 (24.1–32.5) 27.6 (23.7–31.4)

No alcoholb 43.8 (40.4–47.2) 46.7 (43–50.3) 39.9 (32.6–47.1) 40.3 (35.6–45)

BMI % (CI)

<25 (under/normal weight)b 35.9 (32.9–38.9) 38.8 (35.3–42.3) 37 (31.7–42.3) 22.6 (17–28.2)

�25 (overweight/ obese)b 64.1 (61.1–67.1) 61.2 (57.7–64.7) 63 (57.7–68.3) 77.4 (71.8–83)

Waist Circumference (cm) mean (CI)b 95.07 (93.85–96.29) 93.41 (92.07–94.75) 94.86 (93.05–96.67) 101.77 (100.29–103.25)

Perceived stressc % (CI)

Highb 36.7 (34.3–39.1) 34.8 (32.1–37.6) 42 (37.4–46.6) 34.1 (28.8–39.4)

Lowb 63.3 (60.9–65.7) 65.2 (62.4–67.9) 58 (53.4–62.6) 65.9 (60.6–71.2)

Leisure noise exposure % (CI)

Highb,d 22.6 (19.7–25.5) 12.1 (9.6–14.6) 36.5 (31.4–41.5) 37.3 (30.5–44.1)

Mediumb,e 28.7 (26.5–30.8) 27.3 (24.3–30.4) 32.2 (28.8–35.5) 27.6 (20.4–34.8)

Lowb,f 23.8 (21.5–26.2) 26.1 (23.1–29.1) 21.2 (16.9–25.5) 20.2 (16.6–23.7)

No leisure noiseb 24.9 (22.1–27.6) 34.5 (31–38) 10.2 (7.7–12.8) 14.9 (11.8–18.1)

Family history of heart disease, stroke or high blood pressure % (CI)

Yesb 68.3 (66–70.6) 69.4 (66.5–72.2) 61.4 (56.2–66.7) 76.7 (71–82.4)

Nob 31.7 (29.4–34) 30.6 (27.8–33.5) 38.6 (33.3–43.8) 23.3 (17.6–29)

Hearing Lossg % (CI)

Normal hearingb 63.7 (61.6–65.7) 64.5 (62–66.9) 73.4 (69.7–77.1) 41.5 (34.6–48.4)

Unilateralb 12.4 (10.9–14) 13.3 (11.6–14.9) 10.3 (7.3–13.3) 13.4 (7.9–18.9)E

Bilateralb 23.9 (22.4–25.4) 22.3 (19.8–24.7) 16.3 (13.7–18.9) 45.1 (38.4–51.8)

Eitherb 36.3 (34.3–38.4) 35.5 (33.1–38) 26.6 (22.9–30.3) 58.5 (51.6–65.4)

Blood pressure and defined subtypes of hypertension

ISH (SBP� 140 mmHg,

DBP< 90 mmHg) % (CI)b

4.1 (3.3–5.1) 4.5 (3.4–6) 2.9 (1.5–5.4)E 4.9 (3.3–7.1)E

IDH (SBP< 140 mmHg,

DBP� 90 mmHg) % (CI)

1.6 (0.9–2.8)E 1.3 (0.7–2.5)E 1.9 (1–3.6)E F

SDH (SBP� 140 mmHg and

DBP� 90 mmHg) % (CI)

2.2 (1.7–2.8) 1.7 (1.1–2.5)E 2.6 (1.3–4.9)E 3.6 (2–6.2)E

General Hypertension (ISH, IDH, SDH

or

self-reported hypertension) % (CI)b

22.2 (20–24.4) 22.5 (19.2–25.7) 15.7 (12.3–19.1) 33 (27.3–38.8)

DBP (mmHg), mean (CI)b 72.07 (71.55–72.59) 71.35 (70.68–72.02) 72.23 (71.19–73.26) 74.55 (73.45–75.66)
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was observed that those who were currently working in a

noisy environment for 10 years or more had higher lead con-

centrations compared to those who never worked in a noisy

environment (Table S5).

