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SUMMARY
Background: Traffic noise can induce stress reactions that have effects on the 
cardiovascular system. The exposure–risk relationship between aircraft, road, 
and rail traffic noise and myocardial infarction is currently unknown. 

Method: 19 632 patients from the Rhine-Main region of Germany who were 
diagnosed with myocardial infarction in the years 2006–2010 were compared 
with 834 734 control subjects. The assignment of persons to groups was per-
formed on the basis of billing and prescription data from three statutory health 
insurance carriers. The exposure of all insurees to aircraft, road, and rail traffic 
noise in 2005 was determined from their residence addresses. As estimators of 
risk, odds ratios (OR) were calculated by logistic regression analysis, with 
 adjustment for age, sex, regional social status variables, and individual social 
status (if available). The evaluation was performed on the basis of the  continuous 
24-hour noise level and the categorized noise level (in 5 decibel classes). 

Results: The linear model revealed a statistically significant risk increase due 
to road noise (2.8% per 10 dB rise, 95% confidence interval [1.2; 4.5]) and 
 railroad noise (2.3% per 10 dB rise [0.5; 4.2]), but not airplane noise. Airplane 
noise levels of 60 dB and above were associated with a higher risk of 
 myocardial infarction (OR 1.42 [0.62; 3.25]). This higher risk is statistically 
 significant if the analysis is restricted to patients who had died of myocardial 
 infarction by 2014/2015 (OR 2.70 [1.08; 6.74]. In this subgroup, the risk 
 estimators for all three types of traffic noise were of comparable magnitude 
(3.2% to 3.9% per 10 dB rise in noise level). 

Conclusion: In this study, a substantial proportion  of the population was ex-
posed to traffic noise levels that were associated with an albeit small increase 
in the risk of myocardial infarction. These findings underscore the importance 
of effective traffic noise prevention.
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T raffic noise can trigger complex psychological 
and physiological stress reactions. In terms of the 

effects of traffic noise on the cardiovascular system, ac-
tivation of the sympathetic nervous system is regarded 
as the chief mechanism, along with activation of the 
hypothalamus–pituitary–adrenal axis (1). The World 
Health Organization (WHO) estimates that in the west-
ern part of Europe at least 1 million disability-adjusted 
life years (DALYs) are lost due to diseases induced by 
traffic noise (2). “Disability-adjusted life years” means 
the total number of life years lost due to premature 
death and life years spent with a disease-related disabil-
ity; severe disability is weighted more heavily in the 
calculation than mild disability. 

Several studies have investigated the relationship 
 between traffic noise and cardiovascular disease. In a 
recently published systematic review with meta-
 analysis, Vienneau and colleagues (3) analyzed three 
studies of the relationship between aircraft noise and 
ischemic heart disease including myocardial infarction 
(4–6). In their results, they calculated a pooled relative 
risk of 1.06 (95% confidence interval [95% CI]: 
[1.04–1.08]) per 10 dB LDEN aircraft or road traffic 
noise. “LDEN” is the term used to refer to the weighted 
day–evening–night sound level, where 5 dB is added to 
the evening noise and 10 dB to the night-time noise. In 
the systematic review by Vienneau et al. (3), different 
average sound level indicators were converted to the 
LDEN: for example, 1.5 dB were added to the 24-hour 
continuous noise level in order to estimate the LDEN.

By comparison, very little is known about the effects 
of rail traffic noise. In a Swedish study, Eriksson and 
colleagues found a statistically insignificant correlation 
between rail traffic noise and a self-reported diagnosis 
of coronary heart disease (7). 

At present the exact nature of the exposure–risk rela-
tionship between aircraft, road, and rail traffic noise 
and defined cardiovascular diseases such as myocardial 
infarction (MI) remains obscure. The case–control 
study presented here should help filling this gap. The 
full scientific report is available on the internet (8).
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Method 
Full details of the methods used are given in eBox 1. 

Study area and study population
The study area consisted of the administrative district 
of Darmstadt, the cities of Mainz and Worms, and the 
rural districts of Mainz-Bingen and Alzey-Worms 
 (Figure). The study population consisted of all persons 
over the age of 40 who were insured with one of three 
large state health insurers in the study area 
(n = 1 026 670).

