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Abstract While noise pollution from transportation 
has become an important public health problem, the 
relationships between different sources of traffic noise 
and cardiovascular diseases (CVDs) remain inconclu-
sive. A comprehensive meta-analysis was therefore 
conducted to quantitatively assess the effects of long-
term exposure to road traffic, railway, and aircraft 
noise on CVDs and relevant subtypes. We systemati-
cally retrieved PubMed, Embase, and Web of Science 
for articles published before April 4, 2022. Summary 
relative risks (RRs) and 95% confidence intervals (CIs) 
were estimated by the fixed- or random-effects models. 
In total, 23 articles were included in our meta-analy-
sis. The risk of CVDs increased by 2% (RR 1.020, 
95% CI 1.006–1.035) and 1.6% (RR 1.016, 95% CI 

1.000–1.032) for every 10 dB increment of road traf-
fic and aircraft noise. For CVD subtypes, the risk 
increased by 3.4% (1.034, 1.026–1.043) for stroke and 
5% (1.050, 1.006–1.096) for heart failure with each 
10 dB increment of road traffic noise; the risk of atrial 
fibrillation increased by 1.1% (1.011, 1.002–1.021) 
with each 10 dB increment of railway noise; and the 
risk increased by 1% (1.010, 1.003–1.017) for myo-
cardial infarction, 2.7% (1.027, 1.004–1.050) for atrial 
fibrillation, and 2.3% (1.023, 1.016–1.030) for heart 
failure with each 10 dB increment in aircraft noise. 
Further, effects from road traffic, railway, and aircraft 
noise all followed positive linear trends with CVDs. 
Long-term exposure to traffic noise is positively related 
to the incidence risk of cardiovascular events, espe-
cially road traffic noise which significantly increases 
the risk of CVDs, stroke, and heart failure.
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1. Long-term exposure to traffic noise could increase the 
risk of CVDs.
2. Effects on CVDs of traffic noise from road, rail, and 
aircraft followed positive linear trends.
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Introduction

Cardiovascular diseases (CVDs) constitute the lead-
ing cause of death worldwide [1], with 18.5 million 
people dying from CVDs in 2019 and roughly one-
third of all deaths globally [2, 3]. Given the preva-
lence of CVDs, the identification of modifiable risk 
factors so as to reduce the burden of CVDs is essen-
tial. Cumulative studies have suggested that environ-
mental factors may facilitate the progression of CVDs 
[4]. Traffic noise has become an important public con-
cern due to rapid urbanization and economic growth. 
The World Health Organization (WHO) alleges that 
more than one million healthy life years are lost in 
Europe each year because of traffic noise [2]. Besides, 
it is estimated that chronic exposure to environmen-
tal noise causes 12,000 premature deaths and 48,000 
new cases of ischemic heart disease (IHD) annually 
in European territory [5].

Noise, as a stressor, may trigger the release of 
stress hormones [6, 7], causing inflammation [8, 9] 
and oxidative stress [10, 11] and influencing the car-
diovascular system. Increasing epidemiological stud-
ies indicate that chronic exposure to traffic noise is 
associated with an increased risk of CVDs [12–15], 
but the relationship is still inconclusive because 
of inconsistent, controversial findings in studies 
[16–19]. Previous meta-analyses have concluded that 
traffic noise is linked to an increased risk of coronary 
heart disease [20, 21]. While one meta-analysis [22] 
published in 2014 reported a nonsignificant relation-
ship between traffic noise and CVDs, it included only 
cross-sectional studies and failed to quantitatively 
estimate the risk of CVDs. More recently, several 
large-scale longitudinal studies have been published 
on traffic noise and CVDs [14, 15, 23–26]. To date, 
no meta-analysis examining the correlation between 
transportation noise and heart failure (HF) has been 
published. Additionally, the strength and shape of the 
dose-response correlations between traffic noise from 
roads, rail, and aircraft sources and CVDs remain 
unclear. We therefore carried out a comprehensive 
systematic review and meta-analysis of all available 
cohort studies to synthesize the evidence regarding 
the relationships between CVDs, stroke, myocardial 
infarction, atrial fibrillation, and HF morbidity and 
traffic noise from roads, railways, and aircraft and to 
investigate the dose-response relationships involved.

