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Objectives   The aim of this study was to assess the joint effect of job strain and both road-traffi c and occupa-
tional noise on myocardial infarction (MI).
Method   We conducted a population based case–control study on fi rst time MI in Stockholm County during 
1992–1994. Participants answered a questionnaire and underwent a physical examination. Residential road-traffi c 
noise exposure was based on residential history combined with information on traffi c intensity and distance to 
nearby roads. Occupational noise exposure was assessed by occupational history combined with a job-exposure 
matrix derived from measurements. Job strain was based on questions regarding psychological demands and 
decision latitude. A total of 3050 study participants (1252 cases and 1798 controls) were included in the study.
Results   An increased risk of MI was indicated among participants exposed to road-traffi c noise [odds ratio 
(OR) 1.23, 95% confi dence interval (95% CI) 1.01–1.51], occupational noise (OR 1.17, 95% CI 0.98–1.41) 
and job strain (OR 1.39, 95% CI 1.17–1.65). Participants exposed to one, two, or three of these factors showed 
an increased risk (OR 1.16, 95% CI 0.97–1.40, OR 1.57, 95% CI 1.24–1.98, and OR 2.27, 95% CI 1.41–3.64, 
respectively). Exposure to two or three of these factors occurred among about 20% of the controls.
Conclusion   Our results indicate that exposure to a combination of noise exposure and job strain increases the 
risk of MI substantially. Such exposures affect a considerable part of the population, which has relevance for 
prioritization of preventative measures. 
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Community noise is an increasing problem in urban 
areas worldwide (1). Short-term noise exposure is a 
stressor activating the sympathetic and endocrine sys-
tems, which may lead to acute changes in blood pressure 
and heart rate, as well as elevated levels of stress hor-
mones (2–6). Physiological effects have been observed 
at high sound levels in occupational environments 
as well as for levels of transportation noise typically 
found in residential settings (7–9). It has therefore been 
hypothesized that exposure to transportation and occu-
pational noise may cause permanent vascular effects 
(10). Epidemiological studies have shown contradicting 

results, but – taken together – the evidence suggests an 
increased risk of hypertension associated with exposure 
to road-traffi c, aircraft, or occupational noise (11–20). In 
a review of residential-traffi c noise exposure and hyper-
tension, the meta-analysis showed an odds ratio (OR) of 
1.034 [95% confi dence interval (95% CI) 1.011–1.056] 
per 5 dBA increase of the 16-hour average road-traffi c 
noise level (LAeq,16h) range 45–75 dBA (20). A review 
of occupational noise exposure and hypertension indi-
cated a statistically signifi cant increase in systolic blood 
pressure of 14.3 mmHg (11.8–16.9) among highly 
exposed workers compared to workers with a low level 
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of exposure (19). Myocardial infarction (MI) in relation 
to traffi c or occupational noise exposure has been less 
well studied, but results of epidemiological studies show 
positive associations (10, 21–26). 

Job strain is another stressor with cardiovascular 
effects. It may be defined as a combination of high 
demands and low decision latitude at work (27, 28). 
Job strain can also activate the sympathetic and endo-
crine systems and induce elevated blood pressure and 
immune system changes (29–32). Furthermore, it seems 
to increase sleep disturbance and reduce regenerative 
protective mechanisms (31, 33). Epidemiological stud-
ies have shown contradicting results, however, a recent 
review indicates an increased risk of cardiovascular 
disease associated with job strain (34). Thus, job strain 
could have a pathway similar to noise exposure in relation 
to cardiovascular disease, but interactions between these 
factors have not been investigated. The aim of the present 
study was to assess the risk for MI in relation to environ-
mental and occupational noise exposure as well as job 
strain, including interactions between the three factors. 

