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Objectives This study aimed to investigate the impact of occupational noise exposure on incident ischemic heart
disease (IHD), including acute myocardial infarction (AMI).

Methods We conducted a pooled analysis of six Nordic cohorts with a total of 83 103 participants with individual
and area-level confounder information. Occupational codes were matched to a job-exposure matrix developed
from Swedish measurements in five categories (LAeq8h): <70, 70-74, 75-79, 80-84, and >85 dB(A). Residen-
tial address history was used to estimate baseline 1-year average residential road traffic noise exposure. Data on
incident IHD and AMI were obtained from national patient registers. We calculated hazard ratios (HR) using
Cox proportional hazard models adjusted for socioeconomic and lifestyle factors.

Results After adjustment for baseline year, sex, marital status, area-level income, education, smoking, and physi-
cal activity, exposure to >85 dB(A) of occupational noise was associated with an 10% and 12% increased risk
of [HD, excluding angina pectoris, and AMI, respectively. For these outcomes, suggestive exposure—response
trends were observed, but risks were only statistically significant for those exposed to >85 dB(A) as well as men
exposed to >75 dB(A). We did not find evidence that combined exposure to both occupational noise and road
traffic noise was particularly harmful.

Conclusion We found increased risks of [HD and AMI among those exposed to occupational noise >85 dB(A).
Further studies should investigate whether this association is confounded by other occupational exposures.

Key terms acute myocardial infarction; cardiovascular disease; IHD; JEM; job-exposure matrix; occupational
exposure; road traffic noise.
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Occupational noise exposure and ischemic heart disease

Ischemic heart disease (IHD) is one of the leading
causes of morbidity and mortality in the world, with
an estimated 293 million prevalent cases in 2023 (1).
Occupational factors have been receiving increased
attention as potential contributors to IHD. Indeed, in
Europe, cardiovascular diseases have been named as the
second leading cause of work-related death, accounting
for an estimated 24% of all cases (2), which emphasizes
the importance of identifying elements of the work
environment that can be targeted with interventions to
reduce this burden.

Workplace environments, particularly in industrial,
manufacturing, and transportation sectors, are often
characterized by elevated noise levels. In 2015, 28%
of European workers reported being exposed to exces-
sive occupational noise (3). Several mechanisms have
been proposed linking noise exposure to cardiovascular
disease. Noise exposure can impair endothelial func-
tion and promote inflammation and oxidative stress,
while also disrupting autonomic balance by increasing
sympathetic activity and suppressing parasympathetic
tone (4, 5). Noise-induced sleep disturbance may further
amplify these effects through sleep fragmentation and
impairment of circadian rhythm (6).

Studies have shown that occupational noise can
affect the risk of cardiovascular diseases. One recent
meta-analysis estimated that exposure to high occupa-
tional noise was associated with a 1.29 [95% confidence
interval (CI) 1.15-1.43] fold increased risk of incident
IHD (7). This estimate, however, was based on only two
cohort studies, and the authors concluded that evidence
is limited, further emphasizing the need for additional
high-quality longitudinal studies. Three case—control
studies were also pooled, with a resulting increased odds
of 1.38 (95% CI 0.94-2.02) (7). Other smaller studies
not included in these estimates also showed an increased
risk of IHD associated with occupational noise (8). An
additional limitation of prior literature is that most stud-
ies utilized a cutoff of 85 dB(A), a level deemed to be
hazardous for hearing impairment, and did not explore
whether an elevated risk of IHD might also occur at
lower levels.

Environmental noise has been found to be associ-
ated with an increased risk of IHD (9). Given that many
individuals will be exposed to high noise levels both at
home and at work, it is important to explore this rela-
tionship further. Few studies, however, have assessed
the impact of the combination of road traffic and occu-
pational noise. One Swedish study that did investigate
both sources of noise found that those who were exposed
to high levels of road traffic and occupational noise had
a slightly increased risk of acute myocardial infarction
(AMI) compared to those exposed to occupational or
road traffic noise alone (10). Further studies to elucidate
this relationship are needed.
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In this pooled study of six Nordic cohorts, we aimed
to investigate the impact of occupational noise exposure
on incident IHD and AMI, adjusting for socioeconomic
and individual risk factors. We also aimed to explore
whether concurrent road traffic noise exposure impacts
this relationship.

