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Abstract

Epidemiological studies have established that noise from transportation sources exceeding the safe limits elevates the risk for
cardiovascular diseases. The results however have remained heterogeneous. The present study was conducted to investigate the
association between road traffic noise exposure and prevalence of coronary artery disease besides sub-group analysis was
performed for identifying the most susceptible population. Traffic noise exposure was measured using the Lden metric in both
continuous and categorical forms. A cross-sectional study was performed and information about sociodemographic, lifestyle, and
health-related factors was collected. Noise level < 60 dB(A) representing the quiet areas was used as the reference group.
Univariate and multivariate logistic regressions were performed to estimate the odds for self-reported coronary artery disease
concerning road traffic noise after adjusting for confounding variables. The residents living in noisy areas were found to have a
2.25 times higher risk per 5 dB(A) increment in the noise levels (95%CI = 1.38 to 3.67). Males were at a higher risk of CAD (OR
= 2.61; 95% CI = 1.84 to 3.72) as compared to females (OR = 2.07; 95% CI = 1.37–3.13). The subgroup analysis revealed that
being sensitive to noise, belonging to a higher age group, reporting higher stress levels, and poor sleep quality were associated
with higher risk. The study also provides evidence that exposure to noise levels greater than 60 dB(A) is associated with the
prevalence of coronary artery disease in adults.
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Introduction

Transportation noise was identified as a significant source of
concern in the European Commission’s green paper on future
noise policy, which included the development of safe limit
criteria. Traffic noise is considered to be the second-worst
environmental stressor that affects human health, surpassed
only by air pollution. As per WHO (World Health
Organization), the number of healthy life years lost, expressed
as DALY (disability-adjusted life years), due to traffic noise

exceeds 1 million per year in European countries, with CVD
(cardiovascular diseases) accounting for more than 61,000
years, sleep disturbance accounting for 9,03,000 years, and
annoyance accounting for 6,54,000 years (WHO 2011). The
growing volume of evidence indicates that traffic noise may
also prove to be a significant risk factor for other health effects
like diabetes (Zare Sakhvidi et al. 2018) and stroke (Sorensen
et al. 2011) which will result in a substantial increase in
DALY estimates. The past few decades have seen a consider-
able change in the spectrum of diseases resulting in an in-
crease in the share of non-communicable diseases like CVD
in the overall global burden of disease (Cohen et al. 2017).
Chronic exposure to noise levels greater than 55 dB(A) has
shown to result in an increase in blood pressure, change of
respiration and heart rate, suppression of the central nervous
system, mental disorders, hypertension, diabetes, and even
interruptions in metabolism (Munzel et al. 2014; Brown
2015). Studies have reported road traffic noise being associ-
ated with cardiovascular morbidity and mortality (Babisch
2011; Munzel et al. 2014). However, the growing body of
evidence has not been able to garner enough attention as
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compared to other environmental issues like air and water
pollution even though noise pollution is considered to be the
main reason for the declining quality of life (Bluhm et al.
2019). The reasons for attaching lower priority to traffic
noise by the decision-makers can be due to the less aware-
ness about the problems or less familiarity with those ef-
fects of noise which are unspectacular as noise is insidious
and not catastrophic. As far as the general population is
considered, attaching lower priority to noise can be because
noise is very much a localized problem with different ef-
fects on the population. Despite these reasons, a general
international consensus has been reached regarding the un-
acceptable level of noise to which people should not be
subjected to protect health and quality of life.

Effects of noise based on gender, age, and noise
levels

Early studies conducted by Barregard et al. (Barregard et al.
2009) revealed that modeled traffic noise levels were signifi-
cantly associated with the prevalence of hypertension espe-
cially for the male population with a residence period of more
than 10 years. The association was not significant for the
female population. However, another study carried out in
Sweden revealed that there were no significant differences
based on gender for the association between the prevalence
of CVD and traffic noise (Bodin et al. 2009). The study re-
vealed that effects were significant for middle-aged (40–59
years) population as compared to young (18–39 years) and
old aged (60–80 years) population. A study conducted in six
European nations i.e., England, Italy, Sweden, Germany, the
Netherlands, and Greece, found that exposure to average daily
traffic noise levels was having a significant association for
CVD especially for men (Jarup et al. 2008). The study further
revealed that the risks increased with the increasing traffic
noise levels. In a study conducted in the USA, exposure to
traffic noise was associated with an increased prevalence of
CAD (coronary artery disease) among men aged less than 50
years (Gan et al. 2011). A study conducted in Madrid, Spain,
found that exposure to increasing noise levels can significant-
ly increase the risk for cardiovascular mortality especially in
people aged more than 65 years (Tobías et al. 2015). The
study also found that road traffic noise was the most signifi-
cant contributor to the overall environmental noise levels, with
a contribution of nearly 80%. Two community-based studies
have revealed that exposure to road traffic noise levels
(expressed in terms of 24-h average values) greater than 55
dB(A) can cause cardiovascular diseases in populations aged
more than 45 years. However, both studies differed in their
outcomes based on gender differences with one of the studies
reporting significant association for women and another
reporting no difference between the two (Leon Bluhm et al.
2006; de Kluizenaar et al. 2007). Another study carried out in

China revealed that exposure to traffic noise was a significant
risk factor for the development of cardiovascular diseases in
people aged (18–32) years with females being at higher risk
(Chang et al. 2009).

CVD has turned out to be the leading cause of mortality in
India (Srinath Reddy et al. 2005). In comparison to the
European population where only 23% of the mortality due
to CVD occurs before the age of 70 years, in the Indian pop-
ulation, nearly 52% of the mortality cases due to CVD occur
before the age of 70 years (Rashid and Khandaker 2007). The
past 20 years have witnessed a significant epidemiological
transition in India with non-communicable diseases becoming
more prevalent. This has been partly due to the efforts in
curbing infectious diseases thereby increasing the life expec-
tancy from 58.3 to 65.2 years and increasing the aged popu-
lation in the country during the same period. Consequently,
the burden of non-communicable diseases also increased with
a proportional increase in burden due to CVD (IHME 2010).