Method

Study subjects

The study is based on the Stockholm Heart Epidemiol-
ogy Program (SHEEP) conducted in Stockholm County. 
This has been described in detail elsewhere (35). Briefl y, 
the study base consisted of all men and women living in 
Stockholm County between 1992–1994, aged 45–70 years, 
and with no history of MI. The cases were selected at all 
emergency hospitals in Stockholm County from coronary 
records, hospital discharge registers, and the National 
Cause of Death Register of Statistics Sweden. The diag-
nostic criteria for case inclusion were those applied by the 
Swedish Association of Cardiologists and included certain 
symptoms, specifi ed changes in blood and/or electrocar-
diogram (ECG) or myocardial necrosis detected at autopsy 
that could be related to the relevant time of disease onset 
(36). We included only subjects with fi rst-time MI events 
by checking the hospital discharge registry from 1975 and 
onwards. Controls were randomly selected from the study 
base within two days of the case event matched on age, 
gender, and hospital catchment area. Each potential control 
was also checked for previous MI events in the hospital 
discharge register. As much as fi ve controls per case were 
originally sampled in order to quickly replace one control 
with another in case of non-response. In total, 5452 study 
subjects were included: 2246 cases and 3206 controls. In 
this group, the questionnaire response rate among cases 
was 72% for women and 81% for men. The corresponding 
rates for controls were 70% and 75%. 

Our sample comprised the 3848 subjects who 
answered all crucial questions regarding job strain as 
well as cardiovascular risk factors and were included in 
the occupational noise assessment. Individuals with an 
information gap in their address history of >5 years since 
1970 or who had lived outside Stockholm County for >5 
years were excluded (N=401). This generated 3447 study 
subjects (1414 cases and 2033 controls). In order to mini-
mize imprecision in the traffi c-noise exposure assessment, 
all participants living within 200 meters of a railway track 
were excluded (N=397), leaving 3050 participants (1252 
cases and 1798 controls) in the study. 

Questionnaire information 

The SHEEP questionnaire, distributed in 1992–1994, 
focused on a large set of potential risk factors for MI, 
including the physical and psychosocial work environ-
ment, and social and lifestyle factors, such as smoking 
and physical activity. For fatal cases, the questionnaire 
was answered by next-of-kin (N=338). A supplementary 
telephone interview was conducted to reduce non-
response and missing data. A special hea  lth examination 
was carried out on hospitalized cases and their controls 
in order to obtain data on various biological parameters 
related to cardiovascular disease. The biological vari-
ables for analysis were primarily based on data from 
the health examination, but some (eg, body mass index) 
were supplemented with questionnaire data for subjects 
not participating in the clinical testing. 

Job strain was measured by the Swedish version 
(DCQ) of Karasek’s Job Content Questionnaire (27), 
presented in more detail in a publication by Karasek & 
Theorell (33). DCQ has fi ve questions about psychologi-
cal demands and six questions about decision latitude. 
Each question has four response categories ranging 
from “never” to “almost always”, and the demand and 
decision latitude scores respectively are based on simple 
additions of these points. The score for demand is then 
divided by the score for decision latitude, and job strain 
is dichotomized as >/< 75th percentile of the resulting 
distribution of the ratio. This model (upper ratio quar-
tile) has been previously used in the SHEEP study and 
is described in detail elsewhere (37, 38). For separate 
analysis of decision latitude and psychological demand, 
the sum score were dichotomized at the 25th percentile 
for decision latitude and 75th percentile for psychologi-
cal demands. 

Physical inactivity was determined from questions on 
conditions at work and home, as well as on leisure-time 
activities. Subjects who reported inactive leisure time, 
including only occasional walks, during the last 5–10 
years were categorized as being physically inactive.

Smoking habits were classifi ed into 5 categories: 
never-smokers, ex-smokers, and current smokers (smok-
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ing 1–10, 11–20, or >20 g of tobacco daily as an aver-
age for the period during which the subject had been 
smoking). Subjects who had never smoked regularly 
for >1 year were classifi ed as never-smokers. Subjects 
who had stopped smoking for >2 years before inclusion 
were classifi ed as ex-smokers. Subjects who smoked at 
the time of inclusion in the study or who had stopped 
smoking for <2 years were classifi ed as smokers.

Socioeconomic status was determined from ques-
tions regarding professional background according to 
a Swedish socioeconomic index classifi cation of occu-
pations (39). A three-level variable was constructed, 
including blue-collar workers, and low- and high-level 
white-collar workers. The most recent working period 
before inclusion in the study was considered for the 
classifi cation (35).

