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Abstract In public health, the impact of noise pollution
is a growing threat, given the estimated population
exposure of 130 million people with ambient noise levels
exceeding 65 dB. The WHO describes a direct relationship
between ambient noise and the development of ischemic
heart disease, due to noise overstimulating the autonomic
nervous system and neuroendocrine system, increasing
levels of cortisol and norepinephrine, which lead to the
development of cardiovascular pathologies. In Chile, the
Ministry of the Environment estimated that in the city of
Santiago, 3.7% of ischemic heart diseases were attributable
to high levels of ambient noise. The purpose of the study is
to estimate the impact of exposure to ambient noise on
cardiovascular morbidity during 2018-2020 in Chile. A
secondary data analysis of cardiovascular diseases in
individuals aged 15-65 years registered by the Department
of Statistics and Health Information was conducted, along
with data on the population exposed to ambient noise from
records of the Ministry of the Environment for the period
2018-2020 in Chile. Ambient noise data and emergency
consultations of a cardiovascular type were quantitatively
described, calculating the risk for ambient noise and the
number of attributable cases. A total of 1,029,796
consultations for circulatory causes were observed,
obtaining a global population rate of 2.04 per 100 exposed
to ambient noise. Risks for road traffic were calculated for:
Acute Myocardial Infarction, Cerebrovascular Accident,
and Hypertensive Crisis, obtaining 1,410, 5,879, and 8,551
attributable cases for their respective causes. In Chile,
cardiovascular diseases account for over 25% of total
causes of death, mainly associated with high rates of

hypertension, acute  myocardial infarction, and
cerebrovascular accident. During the period of 2018-2020,
the average dB recorded for ambient noise exceeded the
threshold established by the WHO, which could be
considered a risk factor for heart disease.
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1. Introduction

It is estimated that more than 130 million people are
exposed to environmental noise levels that exceed 65 dB,
and a large part of this population suffers from acoustic
pollution values above the limits established by the World
Health Organization (WHO) [1, 2]. The effects of acoustic
pollution on public health and the relationship with the
increase in the prevalence and incidence of cardiovascular
diseases and hypertension are investigated as an
environmental risk factor [3, 4]. The main acoustic
pollutant described is traffic noise, which has been
associated with a higher risk of developing ischemic heart
diseases, identifying a relative risk (RR) of 1.08 (95% ClI:
1.01-1.015). Furthermore, it is described that with an
increase of 10 dB of traffic noise in the range of 40-80 dB,
an RR = 1.36 is obtained [5].

Epidemiological studies indicate that noise is a
cardiovascular risk factor, associated with a stress response,
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which causes a response from the autonomic nervous
system with activation of the sympathetic system and the
neuroendocrine system, increasing circulating cortisol and
norepinephrine, leading to a low-intensity inflammatory
state that, when prolonged over time, can increase the
development of heart diseases [6, 7].

The Ministry of Health of Chile (MINSAL) [8] describes
cardiovascular disease as the leading cause of death in the
Metropolitan Region, with 151.79 cases per hundred
thousand inhabitants. In addition, the rate of hospital
discharge for ischemic disease fluctuates between 127.9
cases per hundred thousand inhabitants, with a distribution
of 40% for acute myocardial infarction, 33% for chronic
ischemic heart disease, 24% for angina pectoris, and for
other acute ischemic pathologies, 3%, identifying a
mortality of 6.3% associated with acute myocardial
infarction, being this described as the leading cause of
death in Santiago de Chile. In addition, from the Ministry
of Environment (MMA) [9], it was reported that only in
Santiago, Chile, 3.7% of ischemic heart diseases are
attributable to exposure to high levels of environmental
noise, the main source being noise emission from traffic,
mainly from transit and vehicle flow. It was also estimated
that 19% of the population is exposed to unacceptable noise
levels during the day and at night, with increases of up to
29% of the population exposed to unacceptable decibel
levels.

