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Background: Road-traffic noise may influence the development of cardiovascular events such as stroke and myocardial infarction,
but etiological mechanisms remain unclear. This study aimed to assess the relationship between long-term road-traffic noise expo-
sure and coronary atherosclerosis in Sweden.

Methods: In the Swedish CArdioPulmonary biolmage Study (SCAPIS) cohort, including 30,154 subjects aged 50-65 years,
recruited between 2013 and 2018, coronary atherosclerosis was measured based on computer tomography (CT) scans as
coronary artery calcium score, segment involvement score (SIS), and non-calcified plaques (NCP) at enrollment. Based on mod-
ified Nordic model, road-traffic noise exposure was modeled for 2000, 2013, and 2018 with interpolation for intermediate years.
We investigated the association between time-weighted long-term exposure to road-traffic noise (L) and the prevalence of
atherosclerosis using ordinal logistic regression models adjusting for potential socioeconomic, behavioral, and environmental
confounders, including air pollution.

Results: No clear associations were found between road-traffic noise and coronary atherosclerosis. The odds ratio for coronary
artery calcium score was 1.00 (95% confidence interval [Cl] = 0.96, 1.04), SIS 0.99 (0.96, 1.03), and NCP 0.98 (0.90, 1.03) per
interquartile range (9.4 dB L, ) for road-traffic noise exposure during 10 years before enrollment. No consistent associations were
observed in site-specific analyses or using shorter exposure periods. Furthermore, exposure-response analyses revealed no clear
trends, and there were no strong interactions between road-traffic noise and cardiovascular risk factors in relation to the atheroscle-

rosis markers.

middle-aged populations in Sweden.

Conclusions: Long-term exposure to road-traffic noise was not linked to coronary atherosclerosis or calcification in relatively healthy,

Keywords: noise; atherosclerosis; road traffic noise; cardiovascular disease

aInstitute of Environmental Medicine, Karolinska Institutet, Stockholm, Sweden;
bSwedish Meteorological & Hydrological Institute, Norrkdping, Sweden;
°Occupational and Environmental Medicine, School of Public Health and
Community Medicine, Institute of Medicine, Sahligrenska Academy, University of
Gothenburg, Sweden, °Department of Occupational and Environmental Medicine,
Sahlgrenska University Hospital, Gothenburg, Sweden, eCentre for Occupational
and Environmental Medicine, Region Stockholm, Stockholm, Sweden;
'Department of Clinical Sciences, Danderyd University Hospital, Karolinska
Institutet, Stockholm, Sweden; °Department of Public Health and Clinical
Medicine, Faculty of Medicine, Umea University, Umed, Sweden; "Division of
Occupational and Environmental Medicine, Department of Laboratory Medicine,
Faculty of Medicine, Lund University, Sweden; 'SLB-analys, Environment and
Health Administration, Stockholm, Sweden; ‘Environment Department, City of
Malmé, Malmo, Sweden; “Department of Medical Sciences, Occupational and
Environmental Medicine, Uppsala University, Uppsala, Sweden; 'Department of
Occupational and Environmental Medicine, Uppsala University Hospital, Uppsala,
Sweden; and "Department of Cardiology, Danderyd Hospital, Stockholm,
Sweden

The main funder of the Swedish CArdioPulmonary biolmage Study (SCAPIS) is
the Swedlish Heart and Lung Foundation (2016-0315). This study was funded
by the Swedish Research Council for Health, Working Life, and Welfare (FORTE;
2019-001108).

The data underlying this article cannot be shared publicly due to the privacy of
individuals who participated in the study. However, all data used in this study are
available to researchers from SCAPIS (www.scapis.org), subject to applicable
policies.

Supplemental digital content is available through direct URL citations in
the HTML and PDF versions of this article (www.environepidem.com).