Noise and air pollution exposure assessment

The road-traffi c sound level was assessed for all addresses 
of each study subject from 1970 until the subject entered 
the study in 1992–1994. For incomplete addresses, addi-
tional information was gathered from national registers or 
from parish records. For each address, the 24-hour aver-
age sound level (LAeq,24h) from road-traffi c was calculated 
according to a simplifi ed version of the Nordic prediction 
method (40). The input parameters were distance and 
angles to roads and the number and speed of vehicles on 
each road. The angles took into account shielding build-
ings 2 m above ground. We obtained traffi c information 
from the municipalities, and maps and area photos were 
used to measure distance and angles from the subject’s 
most exposed facade to the three nearest roads. Contri-
butions of distant large roads (>20 000 vehicles) were 
assessed separately, using the same method but ignoring 
effects of shielding buildings. The fi nal exposure estimate 
combined the levels from distant and nearby roads. The 
noise assessment is described in detail elsewhere (41). In 
our analyses, the variable was dichotomized at the 75th 
percentile (51.8 dBA).

We used a job exposure matrix (JEM) to assess 
occupational noise exposure. The matrix is described 
in detail elsewhere (42). Briefl y, the JEM was derived 
from measurements performed at occupational medicine 
clinics and occupational health services units in Sweden 
during the period 1970–2004. The JEM included 320 
occupations and was based on up to 35 different mea-
surements per occupation. In case of missing data, an 
expert judgment was performed in coherence with the 
relevant literature. Estimated exposure for each occu-
pation of the study subjects was categorically coded as 
<75, 75–84, or ≥85 dB (LAeq,8h) based on the consensus 
of three occupational hygienists. We used the JEM 
together with questionnaire information on type and 
duration of occupation to calculate the level and duration 

of each subject’s occupational noise exposure. Subjects 
were classifi ed as being noise exposed if they had an 
occupational exposure >75 dBA for >1 year. 

Assessment of air pollution exposure was based on a 
methodology used in several epidemiological studies in 
Stockholm (43–45). Briefl y, levels of different air pollut-
ants were estimated from databases including historical 
information on emissions from road traffi c and residen-
tial heating in Stockholm County back to 1960. Combin-
ing the emission databases with dispersion models made 
it possible to estimate the geographical distribution of 
air pollution levels (annual averages) throughout the 
county with a resolution down to 25 × 25 meters in 
urban areas. For this study, the traffi c-generated NO2 
during 1970 to 1992–1994 was used as an indicator of 
the individual long-term exposure to traffi c-related air 
pollution at the home address. All exposure assessments 
were performed blinded to case–control status. 

Statistical analysis

OR and 95% CI were calculated using unconditional 
logistic regression analyses. Interaction effects were 
calculated on the additive scale (46). Trend tests were 
performed assuming a linear increase across categorical 
variables. Regression coeffi cients were adjusted for the 
matching variables age (fi ve categories), sex and catch-
ment area (ten categories) and for a number of covari-
ates. Each of a set of potential cofounders was evaluated 
against a preliminary multivariate logistic regression 
model, predicting MI from road-traffi c noise exposure 
and matching variables. A covariate was selected if 
the inclusion of this variable in the preliminary model 
changed the OR for noise exposure by >10%. In addi-
tion, a web of causation was constructed to identify 
possible additional confounders and intermediate fac-
tors in the causal chain. The covariates included in the 
fully adjusted regression model were physical activity 
(dichotomous), socioeconomic status (three categories) 
and smoking (fi ve categories). We also adjusted for 
air pollution (continuous), although this changed the 
regression coeffi cient for road-traffi c noise exposure by 
only 7%. On the other hand, diabetes was not included 
as a covariate in the fi nal model, despite the fact that it 
changed the estimate by 10%, because it may constitute 
a step in the causal chain between noise exposure and 
MI. All statistical analyses were performed with STATA 
11.0 (Stata Corp, College Station, TX, USA).

