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Original Article
Noise exposure could increase the mortality of coronary 
heart disease: evidence from a meta-analysis

Wei Miao1, Lei Wang1, Ying Cui1, Feng Zhang1,2, Shuya Wang1,2, Nan Liu1,2, Guohai Su1, Xiaojun Cai1,2

1Department of Cardiology, Jinan Central Hospital Affiliated to Shandong University, Jinan, China; 2Shandong 
University College of Medicine, Jinan, China

Received December 31, 2015; Accepted March 22, 2016; Epub June 15, 2016; Published June 30, 2016

Abstract: Purpose: Quantification of the association between noise exposure and risk of coronary heart disease 
(CHD) mortality is still conflicting. Thus, we conducted a meta-analysis summarizing the evidence from epidemio-
logical studies to assess the association between them. Methods: Pertinent studies were identified by a search 
of PubMed and Web of Knowledge up to October 2015. The random effect model was used. Sensitivity analysis, 
subgroup analyses and publication bias were conducted. Results: Eight studies (6 cohort studies and 2 case-control 
studies) involving 23,749 CHD deaths were used in this meta-analysis. Pooled results suggested that highest noise 
exposure level versus lowest level was significantly associated with the increased risk of CHD deaths [summary 
RR=1.21, 95% CI=1.05-1.40, I2=37.5%], especially in European populations [summary RR=1.14, 95% CI=1.01-
1.30]. The associations were also found in the cohort studies and in the subgroup analysis of the method to as-
sess noise by modeling. Conclusions: Our analysis suggested that highest levels of noise exposure might increase 
the risk of CHD deaths, especially in European populations. As most of the current studies were from the Europe, 
additional studies are needed from other geographic locations and any further studies should adjust for more con-
founding factors.
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Introduction

Epidemiologic studies have demonstrated that 
air pollution is associated with increased coro-
nary heart disease (CHD) morbidity and mor- 
tality [1]. Meanwhile, accumulating evidence 
has suggested that community noise from  
road and air traffic is associated with an in- 
creased risk of CHD, especially on myocardial 
infarction (MI) [2-4]. In metropolitan areas, road 
traffic is a major contributor to ambient air pol-
lution and the dominant source of community 
noise [5, 6]. Persons exposed to higher levels 
of air pollution might also be exposed to ex- 
cessive traffic noise [5-7]. Therefore, it is pos-
sible that the observed associations between 
air pollution and adverse CHD outcomes dis-
ease and deaths could be confounded by  
community noise and vice versa [6]. Up to date, 
epidemiologic studies reporting the effect of 
noise exposure on CHD deaths risk conveyed 
conflicting results. Furthermore, due to small 
sample sizes, most studies were not adequate-
ly powered to detect the effect of noise expo-
sure on CHD deaths risk. Thus, in order to pro-

vide the latest and more convincing evi- 
dence, we systematically reviewed the current 
available epidemiologic studies to investigate 
whether noise exposure was associated with 
increased CHD deaths risk.

Materials and methods

Literature search and study selection

PubMed and Web of Science were searched 
from their inception to October, 2015 by using  
a combination of Medical Subject Headings  
and related common keywords were used in- 
cluding “noise” AND “coronary heart disease” 
OR “CHD” OR “ischemic heart disease” OR 
“myocardial infarction” OR “coronary artery dis-
ease” AND “mortality” OR “death”. No language 
restriction was applied. The search strategy is 
shown in Figure 1.

Studies meeting the following inclusion criteria 
were included: observational studies (prospec-
tive or retrospective cohort studies or case–
control studies); investigated the association 
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between noise and the mortality of CHD; 
reported adjusted odds ratios (ORs) or relative 
risks (RRs) and its 95% confidence intervals 
(CIs). If articles were from the same study popu-
lation, the largest study was included to avoid 
duplication of information.

Data extraction

Relevant data from each included study were 
extracted from each study: the first author’s 
name, country, study design, no. of cases/con-
trols, mean or median age, ethnicity, duration 
of follow-up, methods to assess noise, most-
adjusted ORs or RRs with 95% CIs, and match- 
ed or adjusted factors in the design or data 
analysis. Since study-specific data can be 
obtained from original articles, no authors were 
contacted.