Methods

Study population

Data came from pooled Nordic cohorts from the “Nor-
dic studies on occupational and traffic noise in relation
to disease” (NordSOUND) project (www.nordsound.
dk). For the present study, we included six cohorts with
information on occupational exposure: the Diet, Cancer,
and Health (DHC) cohort from Copenhagen/Aarhus,
Denmark (11); the FINRISK cohort from Helsinki,
Vantaa and Turku, Finland (12); the Swedish Primary
Prevention Study (PPS) from Gothenburg, Sweden (13);
the Malmo Diet and Cancer study (MDCS) from Malmo,
Sweden (14); and the Swedish National Study of Ageing
and Care in Kungsholmen (SNAC-K) (15) and Stock-
holm Screening Across the Lifespan Twin Study (SALT)
(16) harmonized by the Cardiovascular Effects of Air
Pollution and Noise in Stockholm (CEANS) project
(17). Information on the cohorts can be found in the
supplementary material (www.sjweh.fi/article/4333),
table S1. Data harmonization and checks were done
centrally according to a common protocol.

Occupational noise exposure

To estimate occupational noise, we utilized a job-expo-
sure matrix (JEM), which links occupational codes to
exposure estimates, enabling us to estimate exposure
levels for large study populations where individual-level
measurements are not feasible. A Swedish JEM on noise
was linked to the pooled data using occupational codes.
The noise JEM estimates annual average of daily 8-hour
exposure to A-weighted sound pressure level (L) in
five exposure classes: <70, 7074, 75-79, 8084, and >85
dB(A) in five-year intervals from 1970-2014. Current and
historical measurements from clinics, occupational health
services, large companies, and other reports throughout
Sweden were used in the development of the JEM. The
JEM was originally developed for 321 occupational
groups coded in the 1983 version of the Nordic Occu-
pational Classification (NYKS83) coding system and has
been translated into different coding systems (FOBSO0,
ISCO-88, ISCO-08) by an occupational hygienist. A
team of occupational hygienists have validated the JEM
and found it to have consistent and reliable results (18).


http://www.nordsound.dk
http://www.nordsound.dk
https://www.sjweh.fi/article/4333

Occupational data in the NordSOUND cohorts were
collected from national registers (DCH, FINRISK), or
from baseline questionnaires given to participants at
time of recruitment (MDCS, PPS, SALT, SNAC-K).
From each cohort, we selected participants with avail-
able occupational data at baseline or the latest occupa-
tion listed in the five years prior to baseline, such as for
those who were already of retirement age at recruitment.
Individuals with occupational data older than five years
prior to baseline were not included in this study. Two
cohorts, DCH and FINRISK, had additional longitudinal
occupational data after baseline. Different coding sys-
tems were used depending on the country and the year of
data collection. For each country, occupational data were
matched to the JEM in the appropriate coding system
(ISCO-88 and ISCO-08 for DCH and FINRISK, and
NYKS83, FOB80, and FOB85 for MDCS, PPS, SNAC-
K, and SALT) and were assigned a noise exposure class
based on the year of exposure. Information on part-time
work was not available; therefore, we assume full-time
work for all those with occupational data.

Road traffic noise

Exposure to road traffic noise was estimated using
participants’ address history and the Nordic Prediction
method, which accounts for the location of the resi-
dence, obstructions from landforms and structures, and
data on annual mean daily traffic averages, type of traf-
fic, speed, and the road type for all major roads. Except
for the Stockholm cohorts and FINRISK, information on
smaller roads was included. A time-weighted mean for
the year preceding the baseline was calculated. Details
on the exposure assessment for road traffic noise can be
found elsewhere (19).

Outcome

For each cohort, data on IHD and AMI were obtained
from national in- and outpatient and mortality reg-
isters. The following International Classification of
Diseases, ninth and tenth revisions (ICD-9 and ICD-
10) codes were used to extract IHD cases: ICD9 codes
410-414 and ICDI10 codes 120-125. To identify the
subgroup of myocardial infarction cases, the following
codes were used: ICD9 codes 410 and ICD10 codes
121-123. Because of differences in the composition of
IHD cases between the Danish and Swedish data (20),
we further selected a subgroup of IHD that excluded
angina pectoris using the following codes: ICD9 codes
410,411,412,414 and ICD10 codes 121-125. Information
on angina pectoris was not available for the FINRISK
cohort; therefore, this cohort was excluded from all
analyses on this outcome. Those with a diagnosis of IHD
at or prior to their baseline year were excluded.
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Covariates at baseline