Ethics

Karolinska Institutet’s ethical committee approved the 
original study and the supplementary questionnaire, 
in accordance with the Declaration of Helsinki of the 
World Medical Association. 
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Results

Table 1 shows the distribution of various MI risk factors 
among controls in relation to road-traffi c noise exposure. 
The road-traffi c noise-exposed controls included slightly 
more women and were slightly older than the low expo-
sure group. In addition, they were less physically active 
and had a higher prevalence of diabetes. As expected, 
air pollution was strongly related to road-traffi c noise 
exposure. There were no marked differences in the dis-
tribution of sex, age, or hospital catchment area between 
those responding and not responding to the question-
naire or between those excluded and included in the 
analyses (data not shown). 

As is evident in table 2, an association with MI was 
seen for job strain (OR 1.39, 95% CI 1.17–1.65). For 
road-traffi c noise, an increased OR of 1.23 (95% CI 1.01–
1.51) was observed among participants exposed above 
the 75th percentile. A non-signifi cant increase was found 
for occupational noise exposure >75 dBA (OR 1.17, 95% 
CI 0.98–1.41), while an analysis restricted to blue-collar 

workers showed an OR of 1.37 (95% CI 1.00–1.88). 
Participants exposed to road-traffi c and occupational 

noise displayed an increased risk of MI (OR 1.44, 95% 
CI 1.07–1.95) (fi gure 1). Among subjects exposed to 
road-traffi c or occupational noise in combination with 
job strain, a tendency towards an interaction exceeding 
additivity was suggested (OR 1.83, 95% CI 1.33–2.52, 
and OR 1.72, 95% CI 1.32–2.24, respectively), but this 
was not statistically signifi cant. 

Figure 2 shows associations for risk of MI when 
exposed to one, two, or three of the noise and job 
strain factors under study. The OR were 1.16 (95% CI 
0.97–1.40), 1.57 (95% CI 1.24–1.98) and 2.27 (95% CI 
1.41–3.64) among participants exposed to one, two, or 
three factors, respectively, compared to those unexposed 
to all three factors, corresponding to a statistically sig-
nifi cant trend (OR 1.27, 95% CI 1.14–1.41). A total of 
20% of the controls were exposed to two or three factors 
in combination. 

Sepa  rate interaction analysis regarding psychologi-
cal demands in combination with residential road-traffi c 
noise showed an OR of 1.11 (95% CI 0.88–1.42) for only 

Table 1. Selected characteristics of population controls in Stockholm 1992–1994 by job strain, road-traffi  c and occupational noise exposure. 

Variables Road traffi  c noise Occupational noise Job strain

<75th percentile ≥75th percentile <75 dB ≥75 dB No Yes

N % N % N % N % N % N %

Female gender 454 32 a 150 39 a 440 38 a 165 25 a 411 30 a 194 44 a 

Age (years)

45–50 154 11 29 7 100 9 a 83 13 a 134 10 49 11

51–55 199 14 47 12 143 12 103 16 197 15 49 11

56–60 293 21 a 61 16 a 216 19 138 21 271 20 83 19

61–65 318 23 80 21 237 21 161 25 277 20 a 121 27 a 

66–70 446 32 a 171 44 a 450 39 a 169 26 a 478 35 141 32

Smoking

Never 592 42 148 38 509 44 a 231 35 a 532 39 a 208 47 a 

Former 432 31 118 30 363 32 188 29 430 32 121 27

Current (1–10 g/day) 78 6 25 6 67 6 36 6 80 6 23 5

Current (11–20 g/day) 231 16 74 19 153 13 a 153 23 a 236 17 70 16

Current (>20 g/day) 77 5 23 6 54 5 a 46 7 a 79 6 21 5

Physical inactivity 498 35 a 161 41 a 408 36 253 39 500 37 161 36

Diabetes 84 6 a 38 10 a 70 6 52 8 88 6 34 8

Socioeconomic position

Blue-collar 435 31 125 32 168 15 a 392 60 a 390 29 a 170 38 a 

Low-level white-collar 281 20 85 22 278 24 a 88 13 254 19 112 25 a 

High-level white-collar 694 49 178 46 698 61 a 174 27 a 711 52 a 161 36 a 

Body mass index ≥27 kg/m2 421 30 121 31 315 27 a 228 35 a 397 29 146 33

Job strain b 345 24 98 25 267 23 176 27

Occupational noise exposure c 494 37 126 35 478 35 176 40

Residential road-traffi  c noise d 255 22 134 20 291 21 98 22

High traffi  c-related air pollution e 183 14 a 217 61 a 291 26 142 22 321 24 112 26

