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Recently, Sørensen et al1 reported an exposure–response 
relationship for traffic noise and stroke. A 2-fold increased 

stroke incidence2 and intracerebral hemorrhage mortality3 has 
been suggested for workers reporting severe noise exposure. 
However, 2 cohort studies showed no association with traffic 
noise at the residence.4,5 Occupational noise levels are orders 
of magnitude higher than traffic noise levels, and studies of 
occupational populations are thus more likely to detect an 
effect, if it exists. We report the incidence of stroke in a large 
noise-exposed occupational cohort.

Methods
Study Population
In 2001, we identified 625 companies from 10 industrial trades with 
high levels of compensation claims for occupational hearing loss and 
100 reference financial companies.6 In the national pension fund, we 
identified all employees (2001–2007) and their employment histories 
since 1964, which were complete since 1980.

During 2001 to 2003 and 2009 to 2010, we recorded mean, full-
shift noise exposure levels (L

AEq
 values in dB(A)) by personal dosim-

eters (Brüel & Kjær, 4443 and 4445) for 1077 workers (1268 personal 
measurements) from 168 randomly selected companies.7 We assumed 
a linear relationship with calendar year and predicted exposure levels 
by linear regression for trade since 1964.

Cases were defined by first diagnosis of stroke in the Danish 
National Patient Register, ICD-10 codes (DI61 [intracerebral 
hemorrhage], DI63 [cerebral infarction], and DI64 [stroke, un-
specified]) between January 1, 2001, and December 31, 2007. 
Information on occupation, socioeconomic status, redemption of 
antihypertensive and statin medication, and vital status were ob-
tained from national registers.

In total, 219 550 workers were used from 2001 to 2007. We ex-
cluded white-collar workers from industrial trades and blue-collar 

workers from financial companies (n=56 467), participants living 
outside Denmark (n=164), and participants diagnosed with stroke 
(n=467) before baseline. The study population then consisted of 
164 247 subjects.

We classified participants from the predicted noise exposure lev-
els (L

AEq
) for each exposed year (T) by the following: (1) cumulated 

noise exposure, 10xlog[∑(10 dB(A)/10xT)] resulting in “dB(A)-year”; 
(2) duration of exposure >80 and >85 dB(A), respectively; and (3) 
recent noise level. Additionally, we restricted analyses to industrial 
workers, analyzed stroke ICD-10 subcategories, first year of expo-
sure, and average exposure level (cumulated exposure/duration of 
exposure) and duration of exposure in the same model, and excluded 
workers exposed before start of follow-up.

Statistical Analyses
Rate ratios (RRs) and 95% confidence intervals (CIs) of stroke were 
estimated by logistic regression using STATA 12. We adjusted for 
age, sex, socioeconomic status, calendar year, employment status, 
and antihypertensives and statins in a sensitivity analysis.

Results
We identified 981 incident cases of stroke. At baseline, 
industrial workers were younger, more often men, had lower 
socioeconomic status, and slightly lower redemption rates 
of antihypertensives and statins than the reference group. 
Industrial workers showed higher risk of stroke than finan-
cial workers (adjusted RR, 1.27; 95% CI, 1.04–1.54). Sex and 
occupation showed no significant interaction (P=0.67), and 
we did not stratify by sex.

Crude analyses showed an 8-fold increased risk of stroke 
for the highest exposed (≥100 dB(A)-years), and the trend 
RR was 1.04 (95% CI, 1.03–1.05; Table 1). Adjusted analyses 
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showed an RR of 1.49 (95% CI, 0.82–2.73) for the highest 
exposed and a trend RR of 1.01 (95% CI, 0.99–1.02). Similar 
results were seen for industrial workers only.

Increased adjusted RRs between 1.07 and 1.49 were seen 
for different exposure durations >80 dB(A) and >85 dB(A), 
but no positive trends (Table 2), neither for industrial work-
ers only, were seen.

Recent noise exposure level >80 dB(A) indicated an 
increased risk of stroke (adjusted trend RR, 1.01; 95% CI, 
0.99–1.03), which vanished for industrial workers only 
(adjusted trend RR, 0.96; 95% CI, 0.90–1.03).

Analyses by stroke subcategories, adjusted for antihy-
pertensives or statins, by first year of exposure, including 
average exposure level and duration of noise exposure in 

the same models, or by cumulative exposure among first-
exposed ≥2001 showed no risk trends, but a trend RR of 
1.35 (95% CI, 0.81–2.26) by duration of exposure >85 
dB(A) among industrial workers first exposed between 
2001 and 2007.

Discussion
Industrial workers showed a 27% higher risk of stroke than 
financial workers, but not significantly related with noise 
levels.