Pathophysiology associated
with cardiovascular diseases due to noise
exposure

As per the model proposed by Babisch (2003), an indirect
pathway leads to the development of CVD due to exposure
to environmental noise even at lower levels. The pathway
consists of disturbances in sleep, communication, and daily
activities followed by emotional and cognitive responses and
annoyance. This leads to a chronic stress reaction which
causes pathophysiological alterations in the immediate or
chronic timeframe thereby leading to adverse health out-
comes. Additionally, chronic stress can also lead to the devel-
opment of established cardiovascular risk factors like blood
pressure, high blood sugar levels, high blood viscosity, and
activation of blood clotting of its own, which can result in
CVD. The annoyance induced by traffic noise exposure is
an important moderator of the relationship between noise
and cardiovascular disease like hypertension and CAD
(Babisch et al. 2003). Besides exposure to environmental
noise has also been found to cause mental health issues like
anxiety and depression (Beutel et al. 2016) which have been
found to adversely affect cardiovascular health.

The explanation regarding the effects of noise on the car-
diovascular system based on molecular mechanisms is not
fully understood. The proposed mechanism states that activa-
tion of the autonomic nervous system and elevated levels of
stress hormones like cortisol (Babisch 2003; Babisch 2006,
2011; Babisch and van Kamp 2009) can lead to endothelial
dysfunction via the initiation of oxidative stress (Schmidt et al.
2013, 2015) followed by clotting of blood (thrombophilia)
and vascular inflammation (Charakida and Deanfield 2013).
In addition to endothelial dysfunction, high blood pressure,
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hyperlipidemia, fluctuations in the blood glucose levels, and
change in HRV (heart rate variability) due to stress hormones
can play an important role in the development of CVD and its
progression. The vascular dysfunction due to noise exposure
is of higher significance for individuals who have an
established CAD. Higher cortisol levels also lead to hypergly-
cemia through reduced insulin sensitivity (Aronson and
Rayfield 2002) and elevated levels of ghrelin hormone and
lower levels of leptin hormone (Chao et al. 2017) and both
these factors can cause cardiovascular problems including
CAD, atherosclerosis, myocardial infarction, and ischemic
heart disease.

Another mechanism explaining the role of traffic noise in
causing CVDs is sleep disturbances (Babisch 2014; Basner
et al. 2014). Traffic noise during the night can lead to sleep
fragmentation and sleep restriction which has been found to
exert negative impacts on various systems including metabol-
ic and endocrine systems. Acute and chronic sleep restriction
or fragmentation can cause inadequate secretion of insulin,
reduction of insulin sensitivity, and dysfunction of the arterial
and venous endothelial system. Reduced sleep both in terms
of quality and duration can lead to coronary artery calcifica-
tion which ultimately leads to CAD (Münzel et al. 2018,
2019). The role of nocturnal traffic noise becomes even more
important because cardiovascular responses to road traffic
noise are observed with no or very little signs of habituation
(Carter et al. 2002; Griefahn et al. 2008). Thus, long-term
exposures to nocturnal traffic noise can lead to dysregulation
and irreversible physiological changes that lead to an increase
in the risk of cardiovascular diseases. One such study conduct-
ed in Germany also found that nocturnal traffic noise was
independently associated with the development of atheroscle-
rosis and that being more close to the traffic increases the risk
(Kalsch et al. 2014). A systematic review of the available
literature concerning the impact of traffic noise on various
cardiometabolic systems was performed to update the WHO
environmental noise guidelines for the European region. The
study points towards the development of stress, reduction of
sleep quality, and sleep duration to be the most significant
paths responsible for negative cardiovascular outcomes (van
Kempen et al. 2018).

Urban morphology of Indian cities

Most of the Indian cities have a long history of development
comprising of both pre-independence and post-independence
periods. Indian cities present a mix of both these periods.
Some of the specific features of Indian cities include:

a) Improper delineation of residential and commercial areas:
In most Indian cities, residential areas are mixed with
commercial areas and located in the core of the city

known as CBD (central business district). In addition to
this commercial areas have encroached on residential
areas. Sometimes the development of new residential
areas is coupled with the growth of commercial areas
along roads or even within the residential buildings or
complex.

b) Unplanned growth of functional areas: Most of the cities
have a history of unplanned growth thereby resulting in
the mixing of various functional areas. However, newly
developed areas have come up as per proper planning
norms.

c) No segregation of residential zones based on economic
class: Most Indian cities have residential zones compris-
ing of people from all sorts of economic backgrounds.
Although the middle or upper class tends to relocate to-
wards the periphery regions, a considerable number of
lower-income class dwellings have also come up.

d) Less suburban growth: The feasibility of suburban areas
depends upon the availability of wide roads, cheap and
fast means of transportation. However, only a few Indian
cities like Mumbai, Delhi, and Kolkata have seen the
growth of suburban areas due to the availability of metro,
local trains, and robust transport bus services.

e) Irregular population density: Indian cities have witnessed
a sharp decline in the population density from the inner
core of the city towards the periphery. This is due to the
tendency to reside near the facilities like markets, hospi-
tals, and places of work. The peripheral areas are gener-
ally preferred by those with their means of transportation
so that they can easily undertake trips from home to other
places of interest.

Acoustical environment of Indian cities

Studies conducted across various cities of India witnessed
high environmental noise levels ranging from 70.1 to 120.4
dB(A). A major contribution to such high noise levels comes
from road traffic (Banerjee et al. 2008). The noise levels emit-
ted from vehicles often exceed the permissible values
(Goswami et al. 2011). The vehicular noise forming a major
component of environmental noise is characterized by fre-
quent honking. Studies have reported higher noise levels be-
ing reported from silence zones and lowest for residential
areas. However, the maximum and minimum noise levels
for silence and residential zones were above the permissible
levels as prescribed by CPCB (Central Pollution Control
Board). Continuous growth in population, transportation de-
mand, increase in the vehicle population, and frequent con-
gestion on roads intensify the noise levels. Exposure to such
high noise levels can result in various negative health effects.
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Improper planning regarding the layout of roads and high-
ways is often found to result in residential, commercial, and
industrial areas lying close to one another. A study carried out
in West Bengal, India, revealed noise levels up to 90 dB(A)
around silence zones due to improper layout of roads (Datta
et al. 2006). Studies have found residents considering traffic
noise to be most disturbing and often resulting in headache,
dizziness, high blood pressure, and fatigue (Pathak et al.
2008). WHO has listed several critical health issues due to
exposure to traffic noise at different time settings (Berglund
and Lindvall n.d.).