Hypertension 364 27 98 26 312 27 170 26 360 27 122 28

Railway noise exposure 147 9 a 88 18 a 142 11 93 12 173 11 62 12

a <0.05 P-value in chi2 test of statistical diff erence between groups. 
b Job strain was defi ned as >75th percentile in an overall sum score where psychological demand was divided by decision latitude.
c ≥75 dB for ≥1 year during the exposure period from 1970 to 1992–1994.
d Time-weighted average of road-traffi  c sound levels (L Aeq, 24h) for each of the subject’s addresses during the exposure period (from 1970 to 

1992–1994).  
e Estimated time-weighted exposure to air pollution from traffi  c at residential addresses during the exposure period using NO2 as indicator. The 75th per-

centile was used for classifi cation into high/low exposure.
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traffi c noise, OR 1.18 (95% CI 0.99–1.42) for only psy-
chological demands, and OR 1.77 (95% CI 1.31–2.40) 
for both. For psychological demands in combination with 
occupational noise exposure, an OR of 1.11 (95% CI CI 
0.90–1.38) for only occupational noise, OR 1.18 (95% CI 
0.96–1.45) for only psychological demands and OR 1.57 
(95% CI 1.21–2.03) for both was shown. For decision 
latitude, an increased risk of MI was shown for a com-
bination of decision latitude and residential traffi c noise 
with OR 1.19 (95% CI 0.94–1.50) for only residential 
traffi c noise, OR 1.45 (95% CI 1.17–1.79) for only deci-

Table 2. Logistic regression analysis for job strain and road-traffi  c 

and occupational noise exposure in association with myocardial 

infarction. Data from a case–control study conducted in Stockholm 

County 1992–1994 (N=3050). [OR=odds ratio; 95% CI=95% con-

fi dence interval; LAeq24h=24-hour average sound level.]

Exposure Exposed Crude Adjusted a

N OR 95% CI OR 95% CI 

Road-traffi  c noise 
dB(LAeq24h)

>75th percentile 
(51.8 dBA)

708 1.17 1.01–1.36 1.23 1.01–1.51

Job strain

>75th percentile b 836 1.46 1.26–1.69 1.39 1.17–1.65

Occupational noise

>75 dBA 1219 1.35 1.18–1.55 1.17 0.98–1.41

a Analysis were adjusted for age, sex, hospital catchment area, physical 
inactivity, smoking, air pollution and socioeconomic position. 

b Job strain was defi ned as >75th percentile in an overall sum score 
where psychological demand was divided by decision latitude.

Figure 1. Associations between road-traffi  c noise exposure (>/<75th 

percentile 51.8 dB LAeq,24h), occupational noise exposure (>/< 75 dB 

LAeq,8h) and job strain (>/< the 75th percentile in a ratio, where decision 

latitude was divided by psychological demand) in relation to myocardial 

infarction in a case–control study from Stockholm. All models were 

adjusted for matching variables (age, sex and catchment area) as well 

as for physical inactivity, smoking, socioeconomic position and air 

pollution. [OR=odds ratio; 95% CI=95% confi dence interval]

Figure 2. Associations for myocardial infarction among individuals with 

or without road-traffi  c noise (>/<75th percentile 51.8 dB LAeq,24h), occupa-

tional noise (>/< 75 dB LAeq,8h) and job strain (>/< the 75th percentile in 

a ratio, where decision latitude was divided by psychological demand) 

in a case–control study from Stockholm. The fi rst category 0/3 is the 

reference group with low exposure to all 3 factors. The categories 1/3, 

2/3 and 3/3 contain study participants exposed to 1, 2 or all 3 of the 

factors investigated. All models were adjusted for matching variables 

(age, sex and catchment area) as well as for physical inactivity, smok-

ing, socioeconomic position, and air pollution. [OR=odds ratio; 95% 

CI= 95% confi dence interval]

sion latitude, and OR 2.04 (95% CI 1.46–2.85) for both. 
An increased risk of MI was also shown for decision 
latitude in combination with occupational noise, with OR 
1.09 (95% CI 0.89–1.34) for only occupational noise, 
OR 1.40 (95% CI 1.07–1.84) for only decision latitude, 
and OR 1.76 (95% CI 1.35–2.30) for both. 