IV. DISCUSSION

It is unequivocal that unprotected exposure to excessive

noise can result in irreversible damage to hearing and

TABLE I. (Continued)

Variable Overall (n¼ 6281)

Never worked in

a noisy

environment

(n¼ 3572)

Worked in a noisy

environment

less than 10 years

(n¼ 1653)

Worked in a noisy

environment

10 years or more

(n¼ 1056)

SBP (mmHg) mean (CI)b 113.22 (112.49–113.96) 112.79 (111.83–113.75) 111.8 (110.31–113.28) 117.49 (115.93–119.06)

RHR (beats per minute bpm) mean (CI)h 68.91 (68.33–69.49) 69.42 (68.61–70.22) 68.72 (67.67–69.78) 67.3 (65.98–68.62)

Medically Diagnosed Conditions % (CI)

Diabetesb 6.5 (5.7–7.5) 6.8 (5.6–8.1) 3.6 (2.7–4.8) 11.2 (7.9–14.5)

Reported high blood pressureb 18.3 (16.4–20.1) 18.3 (15.8–20.9) 12.2 (9.2–15.3) 28.8 (22.8–34.9)

Medication for high blood pressure in

previous monthb

17.6 (15.7–19.5) 17.7 (14.9–20.5) 9.8 (7.6–12.5) 31.3 (25.9–36.7)

Heart diseaseb 4 (3.3–4.8) 3.4 (2.9–4.1) 3.1 (2.1–4.7)E 7.5 (4.7–11.6)E

Myocardial infarctionb 2.6 (2–3.4) 2.4 (1.7–3.3) 1.7 (1.2–2.4)E 5.2 (3.1–8.5)E

Past strokeh 1 (0.7–1.4)E 0.9 (0.6–1.5)E 0.9 (0.4–1.7)E F

Blood Biomarker (%<LOD, for overall sample) GM (CI)i

Cadmium (nmol/L) (1.7% <LOD)h 0.4 (0.38–0.42) 0.39 (0.36–0.43) 0.36 (0.32–0.42) 0.51 (0.45–0.59)

Total mercury (nmol/

L)(27.2%<LOD)h

0.8 (0.71–0.91) 0.88 (0.76–1.02) 0.7 (0.61–0.8) 0.74 (0.61–0.91)

Methyl mercury (nmol/L) (subsample)

(18.4% <LOD), n, GM (CI)

2052, 0.59 (0.51–0.67) 1170, 0.64 (0.56–0.74) 553, 0.53 (0.42–0.66) 329, 0.51 (0.38–0.68)

Lead (lmol/L) (0.1% <LOD)b 11.45 (10.98–11.93) 11.09 (10.59–11.6) 10.55 (9.82–11.34) 14.97 (13.86–16.16)

Platelet count (10̂9/L)h 224.12 (221.08–227.21) 226.44 (221.66–231.33) 224.13 (219.83–228.51) 215.58 (211–220.26)

Total-C/HDLb 3.62 (3.55–3.69) 3.5 (3.43–3.58) 3.65 (3.53–3.78) 4 (3.86–4.15)

Total-C/HDL �5, % (CI)b 17.5 (15.2–19.7) 14.9 (12.1–17.8) 20 (16.1–23.9) 22.5 (15.9–29.1)

Total-C (mmol/L) 4.73 (4.66–4.81) 4.74 (4.65–4.83) 4.7 (4.6–4.79) 4.77 (4.63–4.91)

HS CRP (mg/L) (4%<LOD) 1.32 (1.19–1.46) 1.33 (1.15–1.53) 1.16 (0.97–1.4) 1.61 (1.41–1.84)

HDL (mmol/L)b 1.31 (1.29–1.33) 1.35 (1.33–1.38) 1.28 (1.25–1.32) 1.19 (1.16–1.22)