Method

Search Strategy

PubMed, Embase, and Web of Science were 
retrieved for relevant English-language reports pub-
lished before 4 April 2022. The search strategy of 
merging MeSH terms and free-text terms included 
noise, transportation noise, traffic noise, environ-
mental noise, cardiovascular diseases, and cohort 
study. Details are shown in Supplementary Material 
Table  1. We also manually retrieved the bibliogra-
phies of included articles and relevant review arti-
cles for additional studies. Our meta-analysis was 
performed and reported in alignment with the Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) [27] and registered on 
the International Prospective Register of Systematic 
Reviews (PROSPERO) with the registration number 
CRD42022321347.

Selection Criteria

Studies were considered to be eligible if they were (1) 
cohort studies in which participants were 18 years or 
older at baseline; (2) studies that reported long-term 
traffic noise exposure from roads, railways, or air-
craft, which were measured or model estimated; (3) 
studies that assessed the incidence of CVDs, IHD, 
stroke, myocardial infarction (MI), atrial fibrillation 
(AF), and HF; and (4) studies that provided odds 
ratios (ORs), relative risks (RRs), or hazard ratios 
(HRs) with 95% confidence intervals (CIs). If there 
were multiple studies exploring the same outcome 
in the same cohort population, we selected the study 
with the most information or the largest sample size 
or the longest follow-up duration.

Data Extraction and Quality Assessment

Two reviewers (X.F. and L.W.) separately collected 
data from the studies. Information collected included 
the first author, publication year, study country, data 
source, sample size, follow-up duration, participants’ 
characteristics at baseline (sex and age), traffic noise 
sources and assessment methods, outcome ascertain-
ment, fully adjusted ORs, RRs or HRs and 95% CIs 
for each noise level, and adjusted confounding factors. 
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The two reviewers adopted the Newcastle Ottawa 
Scale (NOS) to evaluate the quality of retained stud-
ies [28]. Studies were classified as low, medium, and 
high quality based on NOS scores, with 0–3, 4–6, and 
7–9 points ascribed, respectively. Possible contradic-
tions arising from data extraction and quality assess-
ment were discussed with the third author (D.H.).

Data Synthesis and Analysis

The included studies applied different noise metrics 
to describe the effects from traffic noise on CVDs, 
metrics such as Lden, LAeq24h, LAeq16h, and Lnight 
(definitions are shown in Supplementary Material 
Table  2). We selected the European Union standard 
Lden as a unified noise metric. When it was not avail-
able, we prioritized the extraction of noise data in the 
following order: LAeq24h, LAeq16h, and Lnight. Before 
entering into the analysis, various noise metrics were 
converted to Lden using these criteria: LAeq24h+3.6 
dB, LAeq(6–22h)+2.3 dB, LAeq(7–23h)+2.4 dB, and 
Lnight(8h)+8.3 dB for road traffic noise [29]. We 
assigned the intermediate noise level of each inter-
val as the mean exposure corresponding to the risk 
estimate. In the case of open intervals, the range was 
assumed to be the same as the neighboring one [30].

If different subtypes of CVDs or different sources 
of traffic noise were reported in an article, we 
regarded them as independent studies. If an arti-
cle only reported subtypes of stroke, we adopted the 
fixed-effects model to combine the risk estimates. 
RRs (95% CI) were considered as the unified risk esti-
mate for the included studies. For studies reporting 
HRs (95% CI), it was assumed that HRs were equal 
to RRs [31]. Since the incidence rates of outcomes in 
the general population were less than 10% [32], we 
considered that the ORs reported in the original stud-
ies were approximate to the RRs [33]. If the specific 
number of cases or participants for a group was miss-
ing, it was calculated according to the corresponding 
risk estimates and total cases or participants [34].

The study-specific dose-response association 
for per 10 dB increment of traffic noise was evalu-
ated using generalized least-squares regression [35]. 
Pooled RRs (95% CI) of different outcomes (CVDs, 
stroke, MI, AF, and HF) for the highest versus low-
est level in the dichotomous analysis and per 10 dB 
increment were assessed with a fixed-effects model 
when I2 statistic was less than 50%; otherwise, a 

random-effects model was utilized. Additionally, the 
nonlinear trends were evaluated by modeling traffic 
noise using a restricted cubic spline, with three knots 
placed at the 25th, 50th, and 75th percentiles of the 
distribution [36]. Only studies reporting at least three 
levels of noise were used to estimate the potential lin-
ear or nonlinear trends between traffic noise and dif-
ferent types of cardiovascular events.