The study aims to estimate the impact of exposure to
environmental noise from road traffic on cardiovascular
morbidity, by describing exposure to environmental noise
and analyzing trends in emergency consultations for
cardiovascular issues, to know the cases attributable to
environmental pollution in Chile during the period from
2018 to 2020.

2. Materials and Methods

2.1. Design and Study Population

An ecological cross-sectional study design was
conducted, analyzing secondary data on cardiovascular
morbidity in individuals aged 15 to 65 years who presented
for emergency consultations for cardiovascular pathology
in public health systems in the cities of Santiago,
Concepcidn, Valpara®o and Vifa del Mar in Chile, cities
where daytime and nighttime environmental noise
monitoring was conducted during the period from 2018 to
2020.

2.2. Sources of Information for Data Collection

The analyzed data comes from two sources, the first
being from the Emergency Care Registration System of the
Department of Statistics and Information of the Ministry of
Health (DEIS), from which data on patients treated for

circulatory causes were obtained, considering the causes of:
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acute myocardial infarction (AMI), cerebrovascular
accident (CVA), hypertensive crisis, and other circulatory
causes. The second source corresponded to the Ministry of
Environment of Chile (MMA), from which records of
environmental noise monitoring from active stations were
extracted for the study period.

2.3. Data Analysis

A quantitative description of the data on emergency
consultations  for  cardiovascular  diseases  and
environmental noise was carried out for the communes
that had environmental noise monitoring during the study
period. The global exposure rate was calculated using the
formula TG = N<Consultations / Population > 15 years.
Subsequently, the data were analyzed and described by
comparing them with the values proposed by the WHO [10],
as acceptable for population health. This resulted in the
value of population attributable risk using the formula
PAR% = [Exposure Prevalence (RR-1)/1+ (RR-1)] *
100, which allowed for the calculation of the number of
attributable cases of emergency consultations for
cardiovascular pathology due to exposure to environmental
noise using the formula AC= (Cases VC * AR), where AC
corresponds to attributable cases, VC cases are the
observed frequency of cardiovascular cases, and AR is the
attributable risk.

2.4. Limitations and Biases of the Study

The main limitation of the study is the proposed design,
which contemplates the bias due to ecological fallacy.

The coverage of environmental noise measurement in
Chile is not homogeneous, and there may be a higher level
of contamination, which could be considered a bias that
underestimates the total number of attributable cases; this
bias was controlled by the analysis of data from the
population coming from cities that had environmental
noise monitoring.

The main confounding variables identified were, other
environmental variables, such as temperature and
atmospheric chemical pollutants that can have a similar
impact on the population, and this bias was controlled by
what was proposed by Rockhill et al. [11], who describe
the population attributable fraction using the formula P (D)
- YcP (DIC, E) P (C) / P (D), where P (D) is the average
probability of disease in the population (exposed and non-
exposed) during a specific time interval, and Y cP (D|C, E)
P (C) represents the marginal conditional probability of
disease given non-exposure averaged over confounding
factors; therefore, the estimated risks were adjusted for the
presence of these pollutants. In addition, the quality of
measurement of exposure to environmental noise is
controlled through precise measurements, given that an
official source responsible for controlling the quality of
daytime and nighttime noise was used.

Confounding bias related to other risk factors, such as
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smoking, obesity, sedentary lifestyle, alcoholism, and other
diseases such as diabetes was also identified.

The DEIS system does not classify cardiovascular
diseases according to ICD 10%, which presents a bias due to
misclassification.

2.5. Ethical Implications

The type of study design did not present ethical issues,
as all the information used is anonymous and extracted
from public information databases.

3. Results

In Chile during the period 2018-2020, a total of
1,129,796 consultations for circulatory causes were
recorded (Table 1), and a total of 1,008,977 cases were
observed in the group of 15-65 years.