Potassium (mmol/L)h 4.36 (4.33–4.39) 4.35 (4.32–4.38) 4.35 (4.33–4.38) 4.41 (4.36–4.47)

Sodium (mmol/L) 141.14 (140.64–141.64) 141.08 (140.55–141.62) 141.24 (140.69–141.79) 141.17 (140.66–141.69)

Morning fasted subsample

(10 h), GM (CI) Overall (n¼ 3185)

Never worked in a noisy

environment (n¼ 1774)

Worked in a noisy environment

less than 10 years (n¼ 856)

Worked in a noisy environment

10 years or more (n¼ 555)

LDL (mmol/L) 2.66 (2.6–2.72) 2.64 (2.56–2.73) 2.64 (2.53–2.76) 2.75 (2.62–2.88)

APO A1 (g/L)b 1.42 (1.39–1.46) 1.46 (1.42–1.5) 1.38 (1.33–1.42) 1.37 (1.32–1.42)

APO B (g/L) (0.2% <LOD)b 0.9 (0.88–0.92) 0.9 (0.87–0.92) 0.88 (0.84–0.92) 0.98 (0.94–1.01)

Glucose (mmol/L)b 5.19 (5.12–5.26) 5.13 (5.06–5.21) 5.1 (5.02–5.18) 5.56 (5.37–5.76)

Insulin (pmol/L)b 69.7 (66.07–73.54) 69.54 (65.6–73.73) 65.11 (59.81–70.89) 79.58 (73.27–86.43)

Triglycerides (mmol/L)b 1.24 (1.2–1.29) 1.21 (1.17–1.26) 1.16 (1.09–1.22) 1.54 (1.39–1.71)

aUnweighted sample size (n) and population weighted percentage or means/GM and CI to account for multistage probability sampling design. Column

sample sizes represent the maximum number of observations included in the group, but variations may occur as not all participants answered all questions,

or had valid biomarker tests.
bp< 0.01 for the comparison between the years of exposure to occupational noise and the never exposed group.
cPerceived stress encompasses both perceived stress in personal life and work life.
d40 h or more per week at LEX(8) 85 dBA.
eBetween 4 h and 40 h per week at LEX(8) 85 dBA.
fUp to 4 h per week at LEX(8) 85 dBA.
gAverage hearing threshold� 25 dB at 3, 4, and 6 kHz in one ear (unilateral), both ears (bilateral), and either one or both ears (either). Those with conductive

hearing loss are removed from the analysis.
hp< 0.05 for the comparison between the years of exposure to occupational noise and the never exposed group.
iBiomarkers with greater than 40% of data below the LOD in any of the subgroups are indicated, otherwise the percent detected is above 60%. Observations of bio-

markers with less than 40% of the data below the LOD were replaced with the LOD/2. If greater than 40% of the data were below the LOD, then the biomarker was

not included in further analysis [15–16]. CI 95% confidence interval; GM geometric mean; LOD limit of detection; Total-C total cholesterol; HDL high density lipo-

protein; LDL low density lipoprotein; APO apolipoprotein; HS CRP high sensitivity C-reactive protein; E coefficient of variation between 16.6% and 33.3%, interpret

estimates with caution; F coefficient of variation greater than or equal to 33.3%, estimate could not be reported due to large variation in the estimate.
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occupational hearing conservation programs are a testament

to this. However, extra-auditory health effects of noise are

presented as occurring at lower exposure levels (Basner

et al., 2014). It is therefore reasonable to hypothesize that

self-reported exposure to a noisy work environment, which

we have previously reported to be associated with impaired

hearing (Feder et al., 2017), would likewise predict extra-

auditory effects. Indeed, self-reported exposure to loud

occupational noise has been associated with hypertension

and elevated mean blood pressure in a sizable cross-

sectional study that targeted steel workers (Zhou et al.,
2019). In a large prospective cohort study from Australia,

after adjusting for confounding variables, self-reported

exposure to workplace noise was associated with angina,

stroke, CVD, increased mortality from CVD, but was not

associated with measured changes in blood pressure, hyper-

tension, or medication usage for hypertension (Gopinath

et al., 2011). A nationally representative study from

Bulgaria recently reported an association between self-

reported exposure to loud occupational noise and CVD

among woman but not men, although the working definition

of CVD was defined as an affirmative response to the ques-

tion “does your work affect your health: heart disease?”