Traffic scenario of Indian cities

One of the main aspects of the economic growth of Asian
countries is rapid urbanization. According to the Asian devel-
opment bank, 44 million people are being added annually to
the urban population of Asia. With such an increase, there has
been an increase in the demand for mobility and a consequent
increase in vehicle ownership. As per Census 2011, India’s
urban population increased from 290 million in 2001 to 377
million in 2011, which accounts for a 30% increase in the total
population. The significant increase in the vehicle population
has overwhelmed the available traffic infrastructure resulting
in various problems including air pollution, noise pollution,
congestion, higher travel time, reduced traffic speed, and high
vehicle ownership cost. The heterogeneous traffic conditions
prevalent in urban areas include private cars, buses, trains,
trucks, auto-rickshaws, and animal-driven carts. The average
journey speed in the national capital is around 16 kmph while
it is slightly higher in Mumbai, the financial capital of India.
The growth in vehicular population is more than the growth of
population in most of the Indian cities, and the annual growth
generally ranges from 15 to 20% (Reddy and Balachandra
2010). As the urban population utilizes different transporta-
tionmodes for undertaking daily journeys, the modal choice is
influenced by a various set of factors comprising mainly of
social, economic, physical, and human. Even though the pub-
lic transport system offers strong competition, its market share
has shown a continuous decline. There is a gradual shift from
public transport towards private transport (Pucher et al. 2005).
Usage of two-wheelers and private cars are the most preferred,
while walking and bicycles, which were once an important
means of mobility, have taken a back seat. Motorcycles and
private cars are generally preferred by people in the age group
of 20 to 35 years, which forms nearly 60% of the population
(Reddy and Balachandra 2010). The increasing usage of pri-
vate means of transportation is an important factor that direct-
ly relates to the degradation of environmental quality and
higher energy utilization. The problem that policymakers are
facing is: whether policies should focus on accommodating
the growing levels of personal transport or should the policies

be focused towards discouraging the excessive use of personal
transport so that degradation of environmental quality and
other negative externalities could be reduced? The solution
to this problem could be the improvement of the public trans-
port system and also providing improvement in the quality of
transit, walking, and bicycling, by increasing accessibility
(Reddy and Balachandra 2010). The urban morphology char-
acteristics, acoustical quality, and traffic scenario prevalent in
most of the cities in India lead to higher noise exposure for the
resident population and thus can account for various negative
health effects including both auditory and non-auditory ef-
fects. Studies focusing on identifying the risk factors and
quantifying the risks are therefore highly recommended by
epidemiologists and concerned authorities so as to minimize
such effects.

Noise maps and facade maps

Traffic noise is one of the major sources of environmental
noise in both developed and developing urban areas which
makes an accurate and effective assessment of traffic noise
exposure important for decision-making authorities in these
urban areas. Noise maps are the most sophisticated means of
visualizing and understanding environmental noise. Some of
the important usages include:

(1) Illustrating the environmental noise exposure which can
serve as a reference for decision-makers.

(2) Quantification of the noise exposure level.
(3) To devise policies for controlling noise and also to en-

force noise control measures.
(4) It can prove helpful in devising a cost-benefit plan and

thus governments desiring to reduce noise levels.
(5) It can also help in monitoring the noise attenuation

schemes and their effectiveness during the implementa-
tion process.

(6) It also helps in providing a research platform for under-
taking studies focusing on the influence of noise levels
on the human body.

In addition to visualizing the acoustic environment of a
given area, noise maps also help in developing relations
between noise levels and traffic characteristics like traffic
speed, traffic composition, and road characteristics like
type of material used and the width of pavement.
However, the noise levels reaching facades of the different
urban buildings may not be the same as that of the sur-
rounding noise levels, due to various factors like ground
attenuation, atmospheric attenuation, and attenuation due
to other surrounding buildings. Therefore, facade maps
are developed for depicting the noise levels reaching the
facades of the buildings. This also helps in calculating the
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number of individuals exposed to different noise levels (Ko
et al. 2011).

Need for the study

Although review studies concerned with the association of
road traffic noise and CVD have established the association,
the epidemiological evidence has remained heterogeneous
and inconclusive (Belojevic et al. 2011; Davies and Van
Kamp 2012). The available literature and studies reporting
the association between road traffic noise and CVD have
remained limited to the developed world, whereas there is a
scarcity of such research from developing countries in general
and India in particular. During the literature review, it was also
found that the susceptibility to effects of road traffic noise
based on gender, age, and noise levels has remained hetero-
geneous. Therefore, this study was conducted to establish the
association of road traffic noise with the prevalence of CAD.
However, the literature review revealed that higher traffic
noise levels were presenting a higher risk for the prevalence
and incidence of CVD. Therefore, it was hypothesized that the
prevalence of CAD would be high in areas exposed to traffic
noise levels greater than 60 dB(A).

Primary objective

1. To evaluate the direct association of road traffic noise
with the prevalence of coronary artery disease among
adults

Secondary objectives

1. To find the most susceptible population in terms of age
group, lifestyle, and sociodemographic characteristics for
the development of CAD due to road traffic noise

2. To determine the threshold value of traffic noise beyond
which there is a significant increase in the risk of CAD

Methods

Sample size and questionnaire survey

The data collection was started on 18th August 2020 and
completed on 31st October 2020 taking a total of 9 weeks.
The areas close to the roadways (national highway, main ar-
terial roads, secondary and tertiary roads) were selected for the
survey in the main town of Baramulla district, located in north
India. The center of the area map was located, and the direc-
tion of starting the survey was chosen randomly by rotating a

bottle and the direction to which it finally pointed was chosen
as the direction of starting the survey. A door-to-door survey
was conducted by the authors and participants were selected
by consecutive sampling. The participants meeting the eligi-
bility criteria and giving informed consent were taken into the
study. A sample of 909 adults comprised the final study pop-
ulation. Only adults with age greater than 18 years were taken
into the study as the development of CAD below the age of 18
years is rare (Rubin and Borden 2012). The characteristic of
the study sample as compared to that of the target population
is given in Table 1. A structured questionnaire (Online
resource 1) comprising of 3 sections was used to obtain the
required information. After socializing with the members of
the family, the whole procedure and purpose of the survey
were explained in the local Kashmiri language. At least one
participant per household was interviewed during the process.
Participation in the survey was completely voluntary and ver-
bal consent was taken from the participants. No incentives
were paid to the participants of the study. The first section
enquired about the sociodemographic, living conditions, and
lifestyle-related questions, the second section consisted of
questions about noise sensitivity, and the third section evalu-
ated the self-reported stress levels and sleep quality.