Introduction

Continuing urbanization leads to increases in the number of
people exposed to road-traffic noise, and a substantial propor-
tion of the urban population in Europe is exposed to noise levels
considered harmful to health.!? There is growing evidence that
road-traffic noise is associated with increased risk of cardio-
vascular disease, including ischemic heart disease and stroke.??
However, there is limited understanding of specific pathophysi-
ological mechanisms for how noise exposure can contribute to
the development of cardiovascular disease. Evidence shows that
noise-induced stress and sleep disturbance lead to the activation
of autonomic and endocrine systems, which, in turn, contrib-
ute to elevated blood pressure, oxidative stress, and endothelial

What this study adds

While noise exposure has been associated with the risk of having
a myocardial infarction or stroke, mechanisms remain unclear.
Our cross-sectional study investigated the relationship between
noise exposure and coronary atherosclerosis in a large general
population sample using high-quality imaging techniques. We
did not find clear or consistent associations between exposure
to road-traffic noise and three different measures of coronary
atherosclerosis. These findings contribute to the understanding
of possible mechanisms behind noise-related ischemic heart dis-
ease and stroke.
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dysfunction.>* These physiological reactions could contribute to
the development of atherosclerosis, including atherosclerosis in
coronary arteries, which is a precondition for ischemic heart dis-
ease and acute coronary events such as myocardial infarction.’
However, only a few studies have investigated the association
between road-traffic noise and atherosclerosis,®® with inconsis-
tent results, and more importantly, no prior study has specifi-
cally investigated coronary atherosclerosis.

The assessment of atherosclerosis in coronary arteries through
coronary computed tomography angiography is a method with
very high sensitivity for the detection of coronary artery disease.’
Coronary computed tomography angiography can be used to
measure coronary atherosclerosis in several ways. The widely
used Agatston’s coronary artery calcium score (CACS) takes into
consideration atherosclerotic plaque area and calcium lesion den-
sity. High CACS is a predictor of future cardiovascular events in
asymptomatic individuals.'* While CACS considers only calcified
plaques, segment involvement score (SIS) quantifies the number
of coronary segments with atherosclerotic plaques, assessing the
extent of the disease without focusing on the composition of the
plaques.'" A third method quantifies the presence of non-calcified
plaques (NCP), suggested as a marker of vulnerable plaques
prone to lesions and subsequent cardiovascular events.'? These
markers of coronary atherosclerosis have only been studied to a
limited extent in relation to environmental exposures such as air
pollution, noise, and access to green spaces.'?

In this study, we investigated the association between long-
term road-traffic noise exposure and coronary atherosclerosis
in a large population-based cohort of middle-aged men and
women. Our main hypothesis was that higher exposure to noise
would be associated with atherosclerosis marker scores, such as
CACS, SIS, and NCP.

Methods
Study participants

The study participants were selected from the Swedish
CArdioPulmonary biolmage Study (SCAPIS), which is an ongo-
ing population-based cohort study targeting middle-aged indi-
viduals. The study included 30,154 men and women (aged 50-65
years) randomly selected from six Swedish cities (Gothenburg,
Linkoping, Malmo, Stockholm, Umed, and Uppsala). The
recruitment took place between 2013 and 2018. The collected
data included detailed computer tomographic imaging (includ-
ing computed tomographic angiography), blood samples, and
responses to questionnaires regarding the participants’ back-
ground characteristics and behaviors. Further details on cohort
design, participants, recruitment, and data collection have been
described elsewhere.!*15

We obtained coordinates of all residential addresses during
the 10 years before recruitment for all SCAPIS participants and
linked these to environmental data for estimation of individual
exposure. Ethical approval was obtained for the SCAPIS study
(DNR 2010-228-31M) and for this study (DNR 2019-06469).
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Road-traffic noise

Road-traffic noise levels were modeled for 2000,2011,and 2018
with interpolation for intermediate years.'® Input data included
3D terrain data, information on the ground surface, road net-
work, daily traffic flows, speed limits, and percentage of heavy
vehicles. To calculate noise levels for road traffic a modifica-
tion of the Nordic prediction method was used, where possible
reflection and shielding were taken into account by a Ground
Space Index based on building density. The methodology has
been further developed from the one described by Ogren and
Barregard,!” which was validated against the full Nordic pre-
diction method modeled with SoundPlan and showed coherent
estimates. Noise maps were created for the study areas with a
spatial resolution of 25x25 m in the most densely populated
areas, while in sparsely populated areas the resolution was
100x 100 m.