(Dzhambov and Dimitrova, 2016). Several of these afore-

mentioned studies have methodological differences from

CHMS that make comparisons tenuous, including how self-

report reflected occupational noise exposure. We selected

our approach based on the degree of vocal effort and dis-

tance between speakers that would suggest an exposure to

sound levels above 80 dBA (Health Safety Executive, 2012;

Palmer et al., 2002; Tak et al., 2009. Dzhambov and

Dimitrova (2016) used vocal effort, but not proximity

between speakers, in their study definition: “Are you
exposed at work to noise so loud that you would have to
raise your voice to talk to people?” In Zhou et al. (2019)

“loud” noise exposure at work was not qualified with vocal

effort, or distance between speakers and could be interpreted

differently between respondents. Gopinath et al. (2011)

assessed the duration of exposure to a “noisy” industry or

farm environment and followed up with those who said

“yes” with a question to rate the noise as either “mostly qui-

et,” “tolerable but able to hear speech,” or “unable to hear

anyone speaking.” For their overall design, a more analo-

gous comparison to the current analysis is Gan et al. (2011)

and this extends to the similarities in how they defined “loud

occupational noise” as: “Thinking of all the jobs you have
ever had, have you ever been exposed to loud noise at work
for at least three months? By loud noise I mean noise was so
loud that you had to speak in a raised voice to be heard.”

TABLE II. Modelled odds ratios (95% CI) for medically diagnosed cardio-

vascular outcomes as a function of duration of exposure to a noisy work

environment. The “never exposed” group was the reference category.

Length of time worked in a noisy environment

Any duration Less than 10 years 10 years or more

Heart disease

Number of casesa 123 58 65

Model 1 1.1 (0.7–1.8) 1.2 (0.7–2.1) 1.1 (0.6–2.1)

Model 2 1.1 (0.6–1.9) 1.3 (0.7–2.4) 0.9 (0.4–2)

Myocardial infarction

Number of cases 73 31 42

Model 1 0.9 (0.5–1.7) 0.8 (0.4–1.5) 0.9 (0.4–2.1)

Model 2 0.8 (0.3–1.8) 0.8 (0.4–1.7) 0.8 (0.3–2.3)

Stroke

Number of cases 27 13 14

Model 1 1 (0.4–2.5) 1.1 (0.2–6) 0.9 (0.3–2.5)

Model 2 1 (0.4–2.4) 1.2 (0.2–6.1) 0.8 (0.3–2.1)

High blood pressure

Number of cases 498 214 284

Model 1 1.2 (0.9–1.6) 1.1 (0.7–1.6) 1.3 (0.8–2.1)

Model 2 1.1 (0.9–1.5) 1.1 (0.8–1.6) 1.2 (0.7–1.9)

Medication for high blood pressure

Number of cases 464 187 277

Model 1 1.1 (0.8–1.6) 0.8 (0.6–1.2) 1.5 (1–2.3)

Model 2 1 (0.8–1.4) 0.8 (0.6–1.2) 1.3 (0.9–1.9)

CVDb

Number of cases 605 264 341

Model 1 1.2 (0.9–1.6) 1.1 (0.8–1.6) 1.3 (0.9–2)

Model 2 1.2 (0.9–1.5) 1.2 (0.9–1.6) 1.2 (0.8–1.7)

aNumber of cases are unweighted.
bCVD includes diagnosed heart disease, heart attack, stroke, high blood

pressure, medication for high blood pressure; model 1: adjusted for age, sex

and CHMS cycle; model 2: adjusted for age, sex, ethnicity, family history

of heart disease, stroke or high blood pressure, diabetes, smoking, alcohol

consumption, level of vigorous activity, income, waist circumference, per-

ceived stress, exposure to loud non-occupational noise, and total-C/HDL.