Noise exposure in the study area
The engineering company Möhler und Partner Inge-
nieure AG provided address-specific external noise 
level data for aircraft, road, and rail traffic noise in the 
study area for 2005 (9). Traffic noise levels were calcu-
lated in accordance with current German regulations 
(10–12). Further details on traffic noise calculation are 
given in eBox 2. To aid interpretation of the traffic noise 
levels, Table 1 gives some examples of sound sources 
together with their respective noise levels in decibels 
(dB).

Linking the diagnostic data to the noise data
Participating insurers delivered pseudonymized billing 
information to the evaluation center in Dresden, and 
this information was used for the selection of cases 
with MI and control cases without MI. Linking of the 
noise data to the address data of the insured persons 
was carried out by an external trust center. Noise data 
were successfully linked to address data for 95.5% of 
the insured persons (n = 907 736).

Myocardial infarction cases (n = 19 632)
In order best assess incident cases and facilitate the 
 exclusion of prevalent cases in this study based on sec-
ondary data, patients were included as cases only if 
they had an acute MI (ICD-10: I21; Table 2) coded 
 during the reporting period of 2006 to 2010—that is, 
after the measured exposure (13).

Controls (n = 834 734)
The study control subjects consisted of all insured per-
sons without a diagnosis of MI (including a confirmed 
outpatient diagnosis) during the relevant reporting 
 period of 2005 to 2010, who were at least 40 years old 
in 2010 or in the year in which their insurance ceased, 
and who were insured for at least four consecutive 
3-month periods (quarterly insurance periods) during 
the entire reporting period. 

Statistical analysis
Logistic regression analysis was used to calculate odds 
ratios (OR) with 95% confidence intervals as effect 
 estimates of the relative disease risks. In the analysis of 
categorized noise levels (5 dB categories), people ex-
posed to a 24-hour continuous noise level <40 dB were 
assigned to the reference category; for aircraft noise, 
people exposed to a 24-hour continuous noise level <40 

dB and a night-time maximum ≥ 50 dB were removed 
from the reference category and analyzed in a category 
of their own. In another analysis, only people who had 
not been exposed to any traffic noise ≥ 40 dB were 
placed in the reference category. In addition, the con-
tinuous noise levels were included as a linear term in 
the logistic regression analyses.

A subgroup analysis included only patients with MI 
(diagnosed 2006–2010) who had died by 2014/2015 
(irrespective of cause of death). The different modes of 
traffic noise were always assessed in separate models. 
In an additional analysis, the three different modes of 
traffic noise were included together in one logistic 
 regression model.

Confounding factors
Age, sex, and social status were included as confound-
ing variables in the statistical analysis. For all cases and 
controls, the (city or rural district-related) SGB-II rate 
(percentage of population under the age of 65 years 
 receiving social welfare payments; SGB, German 
 Social Code, Sozialgesetzbuch) was included in the 
 logistic regression model as an aggregate social status 
variable. Where the five-character occupation code was 
available, additional adjustment was made for the indi-
vidual’s education (available for 29.4% of the study 
population) and occupational classification according 
to Blossfeld (14) (available for 32.4%). A subanalysis 
included only persons whose individual social status 
(individual educational level and/or occupation) was 
known.

Results
eTable 1 lists the characteristics of cases and controls. 
The population-related higher incidence of MI in men 
is reflected in the fact that 56.5% of the MI patients are 
male, compared with only 43.4% of the control sub-
jects. Patients with a diagnosis of MI (median age 74 
years, interquartile range 65 to 82 years) are, as would 
be expected, on average older than control subjects 
(median age 60 years, interquartile range 48 to 72 
years). Of the MI patients whose occupation is known, 
23% had graduated from university or finished high 
school, versus 17% of control subjects. Regional SGB-
II rates are similar for MI patients and control subjects.

Relationship between aircraft noise and MI
Up to an aircraft noise level of 55 dB, the effect sizes 
are around 1 (Table 3). The odds ratio (OR) rises to 
1.42 (95% CI: [0.62; 3.25]) in the highest noise level 
category of >60 dB, but does not achieve statistical sig-
nificance because of small case numbers. For people 
exposed to a night-time maximum noise level of over 
50 dB with a 24-hour continuous noise level of <40 dB, 
the OR is 1.05 (95% CI: [0.98; 1.11]). If the 24-hour 
continuous noise level is included in the logistic regres-
sion model as a continuous variable, no statistically 
 significant risk estimates are found.