Selection of covariates

One of the main issues concerning the estimation of unbiased
direct effects of an exposure variable on the outcome variable
is the selection of the appropriate number of covariates. For
the present study, the direct effects of traffic noise on CAD
were obtained by controlling for all the necessary mediators
and confounders through the usage of DAG (directed acyclic
graph) (Shrier and Platt 2008; Austin et al. 2019; Wouk et al.
2019). The development of DAG was done using the web-
based software DAGitty (Textor et al. 2011). The covariates

Table 1 A comparison of the characteristics of the study sample and
that of the target population. aSource: Municipal office of the town.

Characteristic Study sample Target populationa

Gender

Male 41.36 43.75

Female 58.64 56.25

%of individuals with age

18–40 years 29.72 31.26

40–70 years 53.12 50.62

> 70 years 17.16 18.12

Married 60.32 65.36

Educational level

Below graduation 37.85 35.23

Graduation or above 62.12 64.77
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used were based on the extensive literature review,
documenting the covariates’ associations with outcome and
exposure. Some of the covariates like “residence period,”
“bedroom window orientation,” and “sensitivity” that were
not obtained in the literature review but are considered to be
important for the associations between traffic noise and CAD
were also added to the developed model. The DAG models
were developed based on the perceived causal link between
traffic noise and CAD. The model is shown in Fig. 1. The
covariates required for the model were obtained through the
questionnaire survey. The DAGitty software evaluates the
minimum variable set that needs to be adjusted for estimating
the unbiased direct effects of traffic noise on CAD. In the

present study, the minimum variable set estimated included
“age,” “bedroom window orientation,” “body mass index,”
“chronic diseases,” “physical activity,” “sensitivity,” “sleep
quality,” and “stress level.” The residence period was also
considered to be an important factor hence was also included
in the model development.

Study instruments

Sensitivity to noise was measured by using a single item from
Weinstein’s Noise Sensitivity Scale “I am sensitive to noise.”
The six response categories were transformed into three as
follows: “low sensitivity” (disagrees strongly, disagree fairly),

Fig. 1 Directed acyclic graph for selecting the minimum required adjustment set of confounders or mediators based on the perceived causal association
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“medium sensitivity” (disagrees slightly, agree slightly), and
“high sensitivity” (agree fairly, agree strongly). The same pro-
cedure has been followed in another study as well (Sygna et al.
2014). For assessing the stress levels, modified PSS-10
(Perceived Stress Scale) scale originally developed by
Cohen et al. (Cohen et al. 1983) was used. The scale consists
of responding to 10 different situations on a Likert scale of 0 to
4 with 0 meaning “never” and 4 meaning “very often.” The
scale consists of 4 reverse-coded questions for which the re-
sponse code was subtracted from 4 to get the final score. The
respondents were classified as having “low stress” (if the total
PSS score was 0 to13), “moderate stress” (if the total PSS
score was 14 to 26), and “high stress” (if the total PSS score
was 27 to 40). The scale is a valid and reliable tool for the
Indian context as well (Pangtey et al. 2020). To measure the
sleep quality of the respondents, PSQI (Pittsburgh Sleep
Quality Index) scale (Smyth 2002) was used. The scale con-
sists of evaluating seven clinically relevant domains of sleep
during the past month in adults which include “subjective
sleep quality,” “sleep latency,” “sleep duration,” “sleep effi-
ciency,” “sleep disturbances,” “use of sleep medication,” and
“daytime dysfunction.” The respondents rated themselves on
a Likert scale of 0 to 3, where 3 reflected the “negative ex-
treme” on the Likert scale. The global score of the seven
components was divided into three levels with 0 to 1 meaning
“excellent sleep quality,” 3 to 5 meaning “good sleep quality,”
and 6 to 21 meaning “poor sleep quality.” The scale is a valid
tool for assessing sleep quality for the Indian population as
well (Manzar et al. 2015). BMI (bodymass index)-related data
was also reported by respondents in the questionnaire itself.
For stress levels, “low stress level” was chosen as the refer-
ence level, while for sleep quality, “good ” level was chosen as
the reference level, while as for sensitivity, “low” level was
chosen as the reference level.

Assessment of coronary artery disease

The cases were identified in two ways. One was the self-
reporting about the disease diagnosed by a doctor or qualified
medical practitioner, and the second one was a positive re-
sponse to the following two questions “During the last 5 years
have you been diagnosed with any of these diseases COPD,
Diabetes, Kidney Disease, High Total Cholesterol/Heart
Disease/High Blood Pressure?” and “During the past 5 years
have you been diagnosed with any of the heart-related issues
like myocardial infarction/angina pectoris?” A similar proce-
dure has also been reported from another study carried out in
West Bengal, India (Banerjee et al. 2014). To reconfirm the
positive cases, a photocopy of the latest available prescription
was requested from the respondents. All the collected photo-
copies were cross-verified by a qualified medical practitioner
independently.

The risk factors associated with CAD that have been
established in the literature, viz., family history, smoking,
physical activity, stress, presence of other comorbidities, edu-
cation level, BMI, sensitivity to noise, bedroom window ori-
entation, and self-reported sleep quality, were considered for
possible confounding.

Confounders/mediators for the association of road
traffic noise and cardiovascular diseases

Gender

It is one of the most important factors considered in studies
dealing with CVD. Although the incidence of CVD in women
is less as compared to men, many clinical shreds of evidence
have demonstrated that the mortality rate is high for women
due to poor prognosis following a severe cardiovascular event
(Di Giosia et al. 2017). Studies have shown that major forms
of CVD like CAD, heart failure, stroke, and aortic diseases
have seen higher or nearly similar percentages of women as
compared to men (Lerner and Kannel 1986; Hochman et al.
1999; Appelros et al. 2009; Writing Group Members et al.
2016). Possible reasons for the gender differences usually
are divided into two categories: one set of factors is known
as “common factors,” and the other set is known as a “women-
specific set of factors.” The common factors including age,
hypertension, total cholesterol, and low-density lipoprotein

cholesterol have more pronounced effects for men, while
smoking, diabetes, high-density lipoprotein, and triglycerides

have a more pronounced effect in women (Gao et al. 2019).
The women-specific factors include gestational diabetes
mellitus, pregnancy-induced hypertension, menopause, pre-
eclampsia, and polycystic ovary syndrome (Sattar and Greer
2002; Appelman et al. 2015).