TABLE III. Modelled odds ratios (95% CI) for hypertension subtypes as a

function of duration of exposure to a noisy work environment. The “never

exposed” group was the reference category.

Length of time worked in a noisy environment

Any duration Less than 10 years 10 years or more

ISH (SBP>5140 mm Hg and DBP < 90 mm Hg)

Number of casesa 88 36 52

Model 1 1.3 (0.8–2.1) 1.6 (0.7–3.6) 1.1 (0.6–1.9)

Model 2 1.2 (0.8–1.9) 1.6 (0.7–3.4) 1 (0.6–1.7)

IDH (SBP < 140 mm Hg and DBP>590 mm Hg)

Number of cases 57 33 24

Model 1 1 (0.5–2.1) 1.1 (0.5–2.8) 0.9 (0.4–2)

Model 2 1.3 (0.5–3) 1.3 (0.5–3.5) 1.2 (0.4–3.4)

SDH (SBP>5140 mm Hg and DBP>590 mm Hg)

Number of cases 56 30 26

Model 1 1.5 (0.7–3.1) 1.5 (0.6–3.8) 1.5 (0.7–3.6)

Model 2 1.6 (0.7–3.5) 1.6 (0.6–4.3) 1.6 (0.6–3.8)

General hypertension (SBP>5140 mm Hg or DBP>590 mm Hg or

medically diagnosed hypertension)

Number of cases 598 265 333

Model 1 1.1 (0.9–1.5) 1.1 (0.7–1.5) 1.2 (0.8–1.8)

Model 2 1.1 (0.8–1.5) 1.1 (0.8–1.6) 1.1 (0.7–1.7)

aNumber of cases are unweighted; model 1: adjusted for age, sex and

CHMS cycle; model 2: adjusted for age, sex, ethnicity, family history of

heart disease, stroke or high blood pressure, diabetes, smoking, alcohol con-

sumption, level of vigorous activity, income, waist circumference, per-

ceived stress, exposure to loud non-occupational noise, and total-C/HDL.
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TABLE IV. Adjusted mean (95% CI) blood pressure and resting heart rate as a function of duration of exposure to a noisy work environment.

Length of time worked in a noisy environment

Never Any duration Less than 10 years 10 years or more

DPB (mm Hg)

Number of casesa 3325 2530 1539 991

Model 1 71.86 (71.12–72.59) 72.24 (71.52–72.97) 72.1 (71.17–73.03) 72.52 (71.3–73.75)

Model 2 71.97 (71.19–72.74) 72.09 (71.36–72.83) 72.04 (71.19–72.88) 72.21 (70.93–73.48)

SBP (mm Hg)

Number of cases 3325 2530 1539 991

Model 1 112.79 (112–113.57) 113.5 (112.45–114.56) 114 (112.52–115.48) 112.55 (110.95–114.15)

Model 2 113.11 (112.19–114.03) 113.09 (112.17–114.01) 113.8 (112.67–114.93) 111.68 (110.26–113.1)

RHR (bpm)

Number of cases 3325 2530 1539 991

Model 1 69.01 (68.19–69.84) 68.63 (67.75–69.51) 68.4 (67.25–69.56) 69.06 (67.85–70.28)

Model 2 69.16 (68.26–70.06) 68.44 (67.57–69.32) 68.47 (67.44–69.51) 68.39 (67.09–69.69)

aNumber of cases are unweighted; model 1: adjusted for age, sex and CHMS cycle; model 2: adjusted for age, sex, ethnicity, family history of heart disease,

stroke or high blood pressure, diabetes, smoking, alcohol consumption, level of vigorous activity, income, waist circumference, perceived stress, exposure

to leisure noise, and total-C/HDL. DBP-diastolic blood pressure; SBP-systolic blood pressure; RHR-resting heart rate.