In all night-time periods the effect sizes are around 
1 in the noise level categories up to <50 dB. In higher 

408 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2016; 113: 407–14



M E D I C I N E

noise level categories, the increases in risk are not 
 significant. If individual hours are analyzed, a statisti-
cally significantly increased risk of MI is shown only 
for the time between 5.00 and 6.00 a.m. with an aircraft 
noise level between 55 and <60 dB (OR: 1.25; 95% CI: 
[1.05; 1.48]); the corresponding OR for the time be-
tween 6.00 and 7.00 a.m. is of borderline statistical sig-
nificance (OR: 1.12; 95% CI: [1.00; 1.25]). Analysis of 
the night-time maximum noise level shows a non-
 significantly increased risk of MI for noise between 70 
and 80 dB (OR: 1.07; 95% CI: [0.96; 1.19]).

Relationship between road traffic noise and MI
Increased risk estimates can be seen starting from a 
road traffic noise level of 55 dB: the OR reaches statis-

tical significance at a noise level between 60 dB and 
<65 dB (OR: 1.09; 95% CI: [1.02; 1.16]); the highest 
OR of 1.13 (95% CI: [1.00; 1.27]) is found with a 
24-hour continuous noise level ≥ 70 dB. When the 
24-hour continuous noise level is included as a 
 continuous variable in the logistic regression model, a 
statistically significant risk increase of 2.8% per 10 dB 
road traffic noise is seen. Looking at the night-time 
hours between 10 p.m. and 6 a.m., the risk of MI 
 increases when road traffic noise increases above 50 dB 
(statistically significant in some cases).
 
Relationship between rail traffic and MI
For rail traffic, in the 50 to <55 dB category there is a 
statistically borderline significantly raised OR of 1.05 

FIGURE

Aircraft noise in the hours between 10 p.m. and 6 a.m. in 2005
Study area in the case–control study based on secondary data (gray outline), showing examples of continuous noise level contours for night-
time aircraft noise exposure during 2005 (adapted from [8]); areas in which the night-time (10 p.m. to 6 a.m.) mean level LpAeq of aircraft 
 noise was below 40 dB are shown in white. 
pAeq, energy-equivalent continuous noise level; Kreis, district

Scale 1 : 150 000

Night-time  
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(95% CI: [1.00; 1.10]); in the 55 to <60 dB category 
the OR is 1.04 (95% CI: [0.97; 1.12]); while in the 
highest sound level category, 70 dB and upwards, the 
OR is 1.16 (95% CI: [0.93; 1.46]). When the 24-hour 
con tinuous noise level is included as a continuous 
variable in the logistic regression model, a statistically 
significant risk increase of 2.3% is seen per 10 dB in-
crease in rail traffic noise. Considering the night-time 
hours from 10 p.m. to 6 a.m, the ORs begin to rise 
 notably at noise levels of ≥ 60 dB (OR: 1.10; 95% CI: 
[1.01; 1.20]).

Esimated risks of fatal MI related to traffic noise
In the interval between their first diagnosis (2006 to 
2010) and the selection of insurees to be invited by the 
insurers to take part in a supplementary survey 
(2014/2015), about 53% of the MI patients died. If only 
these cases are included in the analysis (eTable 2), a 
statistically significant OR of 2.70 (95% CI: [1.08; 
6.74]) for aircraft noise with a 24-hour continuous 
noise level of ≥ 60 dB is observed. In all analyses, 
higher risk estimates are given for all three modes of 
traffic noise when the case group is restricted to MI pa-
tients who died than when all MI patients are included: 
thus, in the linear model a risk increase of 3.2% (95% 
CI: [–5.6; 7.1]) is seen per 10 dB increase in the level of 
aircraft noise, an increase of 3.9% (95% CI: [1.6; 6.3]) 
per 10 dB increase in the level of road traffic noise, and 
an increase of 3.8% (95% CI: 1.2; 6.4]) per 10 dB in-
crease in the level of rail traffic noise.