Discussion

Principal fi ndings

Our fi ndings support the hypothesis that the risk of MI 
increases with multiple stress-related exposures. This 
increase was observed among those exposed to either 
environmental or occupational noise sources or a combi-
nation of noise and job strain. Each of the exposures under 
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study has been related to MI in earlier investigations. For 
job strain, some studies have indicated an increase in risk 
of MI similar to our fi ndings (34). For road-traffi c and 
occupational noise, earlier studies have shown a small 
increase in risk of MI and hypertension (10, 11, 24, 41). 
These studies mainly focused on higher noise levels, and 
it is of interest that our associations were found for sub-
stantially lower noise levels, which affect a greater part 
of the population. In our study, 20% of the controls had 
exposures to two or three of the assessed factors.  

Strengths and limitations of study

A major strength of the present study was the extensive 
assessment of road-traffi c and occupational noise expo-
sure and job strain. The detailed road-traffi c noise expo-
sure assessment for all addresses since 1970 made it pos-
sible to estimate the exposure for a longer period (22–24 
years) than in previous longitudinal studies (10). The 
extensive JEM covering 320 occupations and based on 
up to 35 different measurements per occupation enabled 
a thorough exposure classifi cation of occupational noise 
exposure (42). A well-defi ned and validated method of 
assessing job strain used in many earlier studies was 
employed (37). A further strength was that our study 
covered estimated risks at lower levels of road-traffi c and 
occupational noise exposure than other investigations, 
making the results applicable for a greater part of the 
population. In comparison, the Berlin studies regarding 
road traffi c evaluated risk in comparison to a ≤60 dB 
(LAeq,6-22h) exposure category and a study from British 
Columbia regarding occupational noise exposure used 
>/< 85 dBA (22, 24). Our results suggest that an adverse 
effect of noise on MI may exist already at lower levels. 
Another strength of our study is the extensive information 
available on a large number of cardiovascular risk factors, 
such as smoking, socioeconomic position, physical inac-
tivity, and air pollution. This enabled careful control of 
confounding and assessment of interactions. Diabetes was 
not included as a covariate in the regression analysis as 
it may constitute an intermediate step in the causal chain 
between noise exposure and cardiovascular disease. Some 
studies suggest that stress is related to development of the 
metabolic syndrome (47, 48) and might thus also affect 
diabetes occurrence, which is a risk factor for cardiovas-
cular disease. However, the estimates in our study with 
regard to noise and MI did not change markedly when 
including diabetes in the model. 

Misclassifi cation of disease would probably be negli-
gible in the present study given the strict diagnostic crite-
ria, the high reliability of case identifi cation, and the low 
probability of selection or recall bias (36, 49, 50). How-
ever, misclassifi cation of exposure should be considered. 
Some of our data on road-traffi c volume did not cover the 
relevant time period and exposure variation related to the 

fl oor of apartment buildings was not considered. We used 
a simplifi ed assessment model, which had high validity, 
but should be less precise than more detailed methods 
(40). The resulting biases would probably be unrelated 
to disease outcome and lead to attenuation of the effect 
estimates. Moreover, only residential exposure was con-
sidered although road-traffi c noise is common in other 
places as well, such as workplaces and recreational areas. 
This imprecision in assessment of total road-traffi c noise 
exposure may further have attenuated the estimated effect. 
Misclassifi cation of exposure should also be considered 
regarding occupational noise exposure. The JEM is a 
simplifi ed assessment and, in order to obtain a more pre-
cise estimation, an individual assessment of occupational 
noise exposure has to be performed. However, a similar 
approach has been used in earlier studies and found to 
be of high validity. (51). Any possible imprecision in 
exposure assessment would probably primarily lead to 
attenuation of the effect estimates. Information on job 
strain is based on questionnaire data after disease onset 
and can therefore be affected by recall bias. Such bias 
may be related to disease outcome and could therefore 
have the potential to affect the estimates away from null. 
However, the two variables in the job strain measure-
ment (ie, psychological demands and decision latitude) 
have been validated by the use of both inferred and self-
reported data. The sensitivity was poor but the specifi city 
was high: 84% for both cases and referents with regard to 
decision latitude and 83% and 82% for cases and referents 
for psychological demand. These results indicate that a 
recent MI does not substantially infl uence the self-ratings 
of demand and decision latitude (38). Separate analysis 
on psychological demand and decision latitude indicate 
increased risks for MI in combination with traffi c and 
occupational noise in the same way as the combined job 
strain measure. However, the increase in risk appeared 
more pronounced for decision latitude. 