Table 1. Distribution and classification of emergency consultations by
circulatory cause in Chile for the study period

2018 2019 2020
Cases of AMI 15,002 17,166 17,216
Cases of CVA 136,780 39,035 36,812
Cases of HTN 114,594 28,543 108,299
Cases of severe arrhythmias 25,287 112,951 26,328
Other circulatory causes 146,040 162,059 143,684
Total consultations 437,703 359,754 332,339
Cases group of 15-65 years | 330,146 351,569 327,262

Source: own elaboration from DEIS.

The population of the municipalities in Chile exposed to
environmental noise reached a total of 6,401,806
individuals (Figure 1), of which, for the year 2020, there
were a total of 130,719 consultations in emergency care
according to the municipalities under study. The rate of
global observed consultations for cardiovascular
pathology was 2.04 per 100 exposed to environmental
noise.

The MMA of Chile has a total of 14 environmental noise
monitoring stations, distributed in 10 stations in Santiago,
2 in Concepcid, and 2 in Valpara®o, from which
information was obtained for the analysis of environmental
noise. The environmental noise monitoring network
measures traffic noise, which is considered as the indicator
of continuous equivalent sound pressure level (Equivalent
Level) LEq., which corresponds to the temporal average of
the sound pressure squared. High levels of environmental
noise exceeding 55 dB were obtained for most of the
monitoring stations (Figure 2), only between 1:00 hrs to
6:00 hrs were levels of noise recorded below 55 dB at the

1DEIS http://cognos.deis.cl/ibmcognos/cgi-
bin/cognos.cgi?b_action=cognosViewer&ui.action=run&ui.object=/cont

ent/folder%5B@name=%27PUB%27%S5D/folder%5B@name=%27REP
ORTES%27%5D/folder%S5B@name=%27 Atenciones%20de%20Urgenc

Impact of Acoustic Pollution on Cardiovascular Diseases in Chile: Risk Analysis

Nufpa and Independencia stations, while in Cerro Navia,
Concepcién Centro, and Providencia, lower levels were
recorded between 1:00 hrs and 5:00 hrs.

Using environmental registration data for the exposed
population, an average of 2.7 million people were exposed
to daytime environmental noise of 68.21 dB and nighttime
noise of 68.21 dB during the study period in the cities of
Chile where monitoring is conducted (Table 2).

The estimated prevalence for the population exposed to
environmental noise was 11.92%, with the highest
prevalence of exposure being the population of the
Santiago commune with 24.93%.

In  the communes with environmental noise
measurement, there were a total of 7,405 consultations
attributed to HTN for the period 2018-2020, with a lower
limit (LL) of 3,022 and an upper limit (UL) of 12,090, with
the commune of San Bernardo presenting the highest
number of consultations attributed to HTN with a total of
440 (LL 176 - UL 704) consultations. Of the consultations
attributed to cases of AMI, a total of 1,410 cases were
obtained (LL 176 - UL 2,643), with the commune of Puente
Alto presenting the highest number of cases, recording 189
cases (LL 24 - UL 355); on the other hand, the commune
with the fewest cases was Padre Las Casas with 1
consultation attributed to AMI (LL 0 - UL 3). For the
consultations attributed to CVA, a total of 5,879 cases were
evidenced (LL 1,260 - UL 10,498), with the commune of
Temuco presenting the highest number of cases, with 711
attributed consultations (LL 152 - UL 1,270); conversely,
the commune of Macul had the lowest number of cases,
with 6 cases (LL 1 - UL 11).