Age

Age plays an important role in the increase of disease burden
due to CVD. A higher prevalence rate for CVD has been
found with the increase in age for both males and females.
The functional and electrical defects occurring in aged adults
are considered to be the most important reasons for the higher
prevalence of CVDs. Besides the development of other risk
factors like diabetes and obesity have been found to contribute
significantly towards a higher prevalence of CVDs.
According to American Heart Association for the years
2013–2017, the percentages of males and females in the age
group of 65–74 years diagnosed with hypertension was 70.8%
and 77.7%, respectively. However, the percentages of diag-
nosed hypertension showed a sharp increase to 80.0% and
85.6% for males and females, respectively, in the age group
above 75 years (Benjamin et al. 2019).
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Sleep disorders

There is increasing evidence which reveals that both sleep
duration and sleep quality have a significant effect on the
prevalence of CVD. The risks for CAD due to poor sleep
quality and duration are high in individuals aged 40 years or
above. There are several hypothesized mechanisms for the
role of sleep disorders in cardiovascular disease prevalence.
One of the possible explanations is the lowering of leptin
hormone levels and elevation of ghrelin hormone levels lead-
ing to the development of obesity and reduction of energy
expenditure, two of the most common risk factors for CVDs
(Taheri et al. 2004; Chandola et al. 2010; Lao et al. 2018).
Another possible explanation is the increased cortisol secre-
tion and alteration of growth hormone metabolism due to
sleep fragmentation caused by environmental noise in general
and nocturnal noise in particular.

Educational level

Educational level has been found to influence the risk of de-
veloping cardiovascular diseases. Studies have found that
lower levels of education are generally associated with higher
risks of dying due to any of the CVDs as compared to those
with higher levels of education (Kelli et al. 2019). The mech-
anisms underlying the link between educational level and car-
diovascular outcomes are likely multifaceted, involving a
complex interplay of poor health literacy exacerbating un-
healthy lifestyle habits and drug non-adherence. Without the
required education to encourage change, unhealthy habits are
more likely to persist, increasing the risk of CVD among those
who are less educated compared to those who are more edu-
cated. The lower education level to some extent can also serve
as an indicator of financial constraints which results in poorer
access to health centers, and thus, such a population can pres-
ent itself with advanced stages of cardiovascular outcomes
thereby increasing their risk of mortality and morbidity.

Physical activity

Regular physical activity reduces the risk of suffering from
cardiovascular events at an early age. The role of physical
activity in lowering the risk for CVD is also mediated by
lowering the risks for some of the well-known risk factors like
diabetes, hypertension, and obesity. Epidemiological studies
have found that physical activity is effective in the reduction
of cardiovascular events by 20% and an increase in life ex-
pectancy by 5 years (Winzer et al. 2018).

Bedroom window orientation

The role of bedroom window orientation in the development
of cardiovascular diseases is mediated by the changes in the

exposure levels. Studies have found that exposure to higher
levels of traffic noise due to bedroom window orientation
result in higher risks for the development of hypertension
and other CVDs (Leon Bluhm et al. 2006). Bedrooms with
windows facing the streets or roads can prove harmful as this
leads to exposure to traffic noise especially during nighttime,
thereby leading to the fragmentation of sleep structure without
the actual perception of the stressor.

Stress

Concerning CVD psychological stress takes special promi-
nence because of the obvious links between the brain and
heart. Stress forms an integral part of life and can come into
play when the individual feels not in control of the surround-
ing environment. The response of the body to stress occurs via
the “fight or flight” mechanism to maintain homeostasis. But
prolonged levels of stress can lead to the secretion of stress
hormones like cortisol, adrenaline which in the long run in-
crease blood cholesterol, blood sugar levels, and even blood
pressure, which are the common risk factors for CVD.

Smoking

Smoking is one of the major causes of CVD and approximate-
ly contributes to every fourth death occurring due to cardio-
vascular events. The mechanism behind the association of
smoking with CVD involves the inflammation of the cells that
line the interiors of the blood vessels. It also results in the
build-up of plaque inside the arteries, resulting in narrowing
down of the lumen of arteries and disturbing the hemodynam-
ic processes occurring inside the body.

Noise sensitivity

The link between noise sensitivity and CVD occurs indirectly.
The levels of psychological disturbance and noise recognition
are influenced by various factors of which individual factors
like noise sensitivity form an important part. Not all the indi-
viduals who are exposed to different levels of environmental
stressors like traffic noise are influenced similarly; thus,
variations have been found in terms of the prevalence of
diseases and other health issues among populations ex-
posed to similar noise levels. Studies conducted have found
that environmental noise levels exert their influence on the
health status of the exposed individuals via noise sensitivity
(Stansfeld and Shipley 2015). Therefore, epidemiological
studies assign more importance to noise sensitivity while
evaluating the relationship between traffic noise exposure
and CVD.
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Body mass index (BMI)

Body mass index is an indicator of obesity which forms an
independent risk factor for the development of CVD. The
relation between BMI and CVD can be explained due to obe-
sity itself and also on the other hand due to the association of
BMI with several medical conditions like hypertension, dia-
betes, insulin resistance, and reduced sleep quality. Obesity
can also lead to the activation of the inflammation process and
thereby resulting in atherosclerosis, a well-known risk factor
for CVD. Higher BMI levels also lead to hemodynamic
changes and also an increase in the aldosterone level which
can lead to endothelial dysfunction and ultimately result in
CAD (Ebong et al. 2014).

Usage of trap questions

One of the main issues that remain while getting feedback
from the respondents during a questionnaire survey is to en-
sure that respondents are paying full attention to each question
and replying to the best of their abilities. Although it is not
possible to ensure that respondents pay 100% attention while
replying, efforts should be put in so that the attention of re-
spondents can be ensured to the maximum. In this direction,
we used the concept of “trap questions.” We framed three
simple questions and randomly placed them at various posi-
tions in the questionnaire sheet. The three questions included
were:

& Mumbai is the capital of India (Yes/No).
& COVID–19 pandemic started in July 2020 (Yes/No).
& COVID–19 emerged from the USA (Yes/No).