TABLE V. Modelled biomarker profiles as a function of duration of exposure to a noisy work environment.

Length of time worked in a noisy environment

Never exposed Any duration Less than 10 years 10 years or more

Platelet count (10̂9/L) Adjusted geometric mean (95% CI)

Number of casesa 3324 2537 1545 992

Model 1 222.33 (217.33–227.43) 225.34 (221.67–229.07) 225.49 (220.98–230.09) 225.06 (219.98–230.25)

Model 2 223.61 (218.4–228.95) 223.66 (220.03–227.36) 224.87 (220.39–229.45) 221.28 (215.99–226.69)

Total-C (mmol/L)

Number of cases 3330 2533 1542 991

Model 1 4.72 (4.63–4.81) 4.75 (4.64–4.85) 4.78 (4.68–4.87) 4.68 (4.52–4.86)

Model 2 4.74 (4.66–4.82) 4.72 (4.62–4.82) 4.75 (4.66–4.84) 4.66 (4.51–4.82)

HDL (mmol/L)

Number of cases 3330 2532 1541 991

Model 1 1.31 (1.28–1.33) 1.31 (1.28–1.34) 1.34 (1.31–1.37) 1.26 (1.22–1.3)b

Model 2 1.31 (1.28–1.34) 1.31 (1.28–1.34) 1.32 (1.29–1.36) 1.28 (1.24–1.32)

LDL (mmol/L)c

Number of cases 1663 1337 813 524

Model 1 2.68 (2.61–2.77) 2.64 (2.53–2.75) 2.65 (2.54–2.77) 2.62 (2.47–2.77)

Model 2 2.7 (2.63–2.77) 2.62 (2.52–2.72) 2.63 (2.52–2.74) 2.6 (2.46–2.74)

APO A1 (g/L)c

Number of cases 1672 1345 819 526

Model 1 1.42 (1.4–1.46) 1.42 (1.38–1.47) 1.42 (1.38–1.47) 1.41 (1.36–1.47)

Model 2 1.43 (1.4–1.46) 1.42 (1.38–1.46) 1.42 (1.37–1.46) 1.42 (1.37–1.47)

APO B (g/L)c

Number of cases 1672 1344 818 526

Model 1 0.91 (0.89–0.93) 0.9 (0.86–0.94) 0.88 (0.84–0.93) 0.92 (0.87–0.97)

Model 2 0.91 (0.89–0.93) 0.89 (0.85–0.93) 0.88 (0.84–0.93) 0.9 (0.86–0.95)

Glucose (mmol/L)c

Number of cases 1680 1353 822 531

Model 1 5.18 (5.11–5.26) 5.19 (5.08–5.31) 5.14 (5.03–5.26) 5.28 (5.09–5.48)

Model 2 5.18 (5.11–5.26) 5.19 (5.1–5.28) 5.18 (5.08–5.28) 5.2 (5.08–5.33)

Insulin (pmol/L)c

Number of cases 1677 1353 822 531

Model 1 70.6 (65.84–75.7) 68.2 (62.32–74.64) 64.79 (58.61–71.63) 75.26 (68.02–83.27)

Model 2 71.33 (66.94–76.01) 67.36 (63.5–71.45) 66.84 (62.21–71.83) 68.39 (63.89–73.22)

Triglycerides (mmol/L)c

Number of cases 1680 1353 822 531

Model 1 1.24 (1.2–1.29) 1.22 (1.15–1.29) 1.16 (1.1–1.21)b 1.36 (1.23–1.5)b
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Gan et al. (2011) reported population-based associations

between self-reported exposure to loud occupational noise

and angina pectoris, coronary artery disease (which included

angina pectoris), and IDH, after adjusting for several con-

founding variables. The US NHANES and CHMS are simi-

lar in both design and scope and both countries have

comparable laws governing occupational noise. Their prox-

imity to one another and shared population demographics

also lead to natural comparisons between Canada and the

United States. An exception to their similarities is that

CHMS does not have data related to angina pectoris.