Heterogeneity was examined using Cochran Q and 
I2 statistics [37]. P<0.1 was regarded as statistically 
significant for the Q statistic, while the I2 values less 
than 50% represented low heterogeneity. Subgroup 
analysis was conducted according to sex, region, fol-
low-up years, sample size, study quality, noise met-
rics, and adjustments (age, income, smoking, drink-
ing, air pollution, and other noise exposure). The P 
value for the heterogeneity between subgroups was 
calculated with meta-regression [38]. Sensitivity 
analysis was undertaken by excluding one study at 
a time to evaluate the steadiness of the results in the 
analysis that included more than 5 studies. Publica-
tion bias (8 or more studies) was evaluated by funnel 
plot and Egger’s test [39].

P<0.05 was regarded as statistically significant, and 
all statistical tests were two-sided and conducted with 
Stata 14.0 (Stata Corp, College Station, TX, USA).

Results

Literature Search and Study Characteristics

In brief, 6593 articles were searched from PubMed, 
Embase, and Web of Science and the reference lists of 
related articles. After removing duplicates (n=1661), 
potentially relevant articles that met the inclusion 
criteria were screened from 4932 articles by reading 
the titles and abstracts, with the final remaining 52 
articles evaluated by reviewing the full text. Of these 
52 articles, we further excluded 29 due to lack of rel-
evant exposure, outcome, or risk estimate data (n=9), 
duplicate data (n=10), conference or editorial articles 
(n=4), and review or meta-analysis papers (n=5), 
while one article was unavailable. Consequently, 23 
articles (including 57 studies) were included in the 
meta-analysis (Fig. 1).

Included articles covered a total of 18,503,167 
participants, the sample size ranging from 420 to 
8,610,000, with only 4 articles referencing less than 
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10,000 participants. Among the 23 included arti-
cles, 21 [12, 14–19, 23, 24, 26, 40–50] were from 
European countries and 2 [25, 51] from Canada. 
Four articles [15, 17, 23, 24] reported results for 
road traffic, railway, and aircraft noise simultane-
ously, while others only assessed one or two sources 
of traffic noise. All noise exposures were estimated 
by the model except for one article where the noise 
exposure was actually measured [40]. Sixteen arti-
cles [12, 14–18, 23, 24, 41, 42, 44, 46–50] adopted 
the European Union standard Lden as the noise met-
ric, while the remaining 7 articles [19, 25, 26, 40, 43, 
45, 51] selected other noise metrics (LAeq24h, LAeq16h, 
or Lnight). The characteristics of relevant studies are 
listed in Supplementary Material Table 3. The quality 
assessment of included studies yielded a mean NOS 
score of 8.04 (Supplementary Material Table 4).

Traffic Noise and CVDs

Road Traffic Noise and CVDs

We included 16 studies [14, 15, 17–19, 23–25, 
40, 42, 47, 48, 51] in dichotomous analysis. Com-
pared with the lowest noise level, the pooled risk of 
CVDs was 1.068 (95% CI 1.023–1.115, I2=93.5%, 
Pheterogeneity<0.001, Fig. 2) for the highest noise level. 

Egger’s test and funnel plot did not detect publication 
bias (P=0.742, Supplementary Material Fig. 1). Sen-
sitivity analysis showed consistent results.

In total, the dose-response analysis contained 
29 studies [12, 14–19, 23–26, 40–42, 44–51], with 
elevated road traffic noise increasing the risk of 
CVDs (RR 1.020, 95% CI 1.006–1.035, I2=90.6%, 
Pheterogeneity<0.001, Fig. 3). The Egger’s test (P=0.800) 
and funnel plot showed no publication bias (Supple-
mentary Material Fig. 2a). Sensitivity analysis showed 
a similar association. As 13 studies only reported road 
traffic noise as a continuous variable, 16 studies [14, 
15, 17–19, 23–25, 40, 42, 47, 48, 51] were included 
to fit the dose-response relationship curve. Finally, a 
positive linear relationship between road traffic noise 
and CVDs was observed (Pnonlinearity=0.339, Fig.  4a). 
We found evidence of heterogeneity among subgroups 
stratified by adjustment for age (P=0.009) and income 
(P=0.019), with a stronger relationship for studies with 
adjustment for age and income (Table 1).