Any response sheet having two incorrect replies was
discarded for further analysis. The selected questions were
such that even individuals with less knowledge could easily
respond to them. After the survey was finished, we found 6
response sheets that failed to meet the criterion. Knowing that
discarding the response sheet based on merely reporting in-
correctly to few questions may induce some degree of bias, a
further evaluation of these 6 response sheets was done. It was
revealed that all three trap questions were answered incorrect-
ly. Besides a patterned set of responses to other questions
along with a good amount of self-reporting questions were
left unanswered. This further strengthened our decision of
excluding these 6 response sheets. The usage of the attention
questions can help in ensuring the attention of the respon-
dents, especially when the respondents are not provided any
incentives for taking part in the survey. The lack of incentives
can make the respondents less interested, and hence, they can
provide inappropriate or inaccurate information. The imple-
mentation of such questions can be helpful in future research
as well.

Assessment of the noise levels

The noise levels to which the respondents are exposed were
obtained by using TNM 2.5 (Traffic Noise Model) model
developed by FHWA (Federal highway administration) which
is suitable for Indian road traffic conditions (Shukla et al.
2009). The noise level index was chosen as the average Lden

which takes into account the noise levels for daytime, evening
time, and also nighttime with penalties of 5 dB(A) for the
evening and 10 dB(A) for nighttime. Studies concerning traf-
fic noise and CVD differ in terms of the noise index used.
While studies using the average noise levels like Lden, Ldn,
Leq, day, and Leq,night consider that total noise exposure should
be considered while evaluating the effect of traffic noise on
cardiovascular outcomes (Selander et al. 2009; Begou and
Kassomenos 2020), other studies have based their associa-
tions using event-based indexes like IR (intermittency ratio)
(Basner et al. 2011; Héritier et al. 2017; Brink et al. 2019). The
usage of IR is based on the evidence which revealed that
temporal characteristics of noise also play an important role
in nocturnal awakening events. Evidence has shown that
event-related awakenings, cardiovascular arousals, and
body movements depend on maximum noise level, and as
such, the average noise levels cannot predict the cardiovas-
cular outcomes well (Héritier et al. 2017). Despite the het-
erogeneity, both the type indexes are being used in epide-
miological studies dealing with cardiovascular outcomes.
Noise maps and the facade maps of the area were prepared
using Soundplan V8.2 software from Braunstein & Berndt
GmbH, Backnang, Germany. The input for the maps in-
cludes GPS coordinates of the survey area, classified road
traffic volume, traffic speed, pavement surface type, the
height of the residential buildings, and lane width. The data
concerning road traffic volume and traffic speed were ob-
tained through videographic measurements. Pavement sur-
face type, the height of the residential buildings, and lane
width were obtained through field visits. For the grid noise
map, the grid space of 15 m and calculated 2 m above the
ground was selected. For the facade map, one receiver was
placed at the center of the facade and the maximum value
for a particular building was selected as the exposure level.
The noise map and facade map of the study area are shown
in Figs. 2 and 3, respectively.

Usage of noise maps and facade maps

Noise maps are generally used for representing the overall
acoustic environment of the area. In the present study, the
noise map developed was used for representing the overall
acoustic environment of the study area. It was also used to
divide the residential areas into quiet and noisy areas.
However, the exposure level and the number of individuals
exposed to different noise levels were estimated using facade
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maps. Areas with Lden < 60 dB(A) were classified as “quiet
areas” and those with Lden ≥ 60 dB(A) were classified as
“noisy areas.” Those respondents residing in the quiet areas
were selected as the reference group, and those residing in the
noisy areas were selected as the exposed group. The selection
of 60 dB(A) as the cut-off value was done because of two

reasons—firstly, the median value of the noise levels was
63.85 dB(A) for the study, and secondly, the threshold values
for Lden suggested is 50 dB(A) (Belojevic and Saric-
Tanaskovic 2002; Babisch 2006)—but due to different road
traffic conditions prevalent in India, a slightly higher value of
60 dB(A) was chosen.

Fig. 2 A 3D view of the study area and the noise map developed for the area

Fig. 3 Facade map of the study area with an enlarged view of the building facades
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Validation of the modeled noise levels

As the study utilizes the modeled noise levels for obtaining
the exposure level of residents, the validation of the
modeled noise levels becomes necessary. For this purpose,
32 sites were selected in the entire study area where noise
levels were measured using a Casella CEL-633C class 1
sound level meter, which was calibrated using Casella
CEL-120/1 class 1 acoustic calibrator. The modeled noise
levels were obtained directly from the noise map, while the
measured values were obtained from the field measure-
ments. The sound level meter was pre-installed at these
sites and 24-h noise measurements were taken. The Lden

(24 h) values were directly obtained from the Casella soft-
ware. The noise measurements were taken during the same
period as that of the questionnaire survey, i.e., 18th August
2020 to 31st October 2020. A paired sample t-test and
Pearson’s correlation coefficient were obtained to check
the validity of the modeled noise levels both statistically
and quantitatively. The results from the correlation analysis
revealed that there was a high and significant correlation
between the measured and modeled noise levels, r = .921, p
(two-tailed) < 0.01. A scatterplot between the modeled and
measured noise levels is shown in Fig. 4. On average, mea-
sured noise levels were slightly higher (M = 67.15, SD =
4.43) than the predicted noise levels (M = 66.82, SD = 4.91)
with (t(31) = .964, p = .343).

Statistical analysis

The data were stratified based on the gender variable, and
each stratum was subjected to parametric/non-parametric
tests for continuous variables and chi-square test for cate-
gorical variables stratified by the two exposure groups.
Continuous variables like age, noise level, residence peri-
od, and BMI were tested for normality using Kolmogorov-
Smirnov and Shapiro-Wilk test. Both the tests revealed a p
value < 0.001, suggesting that the data was not normally

distributed. For these variables, we, therefore, performed
the non-parametric Wilcoxon rank-sum test. For categori-
cal variables, we performed a chi-square test to compare the
differences between the two exposure groups. Univariate
logistic regression was done for each of the risk factors of
CAD. The association between the Lden index and the risk
of CAD (expressed as odds ratio) was evaluated both using
noise level as a continuous variable as well as the categor-
ical variable through logistic regression analysis. The odds
ratio was evaluated for unadjusted, partially adjusted, and
fully adjusted models. The partial adjustment was done for
age, residence period, stress levels, and BMI, while the full
adjustment was done for chronic disease, sensitivity, family
history, physical activity, bedroom window orientation,
and sleep quality, in addition to the variables of partially
adjusted model. Results from the analysis were represented
in the form of an odds ratio along with 95% confidence
intervals. All the analysis was performed using SPSS
V25.0 software.