Statistical methods

We calculated summary RRs of highest level 
compared with the lowest level of noise expo-
sure for the risk of CHD mortality using the ran-
dom-effects model by DerSimonian and Laird 
[8], which takes into account both within and 
between study heterogeneity. Heterogeneity 
between studies was evaluated using Q test 
and I2 statistics [9]. I2 is a measure of how much 

Results

Study identification and selection

Our systematic literature search yielded a total 
of 8 studies [3, 11-16] on noise exposure and 
CHD mortality risk in the final analysis. There 
are 1211 records were identified by searching 
the databases and hand-searching relevant 
bibliographies. Four hundred and ninety-eight 
records were excluded for duplicates and an 
additional 690 records were excluded based 
on the titles and abstracts. The remaining 23 
full-text articles were assessed for eligibility, 
and 15 were further excluded due to the rea-
sons present in Figure 1. The characteristics of 
these studies are presented in Table 1.

Highest versus lowest category

Data from 8 studies including 23749 CHD 
deaths were used in this meta-analysis. Two 
studies reported that highest noise exposure 
could increase the risk of CHD deaths, while  
no significant association was reported in 6 
studies. Pooled results suggested that highest 
noise exposure level versus lowest level was 
significantly associated with the increased risk 
of CHD deaths [summary RR=1.21, 95% 
CI=1.05-1.40, I2=37.5%] (Figure 2).

Figure 1. Flowchart of meta-analysis for exclusion/inclusion of studies.

of the heterogeneity that is 
due to between study varia-
tion rather than chance. I2- 
values of 25%, 50% and 75% 
indicates low, moderate and 
high heterogeneity respec-
tively. We conducted main 
analyses (all studies com-
bined) and stratified by study 
characteristics such as study 
design, sex, geographic loca-
tion and methods to assess 
noise. Sensitivity analysis was 
conducted to describe how 
robust the pooled estimator is 
to removal of individual stud-
ies. Publication bias was eval-
uated by means of Egger’s 
regression test [10]. The sta-
tistical analyses were con-
ducted using the software 
package Stata, version 10.1 
software (StataCorp, Texas, 
US).
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Table 1. Characteristics of the included studies

Author, year Country 
(year) Age Study  

design
Follow-up 

(years)
Participants 

(deaths)
Methods to 

assess noise RR (95% CI) Adjustment for covariates

Davies et al. 2005 Canada 30 Cohort 24 27464 (81) Modeling 4.00 (1.80, 9.30) Age, calendar year, and South Asian ethnicity

Mc Namee et al. 2006 England 37 Nested 
case-control

48 2202 (1101) Modeling 1.13 (0.92, 1.39) Systolic and diastolic BP, BMI, smoking, height and dura-
tion of employment

Heinonen-Guzejev et al. 2007 Finland 31-88 Cohort 15 688 (111) Questionnaire Male: 1.52 (0.73, 3.18) Age, noise sensitivity, hypertension, smoking and emphy-
semaFemale: 1.08 (0.48, 2.44)

Beelen et al. 2009 Netherlands 55-69 Case-cohort 9 117528 (3521) Modeling 1.15 (0.86, 1.53) Age, sex, smoking status and area level indicators of 
socio-economic status

Huss et al. 2010 Switzerland > 30 Cohort 5 4580331 (15532) Modeling 1.30 (0.96, 1.76) Sex and demographic, socioeconomic and geographical 
variables, air-pollution levels and distance to major roads

Gan et al. 2012 Canada 45-85 Cohort 4 445868 (3095) Modeling 1.22 (1.04, 1.43) Age, sex, preexisting comorbid conditions, and neighbor-
hood SES were included as covariates and air pollution

Suadicani et al. 2012 Denmark 53-75 Cohort 16 2998 (197) Questionnaire 0.97 (0.71, 1.33) Age, hearing impairment, blood pressure, diabetes, fasting 
serum triglycerides and HDL cholesterol, LDL cholesterol, 
glucosuria, cancer, BMI, alcohol, tobacco, leisure-time 
physical activity, and social class

RR, Relative risk; CI, Confidence interval.
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Table 2 reports the pooled RRs for noise expo-
sure and CHD deaths in combined all results 
and selected subgroups. In the subgroup analy-
ses, by study design, cohort studies showed an 
increased risk of noise exposure on CHD deaths 
with a RR of 1.29 (95% CI: 1.02-1.63), similar to 
the overall analysis. But, the association was 
not significant in the case-control studies. 
Regarding the type of geographic locations, the 
association was only significant in the European 
populations [summary RR=1.14, 95% CI=1.01-
1.30], but not in the North American and other 

ciation of noise exposure and CHD deaths risk. 
Egger’s test (P=0.271) and Funnel plot (Figure 
4) showed no evidence of significant publica-
tion bias between noise exposure and CHD 
deaths risk. 

Discussion

The present meta-analysis identified 8 obser-
vational studies investigating noise exposure 
on CHD deaths risk. Our analysis showed that 
noise exposure was associated with a 21% 

Figure 2. The forest plot of the relationship between noise exposure and risk of CHD mortality.