Railway Noise and CVDs

For railway noise, the pooled RR for CVDs was 1.065 
(95% CI 1.016–1.116, I2=29.7%, Pheterogeneity=0.234, 
Fig.  2) in the dichotomous analysis of 4 studies [12, 
17, 23, 24]. In total, 8 studies [12, 14, 15, 17, 23, 24, 

Fig. 1  Flowchart of article 
selection
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44] were included in the dose-response analysis. The 
pooled RR was 0.986 (95% CI 0.968–1.004, I2=83.4%, 
Pheterogeneity<0.001, Fig.  3) for each 10 dB increment. 
Egger’s test (P=0.472) and funnel plot showed no pub-
lication bias (Supplementary Material Fig.  2b). Sen-
sitivity analysis showed consistent results. Because 
4 studies only reported railway noise as a continuous 
variable, 4 studies [12, 17, 23, 24] were finally used to 
fit the dose-response relationship curve. We identified 
a positive linear relationship between railway noise and 
CVDs (Pnonlinearity=0.759, Fig.  4b). The associations 
between railway noise and CVDs were not significant 
among most subgroups, but the heterogeneity reduced 

among the subgroups stratified by sex and adjustment 
for air pollution (Table 1).

Aircraft Noise and CVDs

For aircraft noise, the pooled RR for CVDs was 1.033 
(95% CI 0.983–1.085, I2 =0.0%, Pheterogeneity=0.556, 
Fig.  2) in the dichotomous analysis of 5 studies [15, 
17, 23, 24]. We included 8 studies [15, 17, 23, 24, 45] 
in the dose-response analysis which showed that the 
risk of CVDs increased by 1.6% (RR 1.016, 95% CI 
1.000–1.032, I2=72.7%, Pheterogeneity=0.001, Fig.  3) 
for each 10 dB increase. Egger’s test (P=0.612) and 
funnel plot indicated no evidence of publication bias 

Fig. 2  Forest plot of pooled relative risks for cardiovascular disease morbidity with road traffic, railway, and aircraft noise (highest 
versus lowest levels). RR, relative risk; CI, confidence interval; M, men; W, women
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(Supplementary Material Fig.  2c). Sensitivity analy-
sis showed consistent results. We found a positive lin-
ear relationship between aircraft noise and CVDs (n=4 
[14, 18, 19, 23], Pnonlinearity=0.592, Fig. 4c) and evidence 
of heterogeneity among subgroups stratified by sex 
(P=0.015) (Table 1).

Traffic Noise and Stroke

Road Traffic Noise and Stroke

Four studies [14, 18, 19, 23] were included in 
the dichotomous analysis for stroke. The pooled 
RR was 1.090 (95% CI 1.039–1.144, I2=75.7%, 
Pheterogeneity=0.006, Supplementary Material 
Table  5). We included 8 studies [14, 16, 18, 19, 
23, 26, 45] in the dose-response analysis, and the 
incidence risk of stroke rose by 3.4% (RR 1.034, 
95% CI 1.026–1.043, I2=0.0%, Pheterogeneity=0.478; 
Fig. 3) for each 10 dB increment. Employing Egg-
er’s test and funnel plot, we failed to detect pub-
lication bias (P=0.703, Supplementary Material 
Fig. 3a). Sensitivity analysis gave similar results. 
Four studies [14, 18, 19, 23] were included to 

model the restricted cubic splines, with a non-
linear correlation between road traffic noise and 
stroke observed (Pnonlinearity=0.001, Supplemen-
tary Material Fig.  4a). The curve rose rapidly 
until road traffic noise reached 62 dB and then 
flattened out.

Railway, Aircraft Noise, and Stroke

For railway noise, the pooled RR was 0.970 (95% CI 
0.810–1.150) for the dichotomous analysis which 
included 1 study [23] (Supplementary Material 
Table  5), while the pooled RR was 0.978 (95% CI 
0.964–0.993, I2=0.0%, Pheterogeneity=0.457, Fig.  3) for 
every 10 dB increment in the dose-response analysis 
of 2 studies [14, 23]. For aircraft noise, we included 
1 study [23] in the dichotomous analysis, obtaining 
a pooled RR of 0.930 (95% CI 0.780–1.110, Supple-
mentary Material Table  5). The dose-response analy-
sis involving two studies [23, 45] showed a summary 
risk estimate of 1.011 (95% CI 0.939–1.089, I2=0.0%, 
Pheterogeneity=0.989, Fig. 3) with each 10 dB increment.