For this study, the calculations of L, ,, were converted to
the European Union noise indicator day -evening- -night (L, ),
which penalizes noise occurring during evening and nighttime.
L,,, was calculated by adding 3 dB to L, ,,,, based on typical
Swedish road traffic time distributions.” "Participants missing
exposure data for more than 2 of 10 years before enrollment
were excluded from the analysis. Noise values below 40 dB were
set to 40 dB L, , due to considerable imprecision in estimates
for values below this level.'® Long-term exposure to noise was
modeled as time-weighted (energy-weighted) means considering
changes in residential addresses. We modeled the average expo-
sure for 10, 5, and 2 years preceding enrollment, where 10 years
average was our a priori exposure window of interest since ath-
erosclerosis is a slowly progressive disease.

Air pollution

Air pollution was modeled for each study site using methods
described elsewhere.'” In brief, emission inventories for all study
sites were compiled for PM, ;, PM,  and NOx for the years
2000, 2011, and 2018. Concentratlons of source-specific pol-
lutants were modeled using high-resolution dispersion models
with grids of 50 x 50 m for the most densely populated areas and
up to 500x 500 m for the least populated areas. Concentrations
of long-range transported pollutants were estimated with bias-
corrected chemical transport modeling on a 15 km grid. The
air pollution values for the intermediate years were interpolated
and adjusted based on meteorological data. Based on individual
time-variant address data, each study participant was assigned
the average residential exposure for each year between 2000 and
2018, with subsequent estimation of time-weighted exposures
during the relevant time period. We observed high correlations
between NO, and NO, levels (r = 0.99) and used NO, in the
adjustment models to facilitate comparisons with other studies.

Greenness

Exposure to residential greenness was estimated using the
annual maximum values of the normalized difference vegetation
index (NDVI) derived from satellite data with a spatial resolu-
tion of 25x25m." To reduce the effect of cloud contamination
a 5-year floating average value was used, based on the pixel val-
ues for the actual year, 2 years before, and 2 years after a given
year. The research participants were attributed a median NDVI
value for all nonwater surfaces within circular buffers with 500
m radii centered at the coordinates of the residential addresses.

Measurement of calcification and atherosclerosis

Upon recruitment, the participants underwent cardiac com-
puted tomography (CT). The image acquisition methodology
and subsequent assessment of atherosclerosis and calcification
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in SCAPIS have been described previously.!’ In brief, the assess-
ment of coronary calcium included using non-contrast-enhanced,
retrospectively electrocardiogram-gate multisection CT scan-
ner (Somatom Definition Flash, Siemens Medical Solutions,
Gothenburg, Sweden).

Calcification was assessed in four coronary arteries: the cir-
cumflex coronary, the left main, the left anterior descending, and
the right coronary arteries. Calcified areas were summed up for
all arteries and slides and then multiplied by an intensity fac-
tor to produce a total CACS.?° In line with previous research,
we classified CACS as none (0), ultralow (1-10), low (11-100),
moderate (101-400), or high (>400).

Additional measures of the extent of coronary atherosclero-
sis disease (SIS and NCP) were obtained through visual scoring
by a group of trained thoracic radiologists and cardiologists.
Coronary segments were visually assessed to identify plaques
and to classify plaques as calcified or noncalcified, as well as
to define the level of stenosis. It was compulsory to report on
11 clinically most relevant segments. The remaining segments
were reported only if they had atherosclerosis.”” The number of
segments with any stenosis represented the SIS.?! NCP, on the
other hand, was defined as the number of coronary segments
with stenosis but without detectable calcification.