Restricting the reference category to people without noise ex-
posure ≥ 40 dB
If the reference category consists only of people ex-
posed to traffic noise no higher than 40 dB (eTable 3), 
this leads to some increase in estimated risk in the indi-
vidual noise categories. In the analyses where traffic 
noise is included as a continuous variable with the 
 reference category restricted to people without noise 
exposure ≥ 40 dB, a slight rise in OR per 10 dB rail 
traffic noise is seen (from 2.3% without this restriction 
on the reference category to 3.2%). The increase is 
smaller in relation to road traffic noise (from 2.8% to 
3.3%), while for aircraft noise the continuous model 
shows no change in OR.

Restricting the analysis to people of known individual social 
status
If only those people whose individual social status is 
known are included in the analysis, this subanalysis 
tends to show a rise in estimated risk for all three 
modes of traffic noise (eTable 4).

Age-stratified analysis
If persons under 65 years of age and those aged 65 and 
over are regarded separately, no uniform effect is 
shown: in the younger people, the estimated risks for 
road traffic noise are slightly higher, while for the older 
people the estimated risks for aircraft noise are slightly 
higher (but without statistical significance) (eTable 5). 

TABLE 2

Definition of myocardial infarction

*The presence of either of the two criteria sufficed to define a myocardial infarction.

ICD-10 Classification

I21.-:  Acute myocardial 
infarction

Myocardial infarction*

1 × inpatient discharge diagnosis or secondary diagno-
sis I21.-

1× outpatient confirmed diagnosis I21.- (“g”) and death 
during the same quarter as the diagnosis or the 
 following quarter

TABLE 1

Examples of sources of noise and their sound levels in 
decibels (dB)*

*Sound pressure is given on a logarithmic scale in decibels (dB); the threshold 
of hearing is at 0 dB. A 10 dB change in sound pressure level is roughly 
 equivalent to doubling or halving of the subjectively perceived sound volume. 
The amount of energy transported with the sound varies with the sound pres-
sure level. The energy-equivalent continuous sound level (LpAeq) underlying the 
study presented here has been chosen such that—regarded as a constant 
sound pressure level—it would transport the same energy content. The 
 continuous sound level serves to give the burden of noise for a defined period 
of time—in the analysis underlying the present study, 24 hours. If a noise 
 emission lasts for only a tenth of the time, the mean continuous sound level go-
es down by 10 dB; if the noise emission lasts for only one-hundredth of the 
 time, the mean continuous sound level goes down by 20 dB. In this way, for 
example, a 24-hour continuous sound level of 50 dB can result from a 24-hour 
noise emission of 50 dB or from a noise emission of 70 dB lasting about 15 
 minutes. Adapted from http://www.bmub.bund.de/themen/luft-laerm-ver kehr/la-
ermschutz/laermschutz-im-ueberblick/was-ist-laerm/

Noise
Quiet ticking of a clock; steady light rain; whispering

Whispering close-up; quiet residential street

Conversational speech

Conversational speech 1 m away

Loud conversation; shouting; car 10 m away

Street noise with a lot of traffic

Loud factory

Car honking 7 m away

Loudness

 30 dB

 40 dB 

 50 dB 

 60 dB 

 70 dB 

 80 dB 

 90 dB 

100 dB
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Simultaneous inclusion of all three modes of traffic noise in the 
logistic regression model
For each of the three modes of traffic noise, the esti-
mated risks for MI do not change much after adjust-
ment for the other two modes of noise: the linear model 
continues to show no statistically significant change of 
risk for aircraft noise, while for road and rail traffic 
noise statistically significant risk increases of 2.8% and 
2.5% per 10 dB are found, respectively.

Discussion
The results of this case–control study based on second-
ary data, suggest a relationship between exposure to 
traffic noise and the occurrence of a myocardial infarc-
tion. The risk indicators tend to be more pronounced for 
road and rail traffic noise than for aircraft noise. If the 
case group is restricted to MI patients who died, the ex-
tent of the increase in risk per 10 dB rise in noise level 
is similar across the three modes of traffic noise. 

A limitation of the subanalysis of cases of MI with 
fatal outcome is that the cause of death could not be 
identified from the data provided by the insurers. A 
 methodological strength of this case–control study is 
that it takes account of newly occurring inpatient and 
outpatient diagnoses of MI with fatal outcome. How-
ever, because of the relatively short pre-observation 
period, it cannot be ruled out that a previous infarction 
event had occurred at some time in the past, especially 
for diagnoses in the earlier years. An estimate of the 
validity of this case–control study is provided in eBox 3.