Fig. 3  Summary relative risks for per 10 dB increment on road traffic, railway, and aircraft noise with cardiovascular disease and its 
subtypes. RR, relative risk; CI, confidence interval; MI, myocardial infarction; AF, atrial fibrillation; HF, heart failure
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Fig. 4  Dose-response associations of a road traffic noise, b railway noise, and c aircraft noise on risk of cardiovascular diseases by the 
generalized least-squares regression. RR, relative risk; CI, confidence interval

Traffic Noise and Myocardial Infarction

Road Traffic Noise and Myocardial Infarction

Six studies [15, 18, 25, 42, 43, 51] were used 
in the dichotomous analysis with the pooled 
RR of 1.037 (95% CI 0.949–1.133, I2=92.7%, 
Pheterogeneity<0.001, Supplementary Material 
Table  5). Sensitivity analysis gave consistent 
results. Although a potential linear relationship 
between road traffic noise and MI was identified 
(n=6 [15, 18, 25, 42, 43, 51], Pnonlinearity=0.081, 
Supplementary Material Fig.  4b), the pooled 
RR was nonsignificant (RR 1.019, 95% CI 
0.987–1.051, I2=91.0%, Pheterogeneity<0.001, Fig. 3) 
for each 10 dB increment in the dose-response 
analysis which included 10 studies [12, 15, 18, 
25, 26, 42, 43, 45, 50, 51]. Egger’s test and funnel 
plot detected no publication bias (P=0.890, Sup-
plementary Material Fig.  3b). Sensitivity analysis 
gave consistent results. The correlation between 
road traffic noise and MI was not significant 
among most subgroups, except for studies citing 
nighttime noise levels, with adjustment for age and 
income and without adjustment for air pollution 
(Supplementary Material Table 6).

Railway, Aircraft Noise, and Myocardial Infarction

For railway noise, the pooled RR was 0.970 (95% CI 
0.860–1.110) for the dichotomous analysis included 
1 study [12] (Supplementary Material Table  5). 
The pooled RR was 0.984 (95% CI 0.960–1.008; 
I2=66.5%, Pheterogeneity=0.084, Fig. 3) for each 10 dB 

increase in the dose-response analysis of 2 studies 
[12, 15]. For aircraft noise, we included 1 study [15] 
in the dichotomous analysis, and the pooled RR was 
1.071 (95% CI 0.977–1.174, Supplementary Mate-
rial Table  5). The dose-response analysis covering 
2 studies [15, 45] showed a pooled RR of 1.010 
(95% CI 1.003–1.017, I2=0.0%, Pheterogeneity=0.387, 
Fig. 3) with each 10 dB increment.

Traffic Noise and Atrial Fibrillation

Road Traffic Noise and Atrial Fibrillation

We included 4 studies [24, 43, 47, 48] in the dichoto-
mous analysis on AF. The pooled RR was 1.016 (95% CI 
0.987–1.045, I2=44.3%, Pheterogeneity=0.146, Supplemen-
tary Material Table 5). Although a potential linear trend 
between road traffic noise and AF was observed (n=4 [24, 
43, 47, 48], Pnonlinearity=0.203, Supplementary Material 
Fig.  4c), the pooled RR was nonsignificant (RR 1.000, 
95% CI 0.995–1.005, I2=34.0%, Pheterogeneity=0.195, 
Fig. 3) for every 10 dB increment in the dose-response 
analysis which included 5 studies [24, 43, 44, 47, 48].

Railway, Aircraft Noise, and Atrial Fibrillation

For railway noise, the pooled RR was 1.095 (95% 
CI 1.037–1.156) for the dichotomous analysis 
included 1 study [24] (Supplementary Mate-
rial Table  5). The pooled RR was 1.011 (95% 
CI 1.002–1.021, I2=12.7%, Pheterogeneity=0.285, 
Fig.  3) with every 10 dB increment in the dose-
response analysis from 2 studies [24, 44]. For 
aircraft noise, 1 study [24] was included in the 
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dichotomous analysis, and the pooled RR was 
1.036 (95% CI 0.931–1.154, Supplementary 
Material Table  5). The risk of AF increased by 
2.7% (RR 1.027, 95% CI 1.004–1.050, Fig.  3) in 
the dose-response analysis included 1 study [24].