Results

A total of 909 adults were selected for the study. Table 2
presents the descriptive statistics of the study participants.
The results are based on noisy and quiet areas for both males
and females. A total of 376 males and 533 females participat-
ed in the survey. Overall, the study sample was a good repre-
sentation of the target population. Both males and females
from the noisy and quiet areas differed in terms of age. In
addition to this males from noisy and quiet areas differed
significantly in terms of sensitivity. There was a significant
age difference for both males and females living in noisy and
quiet areas with higher-aged residents residing in noisy areas.
The exposure levels to which males and females were subject-
ed differed significantly with females being subjected to
slightly higher noise levels as compared to males. Overall,
the prevalence of CAD was 8.80% out of which 3.35% of
the cases were reported from quiet areas and 11.46% of the
cases were reported from noisy areas. The prevalence was
more in noisy areas for both males and females but males
reported higher prevalence as compared to females. In terms
of exposure, 32.78% of people were exposed to noise levels
below 60 dB(A), 22.66% were exposed to noise levels be-
tween 60 and 65 dB(A), 24.97% were exposed to noise levels
between 65 and 70 dB(A), and 19.58% were exposed to noise
levels > 70 dB(A).

The results from the univariate logistic regression for both
genders, showing the association between CAD prevalence
and independent risk factors, are shown in Table 3. For both
genders, age, residence period, BMI, presence of other chronic
diseases, bedroom window orientation, sensitivity, and sleep
quality were associated with the odds of self-reported CAD. In

Fig. 4 Scatterplot for the comparison between predicted and measured
noise levels
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addition to these factors, family history of CAD and physical
activity were significantly associated with the odds of self-
reported CAD for males. Smoking was only considered for

males as women in this part of the globe do not smoke. For
sleep quality and sensitivity, the odds for CAD were reported
by selecting appropriate levels as the reference levels.

Table 2 Characteristics of the respondents stratified based on gender and noise level around the residence

Characteristic Males (n = 376) Females (n = 533)

Quiet areaa

(n = 99)
Noisy areab

(n = 277)
p value Quiet areaa

(n = 199)
Noisy areab

(n = 334)
p value

Lden ( mean ± SD ) 53.87 ± 3.36 67.84 ± 4.96 < 0.001 54.40 ± 3.41 68.56 ± 5.11 < 0.001

Age ( mean ± SD ) 38.87 ± 12.51 49.95 ± 13.99 < 0.001 34.04 ± 7.48 56.33 ± 9.03 < 0.001

BMI ( mean ± SD ) 25.45 ± 2.32 25.72 ± 2.38 0.360 25.62 ± 2.45 25.56 ± 2.33 0.774

Residence period ( mean ± SD ) 9.58 ± 3.60 9.88 ± 3.81 0.560 9.94 ± 3.75 10.00 ± 3.84 0.895

Chronic disease (n) 0.729 0.269

No 68 185 150 237

Yes 31 92 49 97

Sensitivity (n) 0.001 0.581

Low 33 75 48 74

Medium 23 124 72 136

High 43 78 79 124

Stress (n) 0.350 0.926

Low 55 153 99 169

Moderate 32 75 53 91

High 12 49 47 74

Bedroom window towards road (n) 0.339 0.159

No 59 180 115 172

Yes 40 97 84 162

Family history (n) 0.939 0.195

No 88 247 170 298

Yes 11 30 29 36

Smoking (n) 0.524

No 51 153

Yes 48 124

Physical activity (n) 0.474 0.712

Sedentary 29 92 101 164

Active 70 185 98 170

Education level (n) 0.838 0.901

Below high school 8 28 24 36

Up to higher secondary 26 70 56 96

Above higher secondary 65 179 119 202

Sleep quality 0.537 0.174

Poor 34 105 61 94

Good 22 75 34 41

Excellent 43 97 104 199

Prevalence of disease 0.011 0.005

Yes 5 41 5 29

No 94 236 194 305

SD = standard deviation
aLden ≤ 60 dBA
bLden > 60 dBA
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Hierarchical logistic regression with relevant parameters
was performed for both males and females to evaluate the
odds for CAD given the exposure to a certain noise level.
For the unadjusted model, respondents living in the noisy
areas were having a higher risk (OR = 2.05; 95% CI = 1.09
to 3.84) as compared to those living in the quiet streets. When
the model was partially adjusted for age, stress levels, BMI,
and residence period, the risk increased slightly but signifi-
cantly (OR = 2.18; 95% CI = 1.29 to 3.70). After fully
adjusting the model, the risks associated with living in
noise areas increased to 2.25 (OR = 2.25; 95% CI = 1.38
to 3.67). For female respondents, the unadjusted model re-
sulted in the lower but significant risk for those living in
noisy streets (OR = 1.87; 95% CI = 1.22 to 2.89). Partial
adjustment of the model for females led to a small incre-
ment in the risk (OR = 1.97; 95% CI = 1.35 to 2.86). After
the model was fully adjusted, the risks associated with fe-
males living in noisy streets increased to 2.07 as compared
to those living in quiet areas (OR = 1.37 to 3.13). For male
respondents the unadjusted model resulted in lower risk for

those living in noisy areas (OR = 2.36; 95% CI = 1.14 to
4.88) as compared to when the model was partially adjusted
for age, stress levels, BMI, and residence period (OR =
2.44; 95% CI = 1.38 to 4.30). After fully adjusting the
model, there was an increase in the risk for those living in
noisy areas (OR = 2.61; 95% CI = 1.84 to 3.72). The results
are shown in Table 4.