Covariates

Based on self-reported data about smoking habits, the study par-
ticipants were categorized as: “never-smokers,” “ex-smokers,”
and “current smokers.” Leisure-time physical activity was cat-
egorized as mainly sedentary activity such as reading or watch-
ing television, moderate activity such as walking or cycling for
at least 4 hours/week, regular strenuous physical activity, and
athletic training several times per week. Alcohol consumption
was categorized as the self-reported frequency of consuming
an alcoholic drink during the last year. Civil status was divided
into four categories: “living alone,” “married,” “divorced,” and
“widow.” Hormone-replacement therapy was a binary vari-
able indicating ever-use for menopausal symptoms. Foreign/
Swedish background was categorized into: “Swedish born” or
“foreign born.” Education was divided into three categories:
“primary school,” “secondary school,” and “university educa-
tion or higher.” Based on data obtained from Statistics Sweden
for 2000,2011, and 2018, area-based socioeconomic status was
assigned to each individual using the percentage of individuals
with an income below the lowest Swedish income quartile for
each Demographic Statistics Area unit.

Statistical analyses

Associations between long-term exposure to road-traffic noise
and the three outcome variables (CACS, SIS, and NCP) were
estimated using ordinal logistic regression. Different sets of vari-
ables were used in a stepwise manner, including known cardio-
vascular risk factors, which may also be related to road-traffic
noise exposure and thus constitute confounders. Exposure to
noise was modeled as a time-weighted mean over 10-year peri-
ods preceding the enrollment. All risk estimates were presented
per interquartile range (IQR) increase (9.4 dB L, ). The first
regression model included age, gender, and enrollment site.
We added the following variables for the second model: neigh-
borhood proportion of low-income earners, highest attained
education level, cohabitation or civil status, use of hormone-
replacement therapy for menopausal symptoms, and country
of birth. The third model (main model) additionally included
behavioral risk factors: smoking status, leisure-time physical
activity, and alcohol consumption. We analyzed only the par-
ticipants with complete data for the main model to ensure
comparability across models. For exposure-response analysis,
we replaced the continuous exposure variable with a restricted

www.environmentalepidemiology.com

cubic spline with three degrees of freedom (knots at Sth, 35th,
65th, and 95th percentile).

We analyzed effect modification by introducing an interac-
tion term between the potential effect modifier and the 10-year
noise exposure. The analysis focused on sex, age (using five-
year categories), smoking status, use of lipid-lowering statins,
body mass index (BMI), serum level of low-density lipoprotein
cholesterol (calculated using Friedewald’s formula and dichoto-
mized at the cohort median), high-sensitivity C-reactive protein
(dichotomized at a serum level of 3mg/L). Wald test was used to
calculate the P values of interaction.

In sensitivity analyses, we added exposure to air pollution,
defined as annual concentrations of PM,, PM,, and NO,
averaged over 10 years, to the main model. We also tested the
impact of adding greenness (NDVI) averaged over 10 years to
our main model. Furthermore, we ran models using road-traffic
noise exposure averaged over 2- and S-years before enrollment.
We also tested the impact of adding urbanicity (based on the
classification of demographic statistical areas used by Statistics
Sweden), employment status, and BMI. BMI may be a con-
founder of the association between road-traffic noise exposure
and coronary atherosclerosis but may also be a mediator in a
causal pathway between noise exposure and atherosclerosis. If
BMI acts as a mediator, it should not be included as an adjust-
ment variable.

All analyses were performed in R 4.2.1 using the 77s package.?

Results

From the original sample of 30,154 individuals, 1111 (3.7%)
were excluded due to missing exposure data and 2378 (7.9%)
due to missing covariate data. Data from 26,665 participants,
with complete covariate information, was included in the main
model (Figure S1; http:/links.lww.com/EE/A307). Overall,
51.5% were women, mean age was 57 years, 12.1% were smok-
ers, 42.3% had detectable coronary artery calcifications, and
16% had detectable noncalcified plaques.