As expected, respondents reporting to have the longest

duration of exposure to loud occupational noise were of an

advanced age and tended to be male. Other variables were

also more common in this group, which could have

increased their risk of CVD and masked contributions from

noise. Some of the more notable differences in the group

that reported to have worked in loud occupational noise for

10 years or more were smoking, increased weekly alcohol

consumption, higher BMI, increased prevalence of diabetes,

and higher blood lipid profiles. Despite these differences,

after adjusting for only age and sex, we found no evidence

that self-reported exposure to a noisy work environment

increased the odds of exceeding the clinical guidelines for

systolic, diastolic, or systodiastolic hypertension. Similarly,

no group differences were observed in mean blood pressure

or use of hypertensive medication. None of the many other

outcomes evaluated showed any apparent pattern suggesting

that exposure to a noisy work environment contributed to

adverse cardiovascular outcomes. Although we can only

speculate, it is possible that the disparities between Gan

et al. (2011) and the current analysis are, at least in part,

owing to slight differences in the approach to characterizing

loud occupational noise exposure. In the current study, the

analysis was based on recalled length of time in years. The

NHANES reported recalled duration of time exposed in a

typical day, and when combined with duration in months,

estimating an accumulated exposure was feasible. It is also

notable that several of the effects reported by Gan et al.
(2011) in their model 1 (unadjusted) were also found in the

current analysis, but we caution against interpreting these as

evidence for noise effects as most of them are highly influ-

enced by age and/or sex, and none of them remained signifi-

cant after adjustment. In Gan et al. (2011) the reported

association with IDH was observed in their fully adjusted

model (i.e., model 3), but not model 2. Several of the varia-

bles in their fully adjusted model appear to be correlated,

e.g., BMI and waist circumference, education and income,

TABLE V. (Continued)

Length of time worked in a noisy environment

Never exposed Any duration Less than 10 years 10 years or more

Model 2 1.25 (1.2–1.31) 1.21 (1.14–1.28) 1.18 (1.12–1.24) 1.27 (1.15–1.41)

Cadmium (nmol/L)

Number of cases 3316 2534 1543 991

Model 1 0.37 (0.33–0.4) 0.43 (0.39–0.47)d 0.4 (0.35–0.46) 0.5 (0.43–0.58)d

Model 2 0.38 (0.35–0.4) 0.42 (0.39–0.44)d 0.4 (0.38–0.43) 0.44 (0.41–0.48)d

Mercury (nmol/L)

Number of cases 3316 2534 1543 991

Model 1 0.9 (0.77–1.06) 0.71 (0.63–0.8)b 0.72 (0.62–0.84)d 0.69 (0.56–0.85)d

Model 2 0.85 (0.76–0.95) 0.77 (0.7–0.85) 0.76 (0.69–0.85) 0.79 (0.65–0.97)

Methylmercury (nmol/L)e

Number of cases 1105 836 525 311

Model 1 0.65 (0.56–0.76) 0.54 (0.44–0.66) 0.6 (0.47–0.76) 0.42 (0.31–0.57)d

Model 2 0.63 (0.55–0.72) 0.56 (0.48–0.67) 0.62 (0.51–0.74) 0.46 (0.34–0.62)

Lead (lmol/L)

Number of cases 3317 2534 1543 991

Model 1 11.35 (10.88–11.83) 11.6 (10.98–12.25) 11.25 (10.56–11.99) 12.29 (11.31–13.35)

Model 2 11.32 (10.9–11.77) 11.62 (11.05–12.22) 11.3 (10.65–11.99) 12.28 (11.35–13.29)

HS-CRP (mg/L)

Number of cases 3265 2472 1508 964

Model 1 1.25 (1.09–1.43) 1.37 (1.19–1.59) 1.28 (1.03–1.59) 1.57 (1.33–1.85)