If only persons whose individual social status is 
known are included in the analysis (36% of the study 
population), the estimated risks rise for all three modes 
of traffic noise. This result suggests that the traffic-
noise-related increases in risk cannot be explained by 
insufficient accounting for social status as a confound-
ing factor. The insurers’ data include no information 
about lifestyle- and occupation-related risk factors. 
However, for the case group of patients with heart 
 failure, bias due to unknown or residual confounding 
was largely ruled out in an additional in-depth survey 
of about 8500 insured persons (8).

The acoustic input data in this study are of high 
quality and take account of a variety of different mean 
and maximum noise level indicators. Even with 
24-hour continuous noise levels <40 dB, many people 
were found who were briefly exposed to night-time air-
craft noise events that were much louder than this. 
These night-time aircraft noise events can also be 
linked with health effects, particularly those relating to 
disturbed sleep. The examination of people exposed to 
maximum night-time noise levels of ≥ 50 dB as a 
 separate exposure group helps to assess this possible 
etiological pathway.

The findings of our case–control study based on 
 secondary data essentially agree with other published 
results. However, there are not many other studies in-
vestigating different sources of traffic noise within in 
the same study. In their systematic review of ischemic 
heart disease, Vienneau and colleagues showed a 6% 

increase in risk per 10 dB aircraft noise and a 4% in-
crease in risk per 10 dB road traffic noise (start level: 
50 dB LDEN corresponding to a 24-hour continuous 
noise level of about 48.5 dB) (3). We calculated risks of 
slightly below 4% per 10 dB traffic noise (start level: 
24-hour continuous noise level of 35 dB) for a fatal MI, 
and in some cases much lower risks for a newly diag-
nosed MI. Unlike our study, Vienneau et al. did not find 
a higher risk of fatal as compared to nonfatal ischemic 
heart disease (3). However, these authors included the 
entire group of all patients with ischemic heart disease in 
their systematic review – whereas MI as investigated in 
our study is only a subgroup of all ischemic heart dis-
ease, although one that carries relatively high  mortality.

No direct comparison is possible between our results 
and those achieved by Greiser and Greiser for the area 
around the Cologne Bonn Airport: these latter authors 
included two interaction terms in their evaluation 
model, both of which included aircraft noise (15, 16). 
In that sense the main effects of the aircraft noise can-
not be directly derived from their study. We did not 
consider any interaction terms in our models, because 
additional stratified analyses did not indicate any 
 substantial effect modification due to age.

Summary
Our case–control study allows, for the first time, direct 
comparison of MI risk estimates for aircraft and road 
and rail traffic noises on the basis of a very large data 
set from health insurers. For all three modes of traffic 
noise investigated, relationships were found with a 
 diagnosis of MI, although the association tends to be 
more pronounced for road and rail traffic noise than for 
aircraft noise. It is possible that the continuous noise 
level is less well suited to represent aircraft-noise-
 related MI risks than it is to represent health risks 
 related to, in particular, road traffic noise. 

It must also be taken into consideration that com-
paratively few persons in this study were exposed to 
aircraft noise ≥ 55 dB (1.9% of controls for aircraft 
noise compared with 26.4% for road traffic noise and 
7.1% for rail traffic noise). With aircraft noise, unlike 
road and rail traffic noise, a continuous noise level 
above 65 dB did not occur. This means that the marked 
increase in risk associated with (very) high road and 
rail traffic noise levels can of course not be seen in 
 relation to aircraft noise, and estimates of the 
 exposure–risk relationship for aircraft noise are 
 altogether more uncertain. The comparably high 
 estimated risks for all three modes of traffic noise in the 
subgroup of those who died—well above the respective 
estimated risks in the study population as a 
whole—suggest that traffic noise may affect not just 
the onset, but also the course of a MI. In our opinion, 
this is an area requiring more research.

A large proportion of the population is exposed to 
 levels of traffic noise that our case–control study indi-
cates to be associated with increased—if only slightly 
increased—risks of MI. For this reason, effective con-
trol of traffic noise is a matter of great importance.
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KEY MESSAGES

● The present analysis of the NORAH case–control study, which was based on secondary data, investigated the risks of myo-
cardial infarction related to traffic noise, using a data set of 1 026 658 over-40-year-olds insured with three health insurers in 
the Rhine–Main region of Germany.