Covariate selection was based on existing literature
and availability in the cohorts. From each cohort’s
individual baseline questionnaire, we obtained data on
age, smoking status (current, former, or never), leisure-
time physical activity (low: once a month or <1 hour/
week, medium: about once a week or approximately 1
hour/week, high: >3 times a week or >2 hours/week),
alcohol consumption (daily, weekly, seldom, or never)
and body mass index (BMI). Information on alcohol
consumption was not available for the PPS cohort.
Information on educational level (low: primary school or
less; medium: up to secondary school or its equivalent;
or high: university or higher) and marital status (single:
not married or widowed; married: married or living with
a partner) were obtained from questionnaires or national
registers. To account for area-level socioeconomic sta-
tus, mean income was categorized into country-specific
quartiles based on register data for small, socioeconomi-
cally homogenous areas with approximately 1000-2000
inhabitants.

Statistical methods

We created Cox proportional hazards models with age
as the underlying time scale to calculate hazard ratios
(HR) and 95% CI for IHD, IHD excluding angina pec-
toris, and AMI associated with increasing occupational
noise categories compared to <70 dB(A). We checked
proportional hazards assumptions by a test of the cor-
relation between scaled Schoenfeld residuals and time.
Deviations were detected for sex, educational level,
and smoking, which were then all included as strata
in the models. Additionally, models were stratified by
cohort, which allowed for different baseline hazards. All
participants in each cohort were followed from recruit-
ment until emigration, death, loss to follow-up, end of
follow-up, or IHD incidence.

Three models were created with increasing adjust-
ments: model 1 was adjusted for age (by design), cohort,
baseline year, and sex; model 2 was additionally adjusted
for marital status, area-level income, and education; and
in model 3, we added adjustments for smoking, and
physical activity. Model 3 was then stratified by sex to
obtain separate estimates for men and women. Since the
DCH and FINRISK cohorts included longitudinal occu-
pational data we were able to assess the time-varying
effect of occupational noise in these two cohorts by tak-
ing changes in exposure into account. For these cohorts,
we also censored after 5 years and 1 year and compared
it to the uncensored estimates in these two cohorts.

We also assessed the effect of exposure to both road
traffic and occupational noise. To do this, we created a
variable by combining categories of occupational noise
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[<70, 70-80 and >80 dB(A)] and categories of baseline
1-year average road traffic noise [<55, 55-65 and >65
dB(A)] into nine categories (<70 and <55, <70 and
55-65, <70 and >65, 70-80 and <55, 70-80 and 55-65,
70-80 and >65, >80 and <55, >80 and 55-65, >80 and
>65). Because of the limited number of exposed cases
in some groups, we collapsed the five categories of
occupational noise into three.

Several sensitivity analyses were conducted. In our
pooled cohort, <1% of those with the highest noise
levels reported having high education, which indicates
a potential for over-adjustment with the inclusion of this
confounder. Therefore, we repeated the three models
while excluding education, as well as stratified for the
different levels of education. In the stratified model,
we were unable to estimate the effects of exposure >85
dB(A); therefore, we combined the two highest catego-
ries. We also repeated analyses and included adjust-
ments for both alcohol consumption and BMI, while
excluding the PPS cohort due to its lack of information
on the former. Lastly, we repeated model 3 for each
cohort individually. Individuals with missing data for
covariates were excluded. The PPS cohort did not ask

questions regarding alcohol use and FINRISK did not
have angina pectoris diagnosis codes; therefore, these
cohorts were excluded from analyses needing this data.
All analyses were performed in SAS version 9.4 (SAS
Institute, North Carolina, USA) and R (version 3.2.3).

Results

Our study included 83 103 individuals with occupa-
tional data at baseline and complete information on
all covariates except for alcohol consumption. Table 1
shows the characteristics of the pooled cohort by occu-
pational noise exposure. Those exposed to >85 dB(A)
of noise were more often men, married/cohabitating,
living in either the lowest or highest income areas, and
had a lower proportion of high education. They were
also more likely to report being current smokers, hav-
ing low leisure-time physical activity, and consuming
alcohol daily.

Table 2 shows HR for the association between occu-
pational noise exposure and IHD, IHD excluding angina

Table 1. Characteristics of the study population and occupational noise exposure at baseline.