The relative risk was obtained through ranges proposed
by the WHO [4], for three circulatory causes due to road
traffic noise. The AR was calculated, considering a global
rate of 12%, (Table 3). From the AR results obtained, it was
evidenced that the communes of Vifa del Mar and
Valpara®o presented the highest values regarding HTN
with 539 and 342 cases respectively; conversely, the
commune of Providencia had the lowest number of
attributable cases for HTN with 29 cases. For attributable
cases of AMI, the commune that presented the highest AR
was Concepcicn with a total of 142 cases, followed by
Santiago with 110 cases for AMI; conversely, the
communes of Las Condes and Nufba presented the lowest
number of attributable consultations for AMI with 7 and 9
cases. For CVA, it was obtained that the commune with the
highest AR was Santiago with 692 attributable cases,
followed by the commune of San Miguel with 663 and
Concepcicn with 651 attributable cases for CVA due to
environmental noise; however, the communes of El Bosque,
Nufpa, Las Condes, and Cerro Navia presented the least
number of attributable cases with 32, 33, 36, and 38 AR
attributable for CVA due to environmental noise.

1a%27%5D/report%5B@name=%27 Atenciones%20Urgencia%20-%20
Vista%20por%20semanas%20-%20Servicios%27%5D&ui.name=Atenci
ones%20Urgencia%20-%20Vista%20por%?20semanas%20-%20Servicio
s&run.outputFormat=&run.prompt=true#
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Figure 1. Population exposed to environmental noise in Chile in the period of 2018-2020
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Figure 2.  Average equivalent noise level in the 14 monitoring stations
Table 2. Exposed population to environmental noise in Chile during 2018-2020
Environmental noise
Year Exposed population
Daytime noise Nighttime noise
2018 2,422,312 69.74 dB 66.05 dB
2019 2,090,335 69.96 dB 65.15 dB
2020 3,590,216 64.93 dB 57.27dB

Source: own elaboration with data from the National Health Survey Chile (ENS) and the Ministry of the Environment (MMA).
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Table 3. Relative risk and attributable risk for circulatory causes

Causes RR Cl1 95% AR Cl1 95%
HTN 1.05 1.02-1.08 8,551 3,241 - 13,682
AMI 1.08 1.01-1.15 1,410 1-2,643
CVA 1.14 1.03-1.25 5,879 1,260 - 10,498

Source: WHO and own study data.

4. Discussion

Of the risk factors attributable to cardiovascular diseases
in Chile, it has been described that 70% of deaths due to
cardiovascular causes can be prevented through the
intervention of potentially modifiable risk factors,
highlighting among them smoking, excessive salt
consumption, low consumption of fruits and vegetables,
sedentary leisure time, alcohol consumption, obesity,
arterial hypertension, and diabetes mellitus [12].
Additionally, psychosocial and environmental risk factors
that include daytime and nighttime noise are considered
potentially preventable risk factors [2].

Environmental noise pollution is described as one of the
main harmful environmental risk factors for cardiovascular
health worldwide [2]. Multiple epidemiological studies of
risk analysis allowed the creation of the guidelines
proposed by the WHO [1, 5, 10], where the RR for different
types of cardiovascular causes due to prolonged exposure
to high levels of dB from daytime and nighttime
environmental noise is identified, with the causes of HTN,
CVA, and AMI recognized as the main ones related to the
pollutant resulting from vehicle traffic emissions [13]. This
information was crucial in the research, as knowing the RR
of the studied risk factor allowed obtaining the population
AR for the population of Chile, where a greater relationship
of cases of HTN attributable to environmental noise was
obtained during the study period, being the most consulted
cause in health services from 2018 to 2020, in addition to
being the most frequent for different age groups, an
alarming situation from the perspective of public health
management, given that in Chile the main cause of death,
with 25% of cases, has been described as heart diseases
related to high rates of arterial hypertension and is also
described as the third cause of loss of healthy years of life
[14, 15], having an economic impact attributable to the
diagnosis and treatment of cardiovascular diseases
estimated at $1.4 billion dollars, which represents 4.2% of
the total health expenditure for Chile [16]. The heart
diseases related to the high national mortality rate are due
to strokes and acute myocardial infarction, with 46.4 and
44.8 per 100,000 inhabitants, of which 70% of the cases are
attributable to modifiable risk factors [17].