● For the first time, it has been possible to compare directly the estimated risks for road and rail traffic and aircraft noise. For 
all three modes of traffic noise investigated, relationships with a diagnosis of myocardial infarction were found.

● The relationship between myocardial infarction and 24-hour continuous noise level tended to be stronger for road and rail 
traffic noise than for aircraft noise. The continuous noise level may be of limited use in representing the risks of myocardial 
infarction related to aircraft noise.

● The fact that estimated risks for all three modes of traffic noise in the subgroup of those who died were all similarly 
high—well above the respective estimated risks in the study population as a whole—suggests that traffic noise may affect 
not just the onset, but also the course of a myocardial infarction.

● Because of the frequency of exposure to traffic noise at the population level as well as the frequency of myocardial infarc -
tions, even small increases in risk are important.
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Erratum
In the article entitled “The cardiovascular effect of musical genres—a randomized controlled study on the ef-
fect of compositions by W. A. Mozart, J. Strauss, and ABBA” by Hans-Joachim Trappe and Gabriele Voit in 
Deutsches Ärzteblatt International, in the issue of 20 May 2016, two incorrect numbers were cited in Table 1.

1) Intervention group, 6th row from the top, RR systolic (mm Hg): instead of “128.9 + 12.9”, it should say 
“123.9 + 12.9”. Table 2 reports this from baseline (mean) value correctly, and all explanations on systolic 
blood pressure relate to Table 2.

2) Control group, right hand column, category men, RR systolic (mm Hg): instead of “120.1 + 8.8”, it should 
say “130.1 + 8.8”.

Overall, all the information given and assertions made in the article relate to Tables 2–5, in which every single 
value is reported correctly. MWR

 psychischen Erkrankungen im Umfeld des Flughafens Köln-Bonn. 
Umweltbundesamt 2010a. www.umweltbundesamt.de/sites/de
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October 2015).
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Supplementary material to:

Myocardial Infarction Risk Due to Aircraft, Road, and Rail Traffic Noise 
Results of a Case–Control Study Based on Secondary Dat

by Andreas Seidler, Mandy Wagner, Melanie Schubert, Patrik Dröge, Jörn Pons-Kühnemann,  
Enno Swart, Hajo Zeeb, and Janice Hegewald

Dtsch Arztebl Int 2016; 113: 407–14. DOI: 10.3238/arztebl.2016.0407

eBOX 1

Methods 
● Study area and study population:  

The study area consisted of the administrative district of Darmstadt, the cities of Mainz and Worms, and the rural districts of Mainz-Bingen and 
 Alzey-Worms (Figure). The study population included all persons aged over 40 insured with one of the three large statutory health insurers in the 
study area (n = 1 026 670; corresponding to about 23% of the over 40-year-olds in the study area).

● Noise exposure in the study area:  
The engineering firm Möhler und Partner Ingenieure AG provided address-specific external noise levels data (relating to streets with house 
 numbers) for aircraft noise (based on radar tracks of individual flights) and road and rail traffic noise in the study area (for details see [9]). The 
 reference year for noise exposure chosen was 2005. Traffic noise levels were calculated in accordance with current regulations (10–12). To aid 
 interpretation of the traffic noise levels, Table 1 gives some examples of sound sources together with their respective noise levels in decibels (dB).

● Linking the diagnostic data to the noise data:  
Participating insurers delivered pseudonymized claims and prescription data to the evaluation center in Dresden (study IDs were added, but no 
 names or addresses were supplied). From this information, cases of myocardial infarction and control cases without myocardial infarction were 
 selected. The following information was transferred, separately for each reporting year from 2005 to 2010: key data of the insured person, diag -
nostic data (ICD-10; divided into outpatient and inpatient care), and prescription data according to the anatomic therapeutic chemical (ATC) classi-
fication code. Noise data were linked to the address data of the insured persons by an external trust center at the Leibniz Institute for Prevention 
Research and Epidemiology BIPS in the case of two insurers and in the case of the third insurer by the insurer’s own linkage department. Noise 
data were successfully linked to address data for 95.5% of the study population (n = 907 736). The addresses were then replaced by the study IDs 
and passed on to the evaluation center in Dresden, where the diagnostic data and noise data were merged.