Total Occupational noise exposure [dB(A)]
<70 (N=50 775) 70-74 (N=14692) 75-79 (N=8048) 80-84 (N=6234) >85 (N=3354)
N % Mean % Mean % Mean % Mean % Mean

Age at baseline 55.9 55.9 55.5 55.3 55.6
Sex

Men 39494 40.7 475 66.1 56.7 89.1

Women 43609 59.3 52.5 339 43.3 10.9
Marital status

Single 22197 27.7 25.4 25.2 27.1 21.0

Married/cohabiting 60906 72.3 74.6 74.8 729 79.0
Educational level ?

Low 32026 32.8 433 46.0 56.9 51.6

Medium 31872 40.8 342 35.9 26.6 475

High 19205 26.4 22.5 18.1 16.5 0.9
Area-level income ® (quartiles)

Q1 22601 26.0 29.8 28.4 28.2 29.8

Q2 17390 20.8 211 20.6 21.6 22.3

Q3 16924 20.5 19.2 20.7 21.7 19.2

Q4 26188 32.7 29.9 30.3 28.5 28.7
Smoking Status

Current 26993 301 35.0 36.3 35.6 43.0

Former 25246 30.7 29.1 30.0 30.7 31.4

Never 30864 39.2 35.9 33.7 33.7 25.6
Leisure-time physical activity ©

Low 40024 46.0 51.0 52.0 50.0 55.7

Medium 20385 25.4 225 22.7 26.1 22.3

High 22694 28.6 26.5 25.4 239 20.0
Alcohol consumption

Daily 14246 17.3 16.1 18.6 14.6 20.0

Weekly 41446 52.4 50.4 459 38.2 40.6

Seldom 17567 20.9 23.0 19.8 24.2 15.1

Never 4771 5.2 6.0 6.4 9.3 4.7

Missing 5073 4.2 45 9.3 13.7 19.6
Body mass index 25.5 26.0 26.3 26.1 26.7

2 Low: primary school or less; medium: up to secondary school or equivalent; high: university degree and more at recruitment.
® Area-based mean household income at the address where the participant lived at the enrollment, categorized into country-specific quartiles.
¢ Low: once a month or less or <1 hour/week; medium: about once a week or about 1 hour/week; high: >3x a week or >2 hours/week.
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Table 2. Associations between occupational noise exposure at baseline and ischemic heart disease and myocardial infarction incidence. [HR=hazard

ratio; Cl=confidence interval.]

Occupational noise level [dB(A)] Cases Model 12 Model 2° Model 3¢
N HR (95% Cl) HR (95% Cl) HR (95% Cl)
Ischemic heart disease
<70 9071 ref ref ref
70-74 2960 1.11(1.06-1.16) 1.07(1.03-1.12) 1.05(1.01-1.09)
75-79 1794 1.14(1.08-1.20) 1.09(1.03-1.14) 1.06(1.01-1.12)
80-84 1434 1.13(1.07-1.20) 1.07(1.01-1.13) 1.04(0.98-1.11)
>85 961 1.22(1.14-1.30) 1.12(1.05-1.20) 1.08(1.00-1.15)
Ischemic heart disease excluding angina pectoris ¢
<70 5006 ref ref ref
70-74 1616 1.11(1.05-1.17) 1.06(1.00-1.12) 1.03(0.97-1.09)
75-79 1049 1.16(1.09-1.25) 1.09(1.02-1.17) 1.07(1.00-1.14)
80-84 913 1.19(1.11-1.28) 1.11(1.03-1.19) 1.07(1.00-1.16)
>85 615 1.28(1.18-1.40) 1.16(1.06-1.26) 1.10(1.01-1.21)
Acute myocardial infarction
<70 3168 ref ref ref
70-74 1007 1.12(1.04-1.20) 1.05(0.98-1.13) 1.03(0.95-1.10)
75-79 690 1.16(1.06-1.26) 1.07(0.99-1.17) 1.05(0.97-1.15)
80-84 640 1.18(1.09-1.29) 1.08(0.99-1.18) 1.06 (0.97-1.16)
>85 440 1.32(1.19-1.47) 1.17(1.06-1.30) 1.12(1.01-1.24)

2 Adjusted for age (by design), cohort, baseline year, sex.

b Adjusted for age (by design), cohort, baseline year, sex, marital status, area-level income, education.
¢ Adjusted for age (by design), cohort, baseline year, sex, marital status, area-level income, education, smoking, and physical activity.

dInformation on angina pectoris was not available for the FINRISK cohort.