There was a higher prevalence of atherosclerosis among men
than among women (56% of men vs. 29% of women had SIS
>1). Atherosclerosis was more prevalent in older participants
than in younger ones (29% among 50-54 years old had SIS
> 1, while 53% among 60-65 years old). Exposure to road-
traffic noise varied between the sites (Figure S2; http:/links.
lww.com/EE/A307). Mean 10-year exposure to noise was high-
est in Malmé (59.5 dB L) and lowest in Umed (52.1 dB L, ).
The mean values for other cities were: Gothenburg (58.9 dB
L,,), Linkoping (53.9 dB L, ), Stockholm (57.8 dB L, ), and
Uppsala (52.3 dB L,_). The WHO guideline value of 53 dB L,
was exceeded for 71.7% of the participants. Mean exposure
during 10 years before enrollment was highly correlated with
mean S-year and 2-year exposure before enrollment (all » > 0.9).
There was a moderate positive relationship between road-traffic
noise and PM, ; exposure (r = 0.43), and a moderate negative
relationship between noise and greenness exposure (r = -0.6)
(see Table S1; http://links.Iww.com/EE/A307).

As shown in Table 1, participants with higher exposure to
noise were more likely to smoke, live alone or be unmarried,
consume alcohol more frequently, be foreign-born, have lower
educational level, and reside in areas with a higher percentage
of low-income earners. The study sites differed in terms of the
prevalence of current smoking (from 8% in Umed to 16.5%
in Malmo), frequent drinking (from 3% in Umed to 10% in
Stockholm), and the proportion of low-income earners (from
20% in Stockholm to 30% in Malmo). Participants excluded
because of missing exposure or covariate data were more likely
to be foreign-born (27.6%), have lower education level (15.3%),
more likely to be active smokers (25%), and have a higher prev-
alence of atherosclerosis (48 % SIS >1), calcification (46 % CACS
>1), and NCP (14% NCP >1).
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Participant characteristics, grouped by quarter (Q1-4) of mean total L

(dB) exposure to road-traffic noise 10 years before

enroliment

a1 Q2 Qa3 04
L, Me2N 46 54.81 59.44 65.25
N 6667 6666 6666 6666
Demographical indicators
Age, mean 57.4 57.5 57.4 57.6
Gender, % female 49.3 51.9 52.5 52.5
Low-income proportion, mean area-level % of low-income earners 19.7 23.3 25.8 26.9
Education, % with only compulsory schooling or less 8.2 8.6 9.3 9
Civil status, % living alone or unmarried 6.7 9.6 16 21.2
Hormone-replacement therapy, % of women ever-users for menopausal symptoms 219 22.5 259 25.9
Foreign-born, % not born in Sweden 9 13.5 18.4 19
Behavioral cardiovascular risk factors
Smoking, % current smokers 8.3 10.7 13.3 16.1
Low physical activity, % reporting no regular leisure-time exercise 10.3 11 129 13
Alcohol consumption, % consuming alcohol more than once a week 37.1 37.3 37.3 40.3
Co-exposures (averaged over 10 years before enrollment)
Air pollution, mean PM2.5 5.6 6.4 6.9 7.4
Greenness, mean NDVI within 500 m 0.6 0.5 0.5 0.4
Cardiovascular outcomes
Calcification, % CACS =1 39.8 39 40.9 41.2
Non-calcified plaques, % any plaques 1.6 11.1 10.9 1.4
Stenoses, % SIS >1 41 41 43 44

Odds ratio and 95% CI for atherosclerosis in relation to exposure to road-traffic noise per IQR (9.42 dB L

) during 10 years before

‘den’

enrollment

Coronary artery calcium score (CACS) Segment involvement score (SIS) Non-calcified plaques (NCP)
Model 12 1.03 (1.00, 1.07) 1.03(0.99,1.07) 0.97 (0.91,1.04)
Model 2° 1.02 (0.98, 1.06) 1.01(0.97, 1.05) 0.97 (0.90, 1.03)

Model 3 (main)® 1.00 (0.96, 1.04)

0.99 (0.96, 1.03) 0.96 (0.90, 1.03)

*Model 1 included age, gender, and recruitment site.

"Model 2 also included area-level socioeconomic status, education level, cohabitation or civil status, hormone-replacement therapy, and country of birth.