● Myocardial infarction cases  (n = 19 632):  
In order to best assess incident cases and facilitate the exclusion of prevalent cases in this secondary-data-based study, patients were included as 
cases only if they had an acute myocardial infarction (MI) (ICD-10: I21; Table 2) coded during the reporting period of 2006 to 2010—that is, after 
the measured noise exposure (13). A diagnosis-free period of at least four consecutive quarterly periods before the MI event was required; 
 however, this requirement cannot exclude the possibility of an infarction event occurring prior to the observed time period.

● Control subjects (n = 834 734):  
Control subjects were drawn from the pool of all insured persons (including family members insured on their policy). The study control subjects 
consisted of all insured persons without a diagnosis of MI (including a confirmed outpatient diagnosis) during the relevant reporting period of 2005 
to 2010, who were at least 40 years old in 2010 or in the year in which their insurance ceased, and who were insured for at least four consecutive 
quarterly periods during the entire reporting period.

● Statistical analysis:  
Logistic regression analysis was used to calculate odds ratios (OR) with 95% confidence intervals (95% CI) as effect estimates of the relative 
disease risks. In the analysis of the categorized noise levels (5 dB classes), people exposed to a 24-hour continuous noise level <40 dB were 
 assigned to the reference category; for aircraft noise, people exposed to a 24-hour continuous noise level <40 dB and a night-time maximum ≥ 50 
dB were removed from the reference category and analyzed in a category of their own. Overall, 89.4% of people included in the study were 
 exposed to road traffic noise higher than the reference category, 46.4% to rail traffic noise higher than the reference category, and 90.1% to aircraft 
noise higher than the reference category. In another analysis, only people who had not been exposed to any traffic noise ≥ 40 dB were placed in 
the reference category. In addition, the continuous noise levels were included as a linear term in the logistic regression analyses. A subgroup 
 analysis included only the patients with MI (diagnosed 2006–2010) who had died by 2014/2015 (irrespective of cause of death). The vital status of 
MI patients was checked by the health insurers, but no causes of death could be ascertained. The date on which vital status data were collected 
varied between the insurers (between February 2014 for insurer #1 and January 2015 for insurer #3). The different modes of traffic noise were 
 always assessed in separate models. In an additional analysis, the three different modes of traffic noise were included together in a single logistic 
regression model.

● Confounding factors:  
Age (as a third-degree polynomial), sex, and social status were included as confounders in the statistical analysis. Cases were included in the 
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 analysis with their age at the time of the MI diagnosis. The median year of diagnosis of the MI patients was 2008, so control subjects were included 
in the analysis according to their age in 2008, but had to be at least 40 years old at the end of the observation period (2010). Because of data pro-
tection, we had only birth years, not exact birth dates. People were taken to be at least 40 years old in 2010 if their birth year was 1970 or earlier. 
For both cases and controls, the (city or rural district-related) SGB-II rate (percentage of persons under the age of 65 years receiving social welfare 
payments; SGB, German Social Code, Sozialgesetzbuch) was included in the logistic regression model as an aggregate social status variable. 
Where the five-character occupation code was available, additional adjustment was made for the individual’s education (available for 29.4% of the 
study population) and occupational classification according to Blossfeld (14) (available for 32.4%); missing values were included in the regression 
model as a separate category. A subanalysis included only persons whose individual social status (individual educational level and/or occupation) 
was known.

eBOX 2

Calculation of traffic noise levels 
Aircraft noise levels were calculated according to appendix 
2 of the first regulations for data collection and the calcula-
tion procedure for the determination of noise control 
 zones, directions for calculating noise control zones (1. 
Verordnung über die Datenerfassung und das Berech-
nungsverfahren für die Festsetzung von Lärmschutz -
bereichen, Anleitung zur Berechnung von Lärmschutzbe-
reichen) (9), using radar tracks of the individual flights. The 
noise emissions from road and rail traffic were determined 
using the 34th set of regulations for implementation of the 
Federal Emissions Control Act (Bundes-Immissionsschutz-
gesetz) (10, 11). For this case -control study based on 
 secondary data, the 24-hour continuous noise level 
 (LpAeq,24h) together with the mean noise levels for the night-
time hours (10 p.m. to 6 a.m.) and the corresponding day-
time hours (6 a.m. to 10 p.m.) were made available sepa-
rately for the three different modes of traffic noise (external 
noise level, loudest façade) for the reference year 2005. 
For aircraft noise, other night-time periods were also 
 available (11 p.m. to 5 a.m., 11 p.m. to 7 a.m., individual 
hours between 10 p.m. and 8 a.m.). In addition, the maxi-
mum sound pressure level (LpAmax) was known (this is 
used to describe the noise level reached or exceeded by 
six flights during the night hours between 10 p.m. and 6 
a.m.).