pectoris, and AMI. After adjusting for age, cohort,
baseline year, sex, marital status, area-level income,
education, smoking, and physical activity, exposure to
occupational noise levels >70 dB(A) was associated
with a 4-8% increased risk of IHD (model 3). For IHD
excluding angina pectoris and AMI, we found a weak
exposure—response trend in the fully adjusted model 3,
with increased risks associated with each increasing cat-
egory of occupational noise, though the CI overlapped;
only exposure to >85 dB(A) was statistically significant
(HR 1.10, 95% CI 1.01-1.21 for IHD excluding angina
pectoris and HR 1.12, 95% CI 1.01-1.24 for AMI).
Excluding education from the analysis yielded statisti-
cally significant increased HR for all three outcomes
from 70 dB(A), with an exposure-response trend for
IHD excluding angina pectoris and AMI (supplemen-
tary table S3, model 3). When stratified by education,
increased risks were observed for those with low and
medium education but not high education after adjusting
for age, cohort, baseline year, sex, marital status, area-
level income, smoking, and physical activity (supple-
mentary table S4). In the analysis excluding the PPS
cohort (supplementary table S5), model 3 — which is
adjusted for age, cohort, baseline year, sex, marital sta-
tus, area-level income, education, smoking, and physical
activity — showed similar results to the full cohort; how-
ever, with no exposure—response trend. Adjustment for
alcohol consumption and BMI (model 5) showed further
attenuation in the hazard; however, we still observed
increased, albeit non-statistically significant, HR for
those exposed to >85 dB(A) of occupational noise.
When stratifying by sex, there was an increased risk

among men showing a weak exposure-response trend
for both IHD excluding angina, where the increased
risk was statistically significant starting at >75 dB(A)
of occupational noise exposure (table 3). We observed
the same pattern for AMI among men; however, only the
highest noise category was statistically significant. On
the other hand, no clear or consistent increases in risk
related to occupational noise exposure and/or exposure-
response trends were observed among women.

When assessing longitudinal occupational noise
exposure within the DCH and FINRISK cohorts (table
4), exposure >85 dB(A) was associated with increased
HR for IHD, IHD excluding angina pectoris, and AMI
when censoring five years after the last occupational
code of 1.11 (95% CI 0.98-1.26), 1.22 (95% CI 1.02-
1.45), and 1.16 (95% CI 0.93—1.44), respectively. Cen-
soring after one year attenuated the effect sizes for IHD
excluding angina pectoris (HR 1.11, 95% CI 0.89-1.38),
and AMI (HR 1.02, 95% CI 0.78-1.35).

Results for the combined exposure to occupational
and road traffic noise are shown in table 5. We did not
observe any consistent pattern of increased hazards in
those with high exposure to both types of noise. Within
the <55 dB and 55-65 dB of road traffic noise groups,
increased exposure to higher levels of occupational
noise was associated with increased HR of IHD, IHD
excluding angina pectoris, and AMI when compared to
those exposed to the lowest levels of both occupational
and road traffic noise. Among those exposed to >65 dB
of road traffic noise, those exposed to 70-79 dB(A)
of occupational noise had the highest risk of all three
outcomes.
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Table 3. Associations between occupational noise exposure at baseline and ischemic heart disease and myocardial infarction incidence stratified

by sex. [HR=hazard ratio; Cl=confidence interval.]

Occupational noise level [dB(A)] Men Women
Cases Model 32 Cases Model 32
N HR (95% Cl) N HR (95% Cl)
Ischemic heart disease
<70 4849 ref 4222 ref
70-74 1794 1.03(0.98-1.09) 1166 1.08(1.01-1.15)
75-79 1427 1.08(1.01-1.14) 367 1.01(0.91-1.13)
80-84 1070 1.05(0.98-1.12) 364 1.03(0.92-1.15)
>85 900 1.08(1.00-1.16) 61 1.03(0.80-1.33)
Ischemic heart disease excluding angina pectoris®
<70 2832 ref 2174 ref
70-74 1069 1.04(0.97-1.12) 547 1.01(0.92-1.12)
75-79 869 1.10(1.02-1.19) 180 0.96 (0.83-1.12)
80-84 737 1.12(1.03-1.22) 176 0.95(0.81-1.11)
>85 590 1.14(1.04-1.25) 25 0.85(0.57-1.27)
Acute myocardial infarction
<70 1917 ref 1251 ref
70-74 705 1.03(0.94-1.12) 302 1.04(0.92-1.19)
75-79 584 1.08(0.99-1.19) 106 0.96 (0.78-1.17)
80-84 531 1.09(0.99-1.21) 109 0.96 (0.78-1.16)
>85 426 1.15(1.03-1.28) 14 0.91(0.54-1.55)

2 Adjusted for age (by design), cohort, baseline year, sex, marital status, area-level income, education, smoking, and physical activity.