Scientific evidence describes a greater relationship of
exposure to nighttime noise from traffic with alterations in
cardiovascular health, where continuous exposure during
nighttime alters the sleep of individuals, this stage being

key in the development of hypertension, because during
sleep blood pressure continuously decreases favoring the
long-term restoration of the cardiovascular system.
Therefore, repeated autonomic awakenings due to noise
prevent the drop in blood pressure contributing to the risk
of developing hypertension [18]. Moreover, hypertension
is related as a main factor of morbidity and mortality of
cardiovascular risk, as it increases the risk of acute
myocardial infarction and cerebrovascular accidents [15].
In Chile, it is considered one of the conditions with the
highest disease burden, having a greater impact on people
over 35 years old and being associated with the population
of lower socioeconomic resources, evidence that can be
observed in the study where a higher rate of consultations
related to HTN was observed in communes of Chile that
presented lower socioeconomic levels [19, 20]. The
consultations related to CVA represented the second
leading cause for the study period, according to Roa et al.
[21], and CVA is the second leading cause of death
worldwide and the leading cause of disability, being
described in Chile as the main cause of death and the first
specific cause of years of life adjusted for disability in the
population over 74 years old. According to Serensen et al.
[22], exposure to noise from residential traffic is associated
with a higher risk of CVA in the population over 64.5 years,
showing an increase in risk for every 10 dB increase in
noise level, where the evidence observed in Chile is
alarming given the daytime and nighttime dB records
obtained in this study, since the WHO guidelines [4, 10],
establish acceptable levels for daytime <65 dB and
nighttime <55 dB, which highlights the impact that
acoustic pollution may be having on the local population.

Of the other circulatory causes recorded by the DEIS,
such as severe arrhythmia, it was not possible to obtain the
population-attributable risk, due to lack of data related to
the RR.

The study considered the traffic of vehicles for Chile,
given that the records of environmental noise establish it as
the main source of noise in the site where the monitoring
equipment is installed [9]; however, in the country, there
are other sources of environmental noise, such as air traffic,
railway, port noise, and occupational noise, so it is likely
that there is a greater RR than described by the WHO
guidelines [1, 2, 4], mainly due to the conditions under
which the data is obtained, which may be underestimating
the national situation regarding the risk of exposure to
environmental noise.
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The exposure of the population to environmental noise
leads to a chronic stress stimulus, which affects the
autonomic nervous system, leading to an increase in heart
rate, an increase in blood pressure, and an increase in
norepinephrine concentrations, causing an increase in
cortisol release, which impacts the low-grade inflammatory
state that, sustained over time, generates a gradual increase
in blood pressure [7]. Considering that the causes of CVA
and AMI are the main causes of cardiovascular death in
Chile, this study becomes relevant, given that an
intervention in mitigation measures for the pollutant would
have an effect on reducing at least 8,500 cases of
consultations related to HTN, 5,800 cases of CVA, and
1,400 cases of AMI.

5. Conclusions and Recommendations

The data obtained in the study can present a significant
variation from the national reality given the design that
leads to ecological fallacy, for this reason it becomes
imperative to conduct prospective cohort studies to know
the relative population risk of Chile considering the
different sources of environmental noise emissions and the
main confounding factors related to heart diseases among
them smoking, diet, sedentary lifestyle, alcohol
consumption, comorbidities such as diabetes mellitus and
other environmental pollutants.

Another limitation of the study is related to individual
perception of the sound stimulus, since the noise waves
when emitted do not maintain their intensity; therefore,
there are factors that can modify the exposure such as the
location of the population and the quality of acoustic
insulation.

Due to the economic impact of heart diseases on the
population of Chile, it is imperative to establish a
regulation of environmental noise through public policies
where environmental noise monitoring is carried out that
covers the entire national territory, with the purpose of
mitigating and controlling the rates of cardiovascular
consultations.
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