eBOX 3

Assessment of external validity of 
the case–control study 
The participation of three large health insurers meant that 
around 23% of the population over the age of 40 living in 
the study area was included in this case–control study 
 based on secondary data. It may be safely assumed that if 
any particular traffic noise exposure leads to manifest 
disease in people insured with one insurer, its effect on 
those insured with another will be no different. Morever, 
despite considerable differences in the social structure of 
the participating insurers, insurer-specific subgroup analy-
sis showed similar estimated risks of myocardial infarction. 
This supports the external validity of the results.
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eTABLE 1

Characteristics of myocardial infarction cases and control subjects

Total

Sex

  Male

  Female

Age (years)

  35 – <45

  45 – <50

  50 – <55

  55 – <60

  60 – <65

  65 – <70

  70 – <75

  75 – <80

  80 – <85

  ≥ 85

Participating insurers

  Insurer #1

  Insurer #2

  Insurer #3

Educational status
Elementary/general school without vocational qualification

Elementary/general school with vocational qualification

High school without vocational qualification

High school with vocational qualification

Technical college 

University 

Educational status unknown. No details available.

Occupational classification (Blossfeld)
Farming

Unskilled manual work

Skilled manual work

Technician

Engineer

Unskilled service jobs

Skilled service jobs

Semiprofessional

Professional

Unqualified office worker in business or administration

Qualified office worker in business or administration

Manager

Other

No information about occupation

Cases

n

19 632

11  088

 8544

   306

   566

   921

 1282

 1522

 2331

 2908

 3065

 3128

 3603

12 999

 1620

 5013

   733

 1351

   109

   247

   196

    76

16 920

    28

   394

   370

    65

    20

   695

    67

    79

    14

   172

   414

    49

    70

17 195

%

100.0

 56.5

 43.5

  1.6

  2.9

  4.7

  6.5

  7.8

 11.9

 14.8

 15.6

 15.9

 18.4

 66.2

  8.3

 25.5

  3.7

  6.9

  0.6

  1.3

  1.0

  0.4

 86.2

  0.1

  2.0

  1.9

  0.3

  0.1

  3.5

  0.3

  0.4

  0.1

  0.9

  2.1

  0.2

  0.4

 87.6

Controls

n

834 734

362 665

472 069

131 344

 98 758

 88 834

 88 073

 79 161

 93 737

 89 291

 63 744

 51 144

 50 648

525 698

 61 562

247 474

 66 016

141 006

  4425

 14 220

 10 662

 11 762

586 643

  3 043

 35 647

 33 672

  5300

  2285

 62 572

 11 937

 20 185

  2259

 25 030

 59 454

  5715

  7682

559 953

%

100.0

 43.4

 56.3

 15.7

 11.8

 10.6

 10.6

  9.5

 11.2

 10.7

  7.6

  6.1

  6.1

 63.0

  7.4

 29.6

  7.9

 16.9

  0.5

  1.7

  1.3

  1.4

 70.3

  0.4

  4.3

  4.0

  0.6

  0.3

  7.5

  1.4

  2.4

  0.3

  3.0

  7.1

  0.2

  0.9

 67.1
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*Division of SGB-II rate into quintiles: in dividing the probands into quintiles, we always tried to ensure that each quintile contained 20% of the probands. However, 
because of the frequent repetition of SBG-II rates, the final distribution was uneven.

Regional SGB-II rate (quintiles)*

  ≤ 6.7%

  >6.7 – ≤ 7.5%

  >7.5 – ≤ 8.7%

  >8.7 – ≤ 12.7%

  >12.7%

6472

3041

2789

5406

1924

33.0

15.5

14.2

27.5

9.8

277 988

135 782

92 052

246 977

81 935

33.3

16.3

11.0

29.6

9.8
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