Traffic Noise and Heart Failure

Road Traffic Noise and Heart Failure

For road traffic noise, 3 studies [15, 43, 51] were 
included in the dichotomous analysis. The pooled 
RR was 1.134 (95% CI 1.115–1.153, I2=7.9%, 
Pheterogeneity=0.337, Supplementary Material Table  5). 
In the dose-response analysis included 5 studies [15, 43, 
46, 49, 51], we observed a positive linear relationship 
between road traffic noise and HF (n=3 [15, 43, 51], 
Pnonlinearity=0.977, Supplementary Material Fig. 4d). The 
pooled RR was 1.050 (95% CI 1.006–1.096, I2=92.9%, 
Pheterogeneity<0.001, Fig. 3) with each 10 dB increment.

Railway, Aircraft Noise, and Heart Failure

For railway noise, the pooled RR for each 10 dB 
increment was 0.988 (95% CI 0.970–1.005, Fig. 3) in 
the dose-response analysis from 1 study [15]. For air-
craft noise, 1 study [15] was included in the dichoto-
mous analysis, and the pooled RR was 1.071 (95% CI 
0.977–1.174, Supplementary Material Table  5). For 
each 10 dB increment of aircraft noise, the pooled RR 
was 1.023 (95% CI 1.016–1.030, Fig. 3) in the analy-
sis included 1 study [15].

Discussion

We quantitatively evaluated the relationships between 
traffic noise from roads, railways, and aircraft sources 
and cardiovascular events (CVDs, stroke, MI, AF, and 
HF), finding a 2%, 3.4%, and 5% increase for the risk 
of CVDs, stroke, and HF, respectively, with per 10 dB 
increment in road traffic noise. For each 10 dB incre-
ment in railway noise, the risk of AF increased by 
1.1%. In addition, the risk increased by 1.6% for CVDs, 
1% for MI, 2.7% for AF, and 2.3% for HF for each 10 
dB increment in aircraft noise. We also found positive 
linear associations between road traffic, railway, and 
aircraft noise sources and risk of CVDs, between road Ta
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traffic noise and risk of HF, and a nonlinear correlation 
between road traffic noise and risk of stroke.

We found a positive correlation between road traffic 
noise and CVDs which was inconsistent with a previ-
ous meta-analysis that reported nonsignificant results 
[22]. The previous study, assessing the relationship 
between total transportation noise and CVDs, only 
included cross-sectional studies from 1980 to 2010. 
Health effects arising from traffic noise, however, 
could vary according to its sources, characteristics, and 
intensity [7]. Our meta-analysis included cohort studies 
with a large number of participants, thus providing suf-
ficient statistical power and increasing the reliability of 
the risk estimates. Although road transport is the main 
source of road traffic noise and air pollution, road traf-
fic noise still increased the risk of CVDs after adjust-
ing for air pollution in subgroup analyses, suggesting 
that road traffic noise is a risk factor for CVDs inde-
pendent of air pollution. Moreover, we found that age 
and income might be important confounding factors in 
the association of road traffic noise and CVDs, possi-
ble explanations being that hearing ability reduces with 
age and that socioeconomic status partly determines 
the type of house construction and the quality of sound 
insulation in those houses, all of which could affect the 
perception of noise and perhaps decrease the annoy-
ance caused by noise [14, 52].

A 2018 WHO review concluded that road traffic 
noise could increase the incidence risk of stroke [53]. 
Our meta-analysis reported a similar positive risk esti-
mate, contrary to previous meta-analyses [26, 54]. The 
meta-analysis published in 2022 combined both morbid-
ity and mortality risk estimates [26], possibly obscur-
ing the true relationship between road traffic noise and 
stroke. Previously, Dzhambov used a categorical meta-
analysis to evaluate a nonlinear trend in the relationship 
between road traffic noise and stroke [54]. This approach 
requires that included studies be similar in the fields of 
exposure assessment, noise metrics, and reference levels. 
Given that few studies meet this requirement, the results 
need to be considered with caution. We fully integrated 
available studies to evaluate the shape of dose-response 
relationships for stroke with restricted cubic splines, 
finding a similar nonlinear curve for road traffic noise 
and stroke with a leveling-off point at about 62dB, echo-
ing a previous study [14].