Table 2. Summary risk estimates of the association between 
noise exposure and CHD mortality risk

Sub-groups Deaths Studies RR (95% CI) I2 (%) Pheterogeneity

All studies 23749 8 1.21 (1.05-1.40) 37.5 0.130
    Study design
        Case-control 4622 2 1.14 (0.96-1.34) 0.0 0.923
        Cohort 19127 6 1.29 (1.02-1.63) 53.2 0.058
    Sex
        Male 1490 4 1.36 (0.92-2.03) 71.6 0.014
        Both 22148 3 1.22 (1.08-1.38) 0.0 0.848
    Geographic locations
       North America 3176 2 2.06 (0.65-6.53) 87.1 0.005
        Europe 20573 6 1.14 (1.01-1.30) 0.0 0.799
    Methods to assess noise
        Modelling 23330 4 1.26 (1.05-1.51) 55.0 0.064
        Questionnaire 419 3 1.04 (0.80-1.37) 0.0 0.544

populations else. When strati-
fied by methods to assess 
noise, there was a statistically 
significant association in the 
studies assessed by modeling 
(summary RR=1.26, 95% CI= 
1.05-1.51), but not in the stud-
ies assessed by questionnaire. 
Due to the limitation informa-
tion of the reported studies on 
sex, we only combined the 
results for male, as no studies 
reported the association for 
female only. However, we did 
not find significant association 
in the male population.

In sensitivity analyses (Figure 
3), no individual study had ex- 
cessive influence on the asso-
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increase in risk of CHD deaths when highest 
reported noise exposure was compared with 
lowest reported noise exposure. Moreover, this 
finding was consistent across sensitivity analy-
ses and most subgroup analyses, and no publi-
cation bias was observed.

An association between noise and CHD is bio-
logically plausible, and etiologic models of 
stress and heart disease have been proposed 
and extended to noise and heart disease [17]. 
Acute noise exposure activates the sympathet-

trol studies. Overstated association may be 
expected from the case-control studies be- 
cause of recall or selection bias, and early 
symptoms in patients may have resulted in a 
change in dietary habits. In our meta-analysis, 
the significant association was only found in 
cohort studies, but not in the case-control stud-
ies, while only 2 studies included were case-
control design. Second, the methods to assess 
noise are important, which can lead to overesti-
mation of the range of noise and underestima-
tion of the magnitude of the relationship 

Figure 3. Sensitivity analysis between noise exposure and risk of CHD mor-
tality.

Figure 4. Funnel plot for the analysis of noise exposure and risk of CHD mor-
tality.

ic nervous and neuroendo-
crine systems, causing the 
temporary increase of blood 
pressure and heart rate. Re- 
peated and prolonged expo-
sure to noise may lead to per-
manent effects, such as  
atherosclerosis, hypertension 
and ischemic heart disease 
[4]. In addition, exposure to 
high level of noise could 
increase the level of percep-
tive stress [18]. These pro-
mote the development of  
CHD and increase the CHD 
mortality.

As a meta-analysis of pub-
lished studies, our findings 
showed some advantages. 
First, this is the first com- 
prehensive meta-analysis of 
noise exposure and CHD de- 
aths risk based on highest 
versus lowest analysis. Se- 
cond, large number of partici-
pants was included, allowing 
a much greater possibility  
of reaching reasonable con-
clusions between noise ex- 
posure and CHD deaths risk. 
Third, no significant publi- 
cation bias was found, indi-
cating that our results are 
stable. 

Some limitations in this me- 
ta-analysis should be con-
cerned. First, a meta-analysis 
of observational studies is 
susceptible to potential bias 
inherent in the original stud-
ies, especially for case-con-



Noise exposure and CHD mortality

11035	 Int J Clin Exp Med 2016;9(6):11030-11036

between noise exposure and CHD deaths risk. 
In the present study, the association was only 
significant in the method of modeling, but not 
in the questionnaire. This may be caused by 
the bias of recall. Third, for the subgroups of 
geographic locations, the association was only 
significant in the European population, but not 
in the North America. Due to this limitation, the 
results are applicable to the Europe, but can-
not be extended to populations elsewhere. 
More studies originating in other countries are 
required to investigate the association bet-
ween noise exposure and CHD deaths risk. 

In summary, results from this meta-analysis 
suggested that the highest levels of noise 
exposure might increase the risk of CHD 
deaths, especially in European populations. As 
most of the current studies were from the 
Europe, additional studies are needed from 
other geographic locations and any further 
studies should adjust for more confounding 
factors.
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