Model 2 1.32 (1.2–1.45) 1.28 (1.12–1.45) 1.24 (1.04–1.47) 1.36 (1.18–1.57)

aNumber of cases are unweighted.
bp< 0.01 adjusted geometric mean was significantly different from the reference group “Never worked in a noisy environment.”
cBased on a morning fasting sample.
dp< 0.05, adjusted geometric mean was significantly different from the reference group “Never worked in a noisy environment.”
eSub-sample; model 1: adjusted for age, sex and CHMS cycle; model 2: adjusted for age, sex, ethnicity, family history of heart disease, stroke or high blood

pressure, diabetes, smoking, alcohol consumption, level of vigorous activity, income, waist circumference, perceived stress, and exposure to loud non-

occupational noise; total-C, total cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; APO, apolipoprotein; HS-CRP, high sensitivity

C-reactive protein. Models for dietary potassium and sodium could not be conducted due to non-convergence (singularity).
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and multiple variables related to cigarette smoking. Having

highly correlated covariates in a model could cause issues

with multicollinearity and lead to spurious results.

The current study has the strength of using a large

nationally representative sample and a reliance on objec-

tively measured biomarkers related to cardiovascular risk

and/or outcomes. The analysis also considered a wide range

of potentially confounding variables, including heavy met-

als. Elevated heavy metal concentrations, observed among

participants reporting 10 or more years of loud occupational

noise exposure, have been associated with cardiovascular

abnormalities (Chowdhury et al., 2018). The list of evalu-

ated outcomes was extensive, but not complete. A limitation

of the current study was an inability to extend the analysis

to additional biomarkers of stress. This area of research

should always incorporate established stress biomarkers,

including catecholamines and cortisol (Anisman, 2015)

insofar as the proposed mechanism of action is thought to be

one mediated through stress responses marked by changes

in both (Basner et al., 2014). Furthermore, for some of the

evaluated outcomes (e.g., medically diagnosed stroke and

IDH among the most exposed group) there were too few

participants to conduct a meaningful statistical analysis. In

fact, when we attempted to stratify the analysis by age group

for males and females, many of the models would not con-

verge and several cell counts were below 10 and could not

be reported (data not shown). None of the stratified results

changed the results in any meaningful way. Similarly, when

we considered if the respondent currently worked in a noisy

environment, much of the data were unreportable and that

which could be did not affect the overall results (see Tables

S2–S5). Another study limitation is the questionnaire was

not designed to determine a typical daily duration of expo-

sure to a noisy work environment. This means a respondent

only briefly exposed to a noisy work environment (e.g.,

while moving about the workplace) could not be distin-

guished from one who worked their entire day in such an

environment. Furthermore, our exposure assessment was

based on self-report, unadjusted for the use of personal hear-

ing protection. Although this afforded us the ability to

directly compare with the NHANES analysis (Gan et al.,
2011), we know from previous studies that a high preva-

lence of the current respondents reported to use personal

hearing protection (Feder et al., 2017). This would not affect

the exposure groups in the current analysis, but it would

contribute to the variance in the cumulative exposure of

noise at the eardrum and any dose-dependent stress reac-

tions that might ensue. Noise dosimetry is a tenable option

(Li et al., 2019), but the dose at the eardrum is still influ-

enced by personal hearing protection no matter the degree

of compliance with manufacturer specifications. Support for

this comes from observations by Gopinath et al. (2011),

where the associations reported between unprotected occu-

pational noise exposure and prevalent CVD and angina were

not found among their study participants who self-reported

wearing personal hearing protection when exposed to loud

occupational noise. One viable approach to circumvent this

source of uncertainty would be to substitute self-reported

exposure with severity of noise-induced hearing loss as

recently reported elsewhere (Gan et al., 2016; Zhou et al.,
2019).

In conclusion, the data from the current study do not

support the hypothesis that self-reported exposure to a noisy

work environment is associated with adverse cardiovascular

outcomes, or any of the evaluated risk factors that would

promote CVD among Canadians.
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