We found that the relationships between road traf-
fic noise and MI and AF were not significant, possi-
bly because most studies in the analysis adjusted for air 

pollution; yet road transport is a source of both road 
traffic noise and air pollution. These are highly corre-
lated, making it difficult to disentangle their effects on 
MI and AF. Further, sleep disturbance is thought to be 
a critical risk factor for AF [24, 55]. While Lden might 
not therefore be the most optimal metric for noise esti-
mation, most studies included in our analysis used this 
noise metric. It is anticipated that future studies will 
adopt a more targeted metric to explore the correlation 
between traffic noise and AF. We also synthesized the 
evidence of the correlation between road traffic noise 
and HF, finding that the incidence risk of HF increased 
with increments in road traffic noise, in alignment with 
previous studies [46, 51]. Additionally, the effect of 
road traffic noise followed a linear trend, with the risk 
of HF increasing from the low noise level. Neverthe-
less, the results should be interpreted cautiously owing 
to the high heterogeneity and small number of studies.

This is the only meta-analysis to date that quan-
titatively analyzes the relationships between railway 
and aircraft noise and all CVDs. We found the cor-
relation between railway noise and CVDs was not 
significant, which may be due to the fact that railway 
noise is usually perceived as less irritating than road 
traffic noise at equivalent sound levels [56], empha-
sizing the importance of the annoyance related to 
traffic noise. Additionally, there was a linear dose-
response trend between aircraft noise and CVDs, 
with an increased risk of CVDs at lower noise levels. 
These results should be interpreted with great cau-
tion, first because the lower limit of the 95% CI for 
aircraft noise was approximate to the reference and 
second because CVDs contain many subtypes and 
the number of studies that we included in the analy-
sis was relatively limited.

Currently, there are several principal ways in which 
noise affects the cardiovascular system. First, noise acts 
as a stressor that could trigger stress reactions via acti-
vation of the hypothalamic-pituitary-adrenal and sym-
pathetic adrenal medullary axes, causing the release of 
stress hormones such as adrenaline, noradrenaline, and 
cortisol [7, 57], subsequently inducing inflammation [8, 
9] and oxidative stress [10, 11, 58]. Annoyance caused 
by noise may disrupt the endocrine system, which also 
induces the release of stress hormones, ultimately lead-
ing to elevations in heart rate, blood pressure, lipids, and 
glucose, for instance [59–61]. Moreover, noise could 
also influence the cardiovascular system through sleep 
disturbance by increasing awakenings throughout the 
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night [62, 63]. These factors may result in endothelial 
dysfunction, oxidative stress, and inflammation, all of 
which are linked to the etiology of cardiovascular dis-
eases [7, 64]. In addition, long-term exposure to traffic 
noise has been related to known cardiovascular risk fac-
tors like obesity [65], diabetes [66], and hypertension 
[53].

The main strength of this meta-analysis is 
that we comprehensively investigated the rela-
tionships between chronic exposure to different 
sources of traffic noise and cardiovascular events 
and quantitatively evaluated the dose-response 
relationships of traffic noise and all CVDs, road 
traffic noise, and HF. In addition, currently eli-
gible cohort studies were included in this meta-
analysis, possibly providing adequate statistical 
power and minimizing recall bias. There are cer-
tainly some limitations to be noted. First, given 
the limited number of studies, we did not assess 
the potential linear or nonlinear trends for rail-
way and aircraft noise and stroke, MI, AF, and 
HF such that even the associations between rail-
way and aircraft noise and CVD subtypes should 
be interpreted with caution. Second, the study 
showed high heterogeneity in most analyses, but 
we performed subgroup analysis and meta-regres-
sion to explore the latent source of heterogene-
ity, finding potential evidence of heterogeneity 
in some analyses. Further, all studies were from 
Europe except for two Canadian studies. More 
studies outside Europe should be conducted to 
understand the effects on cardiovascular events 
from traffic noise across the world. Finally, even 
though the extracted risk estimate was adjusted 
for a series of variables, the results of this meta-
analysis might be influenced by other confound-
ing factors.

Conclusion

Long-term exposure to traffic noise is positively 
linked with the incidence risk of cardiovascular 
events in adults, especially road traffic noise which 
significantly increases the risk of all CVDs, stroke, 
and heart failure. Consequently, high-quality pro-
spective studies are urgently required to elucidate the 
effects of different sources of traffic noise on stroke, 

myocardial infarction, atrial fibrillation, and heart 
failure for better prevention of CVDs into the future.
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