®Information on angina pectoris was not available for the FINRISK cohort.

Table 4. Associations between longitudinal occupational noise exposure and ischemic heart disease and myocardial infarction incidence among

the DCH and FINRISK cohorts. [HR=hazard ratio; Cl=confidence interval.]

Occupational noise level [dB(A)] Cases All participants Cases Censored after Cases Censored after
5years 1year
N HR2(95% CI) N HR2(95% CI) N HR2(95% CI)
Ischemic heart disease
<70 4649 ref 2535 ref 1601 ref
70-74 1889 1.02(0.97-1.08) 1038 1.03(0.96-1.11) 637 1.03(0.94-1.13)
75-79 969 0.99(0.92-1.06) 534 0.93(0.85-1.03) 343 0.94(0.83-1.06)
80-84 423 0.99(0.90-1.10) 221 0.94(0.82-1.08) 132 0.93(0.77-1.11)
>85 489 1.05(0.95-1.16) 294 1.11(0.98-1.26) 187 1.10(0.94-1.29)
Ischemic heart disease excluding angina pectoris ®
<70 2256 ref 1124 ref 699 ref
70-74 930 1.00(0.93-1.08) 473 1.01(0.90-1.12) 285 0.99(0.85-1.14)
75-719 516 1.02(0.92-1.12) 268 0.96 (0.84-1.11) 175 0.97(0.82-1.15)
80-84 201 0.95(0.82-1.10) 100 0.92(0.75-1.13) 57 0.85(0.65-1.12)
>85 275 1.09(0.96-1.24) 167 1.22(1.02-1.45) 100 1.11(0.89-1.38)
Acute myocardial infarction
<70 1177 ref 671 ref 456 ref
70-74 473 0.96 (0.86-1.07) 277 0.96 (0.84-1.11) 174 0.90(0.76-1.08)
75-79 287 0.99(0.87-1.13) 160 0.90(0.75-1.07) 112 0.90(0.73-1.11)
80-84 106 0.92(0.76-1.13) 61 0.91(0.70-1.19) 37 0.83(0.59-1.16)
>85 161 1.11(0.93-1.31) 100 1.16(0.93-1.44) 64 1.02(0.78-1.35)

2 Adjusted for age (by design), cohort, baseline year, sex, marital status, area-level income, education, smoking, and physical activity

®Information on angina pectoris was not available for the FINRISK cohort.

Discussion

In this pooled study of six Nordic cohorts, we observed
an increased risk of AMI associated with occupational
noise >85 dB(A) after adjusting for individual confound-
ers. We also observed an increased hazard of IHD, but
only when excluding those with a diagnosis of angina
pectoris, a less well validated outcome than AMI. We
did not observe any associations when looking at com-
bined exposure to occupational and road traffic noise.
When adjusting for education, we observed a significant
attenuation of the results.
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One recent meta-analysis estimated a relative risk
of 1.29 (95% CI 1.15-1.43) for IHD associated with
exposure to over 85 dB(A) of occupational noise based
on two cohort studies from Sweden and Finland, both
using exposure assessment based on JEM (7). However,
this was only adjusted for age and systolic blood pres-
sure, which is most comparable to our estimate adjusted
for baseline year and sex where we observed a HR of
1.22 (95% CI 1.14-1.30). Systolic blood pressure can
be a potential mediator and its inclusion as a confounder
may lead to over-adjustment, attenuating the estimates
given in the meta-analysis. Of these two studies, only
one adjusted for additional covariates and found a
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Table 5. Associations between combined exposure to occupational noise and road traffic noise at baseline and ischemic heart disease and myo-

cardial infarction incidence. [HR=hazard ratio; Cl=confidence interval.]