The lack of an exposure-response relationship could be 
explained by nondifferential misclassification at the trade and 
calendar year level. But a higher variability is assumed within 
rather than between workers, and our exposure measure should 

Table 1.  Association of Stroke With Cumulative Noise Exposure for Industrial and Financial Workers

Cumulative Noise Exposure
(dB(A)-year) Person-Years Cases

Crude
RR (95% CI) P Value

Adjusted
RR (95% CI) P Value

<75 93 424 47* 1.00 1.00

75–79 139 819 90 1.16 (0.81–1.65) 0.420 0.80 (0.56–1.15) 0.223

80–84 192 520 206 1.95 (1.42–2.68) <0.001 1.04 (0.75–1.44) 0.834

85–89 182 837 199 1.97 (1.44–2.72) <0.001 1.11 (0.79–1.55) 0.559

90–94 240 630 300 2.09 (1.53–2.86) <0.001 1.08 (0.77–1.51) 0.673

95–99 69 334 124 3.01 (2.14–4.23) <0.001 0.99 (0.68–1.42) 0.939

≥100 3235 15 7.88 (4.39–14.15) <0.001 1.49 (0.82–2.73) 0.193

Trend RR† 921 799 981 1.04 (1.03–1.05) <0.001 1.01 (0.99–1.02) 0.129

Trend RR excluding financial 
workers†

644 813 746 1.05 (1.03–1.06) <0.001 1.00 (0.98–1.01) 0.915

Adjusted for age, sex, socioeconomic status, calendar year, and employment status.
*Reference group of workers used <100% of a year and financial workers.
†RR by 1-unit dB(A)-year increase.

Table 2.  Association of Stroke With Duration of Exposure >80 dB(A) and >85 dB(A) for Industrial and 
Financial Workers

Duration of Exposure Person-Years Cases
Crude

RR (95% CI) P Value
Adjusted

RR (95% CI) P Value

<70 dB(A) 276 986 235 1.00 1.00

>80 dB(A)

  <3 yr 278 388 256 1.19 (0.99–1.43) 0.052 1.38 (1.10–1.73) 0.006

  3–9 yr 271 825 316 1.31 (1.11–1.55) 0.002 1.22 (0.99–1.51) 0.066

  10–19 yr 74 952 127 1.87 (1.50–2.32) <0.001 1.28 (0.99–1.64) 0.057

  ≥20 yr 19 648 47 2.66 (1.94–3.64) <0.001 1.13 (0.80–1.59) 0.481

  Trend RR* 921 799 981 1.04 (1.03–1.05) <0.001 1.01 (0.99–1.02) 0.232

 � Trend RR excluding 
financial workers*

644 813 746 1.04 (1.03–1.05) <0.001 1.00 (0.99–1.01) 0.975

>85 dB(A)

  <3 yr 152 437 200 1.55 (1.29–1.88) <0.001 1.30 (1.01–1.68) 0.025

  3–9 yr 69 195 88 1.47 (1.15–1.87) 0.002 1.07 (0.80–1.44) 0.541

  10–19 yr 14 809 38 2.90 (2.06–4.09) <0.001 1.49 (1.02–2.19) 0.030

  ≥20 yr 2967 11 4.20 (2.29–7.69) <0.001 1.39 (0.74–2.61) 0.282

  Trend RR* 516 394 572 1.06 (1.05–1.08) <0.001 1.01 (0.99–1.03) 0.139

 � Trend RR excluding 
financial workers*

239 408 337 1.05 (1.03–1.07) <0.001 1.01 (0.99–1.03) 0.503

Adjusted for age, sex, socioeconomic status, calendar year, and employment status.
*RR by 1-year increase.
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reduce nondifferential misclassification.8 A healthy-worker 
survivor effect is an alternative explanation, had analyses not 
been adjusted for employment status, that accounts for early 
termination of employment.9

The inconsistency of our findings compared with previous 
traffic studies could also be attributable to lower stress lev-
els because noise annoyance is much lower in this population 
than similar level traffic noise.10

We adjusted for socioeconomic status,11 but information 
on other potential confounders was missing. Adjustment for 
antihypertensives and statins only changed point estimates 
minimally. We previously observed in a subsample that 
industrial workers smoked more often than financial work-
ers,7 which indicates that the overall higher risk of stroke 
among industrial workers may be attributable to lifestyle 
differences.

Two occupational2,3 and 1 traffic study1 have indicated an 
association with stroke at noise levels from <60 to >80 dB(A).1–3 
The occupational studies were limited by small numbers and 
self-reported exposure and outcomes.

We assessed long-term noise exposure, and cases were 
obtained from registries, neither influenced by individual 
recall. Selection bias is unlikely because all Danes have 
free access to health care. Information on hearing protection 
would have been useful, although analyses by first year of 
exposure, a proxy of noise level at the ear, did not reflect an 
increased risk.

To conclude, we do not confirm an association between 
long-term occupational noise exposure between 80 and 86 
dB(A) and stroke. Thus, we could not extend recent findings 
for low-level traffic noise to high-level occupational noise. 
Although our data suggest an increased risk of stroke for 
industrial workers, this does not seem preventable by reduc-
ing noise levels.
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