“Model 3 also included smoking status, physical activity, and alcohol consumption.

Road-traffic noise averaged over 10 years at the residential
address was not associated with any of the measures of athero-
sclerosis in our main analysis (Table 2). For the main model, the
odds ratio for CACS was 1.00 (95% CI = 0.96, 1.04), SIS 0.99
(95% CI = 0.96, 1.03), and NCP 0.96 (95% CI = 0.90, 1.03).
We observed no clear heterogeneity between recruitment sites,
except for NCP, where noise exposure was positively associated
with NCP in Gothenburg (OR = 1.13; 95% CI=1.00, 1.28) and
negatively associated in Umed (OR = 0.80; 95% CI = 0.65, 0.97
per IQR increase in L, ) (Figure 1).

The exposure-response analysis showed no consistent pat-
terns for CACS, SIS, or NCP (Figure 2). A U-shaped function
was suggested for NCP, but there was substantial uncertainty at
high and low exposure levels because of low numbers.

Effect modification analysis of the association between
road-traffic noise and three outcome measures of atherosclero-
sis did not demonstrate consistent evidence of differing associa-
tions across covariates (Figure 3).

Sensitivity analyses focusing on atherosclerosis are presented
in Figure S3; http://links.lww.com/EE/A307. The adjustment for
covariates had limited effects on ORs and gave nearly identical
results for all outcomes. Adjustment for PM, ; or NO, resulted in
minor changes to risk estimates compared with the main analy-
ses except that adjustment for PM, ; in analyses of the association
between road-traffic noise and noncalcified plaques showed a
reduced risk of noncalcified plaques (OR = 0.91; 95% CI = 0.835,
0.98). Adjusting for employment status and urbanicity resulted
in minor changes to risk estimates. Finally, the adjustment for
BMI had limited effects for the CACS and SIS models, while

marginally decreasing the point estimate for NCP. Modeling
road noise exposure using alternative averaging periods resulted
in consistently null results regardless of the averaging period.

Discussion

We investigated associations between long-term road-traffic
noise exposure at the residential address of 26,665 middle-aged
participants from six Swedish cities and three measures of coro-
nary atherosclerosis. We did not observe consistent evidence of
associations between road-traffic noise and any of the measures
of atherosclerosis. Results were robust to multiple sensitivity
analyses.

No study has previously specifically considered coronary ath-
erosclerosis, however, some previous research has investigated
the association between road-traffic noise and other measures of
atherosclerosis with inconsistent results. A cross-sectional anal-
ysis of the German Heinz Nixdorf Recall cohort study found
an association between L. and atherosclerosis, where a 5 dB
increase was associated w1ti1 a 3.9% increase in thoracic aor-
tic calcification (95% CI = 0.0, 8.0).> However, a more recent
longitudinal update of the German Heinz Nixdorf Recall study
demonstrated no overall association but found an increased risk
of developing subclinical atherosclerosis related to noise expo-
sure in participants who had no or minimal thoracic calcification
at baseline.” Using carotid intima-media thickness as a proxy
for atherosclerosis, the WhiteHall IT and Southall and Brent
REvisited cohort demonstrated a positive association in between
nighttime noise exposure and carotid intima-media thickness.®
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Figure 1. Site-specific associations between mean road-traffic noise exposure for the 10 years preceding the enrollment and atherosclerosis, including CACS,
SIS, and NCP.
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Figure 2. Restricted cubic splines with three degrees of freedom for exposure to road-traffic noise (dBL

bands.