Occupational noise level [dB(A)]

Road traffic noise, Ly, (dB)

Cases <55 Cases 55-65 Cases 65 and over
N HR?(95% Cl) N HR?(95% Cl) N HR?(95% Cl)
Ischemic heart disease
<70 3363 ref 2726 1.00(0.95-1.06) 987 1.04(0.97-1.12)
70-79 1892 1.05(0.99-1.11) 1633 1.09(1.03-1.16) 565 1.07(0.98-1.17)
>80 773 1.07(0.98-1.16) 679 1.11(1.02-1.27) 204 1.03(0.89-1.19)
Ischemic heart disease excluding angina pectoris ®
<70 1745 ref 1429 1.02(0.95-1.10) 532 1.07(0.97-1.18)
70-79 989 1.03(0.95-1.12) 878 1.11(1.02-1.21) 323 1.14(1.01-1.29)
>80 448 1.10(0.99-1.23) 400 1.16(1.04-1.30) 125 1.12(0.93-1.35)
Acute myocardial infarction
<70 1080 ref 795 0.97(0.89-1.07) 298 1.05(0.92-1.19)
70-79 614 1.01(0.91-1.12) 514 1.06(0.95-1.19) 191 1.15(0.99-1.35)
>80 317 1.14(1.00-1.30) 249 1.11(0.96-1.27) 73 1.02(0.80-1.29)

2 Adjusted for age (by design), cohort, baseline year, sex, marital status, area-level income, education, smoking, and physical activity

® Information on angina pectoris was not available for the FINRISK cohort.

non-statistically significant HR of 1.22 for IHD (21).
This study, however, did not adjust for education. In
our study, without adjustment for education, we found
a statistically significant HR of 1.15 for all IHD and
1.20 for IHD excluding angina pectoris (supplementary
table S3). A Swedish cohort study based in Stockholm
County, one of the areas included in our pooled cohort,
found that occupational noise >75 dB(A) was associated
with an increased risk of AMI with an odds ratio of 1.17
(95% CI1 0.98-1.41) (10). This study also did not adjust
for education; therefore, when comparing our findings
without education adjustment, we find similar risks.

Care must be exercised when interpreting results
adjusted for education as it is closely related to occupa-
tional noise levels. In our study, <1% of those exposed to
>85 dB(A) of noise reported high education. Therefore,
we believe the true association lies somewhere between
the two estimates, indicating a risk of >12—<24% for
myocardial infarction and >10-<20% for IHD excluding
angina pectoris. When attempting to stratify for educa-
tion, we were unable to estimate the risk of occupational
noise >85 dB(A) for those with high education; however,
we observe a tendency for increased risks for myocardial
infarction at levels >70 dB(A) for those with low and
medium education (supplementary table S4).

A recent study on self-reported occupational noise
did not find an association between working in a noisy
environment and myocardial infarction (22). However,
because of the subjective nature of the exposure, it
is possible that this type of exposure classification
cannot differentiate between those exposed to some
occupational noise as opposed to those exposed to very
high noise levels. However, in our study, we observed
an indication of an increased, albeit non-statistically
significant, association between IHD and occupational
noise already starting at 70 dB(A). Other studies using
similar self-reported measures did find increased risk for
myocardial infarction, and a significant increase for car-

diovascular heart disease associated with self-reported
exposure to occupational noise (23, 24).

There is a considerable difference in incident IHD,
and in particular AMI, between men and women at the
same age, with much lower rates among women (25).
When stratifying by sex, we did not find any association
between occupational noise and any of the outcomes
among women as we did for men. Though few studies
investigate women separately, one case—control study
did find a non-statistically significant increased risk
for AMI among women exposed to 85-94 dB(A) of
occupational noise but not for men exposed to the same
levels (26). In this study, 11 women were exposed to
noise levels >85 dB(A), and of these there were 4 cases,
thus creating wide CI and making comparisons difficult.
Similarly, our study only had 14 cases of AMI in the
highest noise group, suggesting insufficient statistical
power in this outcome. Nevertheless, the consistent lack
of increased risk across all IHD outcomes we found
suggests that women may respond differently to occu-
pational noise than men. This could reflect differences
in noise exposure characteristics or patterns that exist
both within and between occupational groups which
the current version of the JEM cannot capture. Alterna-
tively, IHD appears at a later age compared to men (27),
where the effects of occupational noise at earlier ages
are less influential than other risk factors. The presumed
protective effect of estrogen (28) may further limit the
development of disease during working age.

We found no evidence that very recent exposure to
noise was associated with IHD. Censoring after five
years had the strongest effect on all outcomes. This
indicates that there may be a temporal aspect to the
association between occupational noise exposure and
IHD. However, when censoring after one year, we found
a weaker effect for IHD excluding angina pectoris and
AMI than the analysis censoring after five years and,
for AMI, the uncensored analyses. One other study on
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the same cohorts investigating stroke found a stronger
association for those exposed to >85 dB(A) of occupa-
tional noise after censoring for one year (29). Another
study found that among all workers, longer follow-up
times resulted in slightly increased risks of coronary
heart disease (30). It is important to note that statistical
power and comparability was lost when restricting the
analysis to the younger individuals in the cohort who
were not yet retired at the time of enrollment and had
occupational exposure after baseline, which can affect
our ability to detect a true association. Therefore, this
analysis may be best suited for a larger cohort.