The risk estimates for MI in relation to residential 
and occupational noise exposure appeared to be of simi-
lar magnitude, even though residential noise levels are 
considerably lower than those in occupational settings. 
There may be several explanations for this. First, traffi c 
noise at home can affect the individual differently than 
occupational noise since it may disturb recovery and 
sleep. In a recent Finnish study, residential traffi c noise 
>55 dBA at the façade affected sleep and increased the 
risk of insomnia symptoms (52). In a subgroup with 
higher scores for anxiety, an increase in risk of insom-
nia symptoms was shown already at >50dBA. These 
noise levels are equal to the residential noise exposure 
assessed in this study. Sleep disturbance is associated 
with an increased risk of cardiovascular disease (53). 
In a recent fi eld study, traffi c noise was associated with 
an instant increase in blood pressure during sleep, even 
at such low levels as >35 dBA inside the bedroom (6).
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Second, misclassifi cation of exposure is probably 
more pronounced in the occupational assessment since we 
related the occupational history to a JEM that classifi es 
occupations in only three different categories <75, 75–85, 
>85dBA based on job titles and work tasks. However, no 
actual measurements or calculations were made at the 
workplaces of the participants; instead the exposure was 
based on an average level of measured noise in similar 
workplaces. In addition, subjects were dichotomously 
classifi ed as being noise-exposed if they had had an 
occupational exposure >75 dBA for >1 year in the last 
20 years, and the crude classifi cation may lead to diluted 
associations. In comparison, the residential traffi c data 
was based on calculations for each address of the partici-
pants during the last 20 years, where measurements of 
distance and angles from the building to the nearest roads 
combined with data on traffi c fl ow, speed contributed to a 
fairly accurate measure of exposure in 1 dBA resolution. 
In addition, a time-weighted average was used to combine 
noise exposure from different addresses. 

Residual confounding may also be a problem. For 
example, air pollution has been linked to cardiovascular 
outcomes (54); since air pollution and noise from traffi c 
are correlated, a great effort was made in this study to 
accurately assess residential exposure to air pollution 
from traffi c. Adjusting for air pollution in the analysis 
did not change the risk estimates markedly for the asso-
ciation between traffi c-noise exposure and MI, mainly 
because the association between traffi c-related air pol-
lution and MI was weak (44).

Risk estimates related to road-traffi c noise were more 
clearly elevated after exclusion of subjects exposed to 
railway noise. This suggests that the association in the 
full sample may have been diluted due to misclassifi -
cation of total noise exposure from traffi c. Although 
studies on railway noise and cardiovascular endpoints 
are lacking, adverse effects of railway noise, such as 
annoyance and sleep disturbance, are well-documented 
(55, 56). Unfortunately, we lacked suffi cient precision in 
the estimation of exposure to noise from railways, mak-
ing it diffi cult to assess exposure–response relationships. 

Implications and future research

Our results indicate that joint effects of different noise 
sources and/or job strain markedly increases the risk of 
MI. As many as 1/5 of the participants were exposed to ≥2 
of these factors, thus the excess risk affects a noticeable 
part of the population. The results may thus be important 
for prioritization of preventive measures regarding MI. 
Further studies are needed to shed light on interaction 
effects, preferably using prospective designs. It would 
also be of interest to analyze dose–response relationships. 
However, both a prospective approach and dose–response 
analyses would require very large population samples.
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