den), in the main covariate model, with 95% confidence

Other studies have reported associations between road-
traffic noise exposure and possible consequences of coro-
nary atherosclerosis, such as myocardial infarction. Two
meta-analyses of road-traffic noise and myocardial infarction
reported positive associations, but confidence limits often
spanned the null except in cross-sectional or case—control
studies, limiting the level of evidence.?>?* However, recently
published studies in large cohorts such as the national
cohort of Denmark,>*?*¢ the Danish Nurses Cohort*” or mul-
ticenter cohorts in Denmark, Sweden and Finland'® have
reported higher risk of incident myocardial infarction or a
broader category of ischemic heart disease with long-term
road-traffic exposure. In a large population-based cohort in
1 million inhabitants of Toronto, Canada road-traffic noise
was also associated with incident myocardial infarction.?® In
the Swiss national cohort, road-traffic noise was associated
with a higher risk of mortality due to myocardial infarction.”
As a whole, there is growing evidence to support the role of
road-traffic noise exposure in increasing the risk of myocardial
infarction yet very limited attempts to investigate coronary

atherosclerosis, a cornerstone of ischemic heart disease, as a
pathway of effect. In the absence of evidence of associations
between noise exposure and atherosclerosis, other etiologi-
cal pathways might be explored, such as involving the risk
of plaque rupture independently of plaque formation through
noise-induced stress mechanisms.*

One possible explanation for our null findings is imprecision
in the exposure assessment. We assigned modeled road-traffic
noise exposure levels at the fagade but did not have informa-
tion on the time spent indoors or indoor noise levels.*® Indoor
noise levels can vary depending on apartment orientation and
the quality of sound insulation, which depends on the build-
ings’ age, and targeted noise insulation measures. We also lacked
information on other noise sources, that is, railway and aircraft
noise. This could have led to misclassification of exposure and
bias towards the null in analyses of associations between expo-
sure and effects.

The risk of atherosclerosis did not change significantly after
adjustment for potential confounders, including air pollution
and greenness. This is consistent with the earlier research that
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Figure 3. Odds ratio and 95% ClI for atherosclerosis in relation to exposure to road-traffic noise per IQR increase during 10 years before the enrollment accord-
ing to strata of potential effect modifiers. Analyses based on separate models with interaction terms between road-traffic noise and each potential modifier,
adjusted for age, sex (men/women), educational level (low/medium/high), marital status (single/married), area-level socioeconomic status, smoking status,

physical activity, and alcohol consumption.

air pollution and the lack of green space do not seem to con-
found the associations between road-traffic noise and cardio-
vascular health.>3! The risk estimates for NCP decreased after
the adjustment for air pollution, but the percentage change in
estimate was less than 10%.

There are several limitations to this study. The main limita-
tion is the cross-sectional nature, which limits opportunities to
draw conclusions about causality since the temporal relation
between the exposure and outcome is unclear. Another limita-
tion is the partially subjective nature of the assessment of cor-
onary atherosclerosis through SIS and NCP, which may have
resulted in observation variability and biased measurements.
Furthermore, noncalcified plaques were identified as stenotic
coronary segments without any calcification. As a consequence,
the methodology used did not identify partially calcified
plaques (spotty calcification) or noncalcified plaques adjacent
to calcified ones. This could have potentially led to a low prev-
alence of NCP in our study population. In addition, selection
bias may have affected the results. There were indications that
missing exposure or covariate data were related to low educa-
tion, active smoking, and higher atherosclerosis markers. Since
road-traffic noise exposure was also related to socioeconomic
characteristics, nonresponse may have influenced the associ-
ations between noise exposure and coronary atherosclerosis.
Furthermore, we did not have data on some of the factors
affecting noise exposure, such as house characteristics (insu-
lation and orientation of the rooms) or participants’ habits of
keeping windows open at night. We also lacked information on
noise annoyance and diet.

The strength of this study is the good quality data, including
longitudinal address data, exposure data with high spatial and
temporal resolution, extensive data on possible covariates, and
well-characterized outcome data obtained through high-quality
imaging techniques. The SCAPIS population is based on a ran-
dom sample from six Swedish cities and is relatively representa-
tive of the middle-aged general population, although differences
in acceptance rates based on socioeconomic status have been
reported.??33

Conclusions

Overall, this cross-sectional study provided no clear or consis-
tent evidence of an association between road-traffic noise and
atherosclerosis. These results suggest that in a relatively healthy,
middle-aged general population, road-traffic noise does not con-
tribute to atherosclerosis or calcifications.
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