When evaluating the combined effect of road traffic
and occupational noise, we did not find any evidence
that being exposed to the highest level of both exposures
led to an increase in the risk of AMI despite evidence
of independent associations due to both occupational
noise found in the present study and road traffic noise
in a separate study of the same cohorts (20). A previous
study of Swedish men and women in Stockholm County
found that the combination of occupational and road
traffic noise led to a synergistic effect on myocardial
infarction risk (10). The discrepancy in results could be
because our study includes a wider range of road traffic
noise exposures. The study by Selander and colleagues
(10) characterized high road traffic noise exposure as
being exposed to >51.8 dB(A), whereas we included
three categories of noise, where the lowest category was
<55 dB L. A previous study on this cohort found no
increased risk of IHD at noise levels <55 dB L,,, and
found that there may be differences in both noise expo-
sure distribution and assessment between the cohorts
included (20). Additionally, a similar study to ours
found no evidence of an interaction between exposure
to occupational and road traffic noise for stroke (29).

Several biological mechanisms may underlie the
observed associations. Chronic exposure to high-inten-
sity noise activates the hypothalamic—pituitary—adrenal
axis and the sympathetic nervous system, leading to
increased secretion of stress hormones such as cortisol
and catecholamines (5). These hormonal changes can
elevate blood pressure, heart rate, and vascular inflam-
mation, thereby promoting atherosclerosis and increas-
ing the risk of ischemic events (4). Noise exposure can
also disrupt sleep, further contributing to metabolic and
cardiovascular dysregulation (6). While these mecha-
nisms are well documented for environmental noise,
evidence for occupational noise remains limited. Our
findings of a risk increase primarily at very high expo-
sure levels suggest that intensity and duration are critical
determinants of cardiovascular effects.

This study has a few limitations. The use of a JEM
implies that exposure is assigned at the occupational
group level rather than measured individually. While this
approach reduces differential misclassification, it does
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not capture within-occupation variability. Additionally,
we were unable to adjust for co-occurring exposures
such as physical workload, vibration, or shift work. As
a result, the estimated associations may reflect a mixture
of occupational exposures rather than the isolated effect
of noise. We did not have information on working hours,
which could lead to nondifferential misclassification as
the JEM was developed assuming full-time work. Hav-
ing exposure categories rather than continuous estimates
limited our ability to determine a risk threshold and the
lack of sex-specific occupational noise levels in the JEM
impairs our ability to accurately estimate sex differ-
ences in exposure. We also lacked information on other
occupational and environmental exposures that may
confound the association. Occupational noise exposure
limits in Sweden are harmonized with the European
Union (EU) minimum requirement, suggesting that the
Swedish JEM is largely applicable to the Nordics and
generalizable across the EU member states. However,
generalizability is limited beyond the EU, particularly
to regions with different noise regulations. Lastly, we
cannot rule out potential residual confounding. Though
the association between occupational noise and IHD
remained after adjusting for lifestyle and socioeconomic
covariates, confounding due to other sources, such as
other occupational exposures, remain a possibility.
However, one study found that the effect of occupational
noise on coronary heart disease remained even after
adjusting for shift work and physical workload (31),
suggesting an independent effect of noise.

Our study has several strengths. We use data from a
large number of participants with complete information
on lifestyle factors from several countries, allowing for
more detailed confounder control while maintaining
statistical power. Our study also benefits from the use of
an extensive JEM, which covers >300 occupations, and
is based on objective measurement reports, and has been
validated and shown to have no systematic differences in
classification between raters (18). Moreover, the cohorts
included high quality, national registers to assess the
outcome, which provided accurate information on diag-
nosis of IHD. Lastly, we were able to assess associations
with road traffic noise in addition to occupational noise
using validated models with high spatial resolution.

Concluding remarks

Our results show that exposure to high levels of occu-
pational noise was associated with an increased risk of
AMI and IHD excluding angina pectoris, which is cor-
roborated by previous findings. Further studies should
investigate the precise levels at which risk increases
and whether this association is confounded by other
occupational exposures.
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