To evaluate the threshold value for the traffic noise at
which the risk for CAD due to traffic noise becomes signifi-
cant, the noise level data was categorized using an interval size
of 5 dB(A). The levels were categorized from noise level
below 50 dB(A) (which was taken as a reference group) to
be more confident about the threshold value (Fig. 5). It can be
seen that a significant increasing trend in the risk for CAD is
beyond 60 dB(A). Below 60 dB(A), the risks for CAD are not
significant. For the range of 61–65 dB(A), the adjusted odds
ratio was 2.01 (95% CI = 1.05 to 2.97). Beyond this interval,
there was a significant increase of 4% and 9.45% in the risk
for the two remaining groups of 66–70 dB(A) and > 70
dB(A), respectively. Evaluation of the risk due to traffic

Table 3 Risk factors associated with coronary artery disease in adult population stratified by gender

Independent variable Male (n =376) Female (n=533)

UORa 95% CI p value UORa 95% CI p value

Age (years) 1.02 1.01–1.05 0.033 1.03 1.01– 1.06 0.019

RPb (years) 1.14 1.05–1.24 0.003 1.13 1.02–1.25 0.017

BMIc (kg/m2) 1.17 1.02–1.35 0.021 1.31 1.09–1.55 0.003

Physical activityd 1.93 1.03–3.61 0.039 1.43 0.69–2.98 0.340

Chronic diseasee 2.55 1.36–4.75 0.003 3.05 1.47–6.35 0.003

Smokingf 1.48 0.79–2.75 0.213

BWOg 3.51 1.85–6.65 < 0.001 3.03 1.37–6.72 0.006

Family historyh 3.14 1.45–6.82 0.004 2.23 0.92–5.41 0.075

Sensitivityi

Low Ref

Medium 5.07 1.71–15.09 0.004 8.07 1.04–62.45 0.046

High 4.54 1.49–13.89 0.008 11.06 1.45–84.18 0.020

Sleep qualityj

Poor 2.94 1.38–6.24 0.005 4.02 1.75–9.26 0.001

Excellent 1.43 0.58–3.51 0.433 2.33 0.76–7.18 0.140

Good Ref

aUOR unadjusted odds ratio
bRP residence period (in years)
cBMI body mass index (in kg/m2 )
d Physical activity has “active” as the reference level
eChronic disease has “no chronic disease” which was chosen as the reference level
fWas not reported for women
gBWO bedroom window orientation with “no means not towards the street” as the reference level
h Family history has “no family history” as the reference level
i Sensitivity has “low noise sensitivity” as the reference level
j Sleep quality has “excellent quality” as the reference level
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noise based on age group revealed an increasing trend in the
risk for suffering from CAD. The vulnerable population age
group with statistically significant risk was found to be
starting from 50 to 59 years with an odds ratio of 2.15
(95% CI = 1.08 to 3.21). Beyond this age group, the odds
ratio were 2.23 (95% CI = 1.11 to 3.35) and 2.31 (95% CI =
1.08 to 3.54) for the age groups of 60 to 69 years and > 70
years, respectively. This is shown in Fig. 6. The risk of
suffering from CAD due to traffic noise across the three
different levels of noise sensitivity revealed that respon-
dents withmedium sensitivity had a higher risk for suffering
from CAD with an odds ratio of 2.25 (95% CI = 1.19 to
3.32) as compared to the reference group (low sensitivity).

The risk was slightly higher among the respondents with
high sensitivity to noise and had an odds ratio of 2.39 (95%
CI =1.22 to 3.56) as compared to the reference group. This
is shown in Fig. 7.

The risk of suffering from CAD due to traffic noise among
respondents across different stress levels revealed that respon-
dents reporting “moderate” and “high” levels of stress were
having significantly higher risk as compared to the reference
group (low stress level). The risk for the occurrence of CAD
was 2.01 (95% CI = 1.05 to 2.97) and 2.17 (95% CI = 1.27 to
3.08) for moderately and highly stressed respondents, respec-
tively. This is shown in Fig. 8. Based on the sleep quality
reported by the respondents, “poor sleep” quality was

Table 4 Hierarchical logistic regression models for CAD prevalence for the complete sample and stratified for males and females. Odds ratio are
calculated per 5 dB(A) increment in the noise levels

Traffic noise level (Lden) Type of area CAD*

prevalence
Unadjusted model Partially adjusted

modela
Fully adjusted modelb

Continuous per 5 dB(A)
increment

(%) Odds ratio (95% CI),
p value

Odds ratio (95% CI),
p value

Odds ratio (95% CI),
p value

For full samplec Quiet area (Lden ≤ 60 dB(A)) 3.35 1 1 1

Noisy area (Lden > 60 dB(A)) 11.46 2.05 (1.09–3.84),
p = 0.001

2.18 (1.29–3.70),
p = 0.021

2.25 (1.38–3.67),
p < 0.001

Males Quiet area (Lden ≤ 60 dB(A)) 5.10 1 1 1

Noisy area (Lden > 60 dB(A)) 14.80 2.36 (1.14–4.88),
p = 0.013

2.44 (1.38–4.30),
p = 0.034

2.61 (1.84–3.72),
p = 0.014

Females Quiet area (Lden ≤ 60 dB(A)) 2.51 1 1 1

Noisy area (Lden > 60 dB(A)) 8.68 1.87 (1.22–2.89),
p = 0.017

1.97 (1.35–2.86),
p = 0.033

2.07 (1.37–3.13),
p = 0.029

*CAD coronary artery disease
aModel adjustments made for age, body mass index, stress levels, residence period
bModel adjustments made for age, body mass index, stress levels, residence period, chronic disease, sensitivity, physical activity, bedroom window
orientation, sleep quality

Fig. 5 Odds ratio for the risk of coronary artery disease based on noise
level. The model was adjusted for age, body mass index, stress levels,
residence period, chronic disease, sensitivity, physical activity, bedroom
window orientation, and sleep quality. OR, odds ratio; LCI, lower
confidence interval; UCI, upper confidence interval

Fig. 6 Odds ratio for the risk of coronary artery disease due to traffic
noise based on age groups. The model was adjusted for sleep quality,
body mass index, stress levels, residence period, chronic disease,
sensitivity, physical activity, and bedroom window orientation. OR,
odds ratio; LCI, lower confidence interval; UCI, upper confidence
interval
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associated with a higher risk for CAD due to traffic noise as
compared to the reference group (good sleep) quality. The risk
for the occurrence was 2.09 times higher (95% CI = 1.08 to
3.11). However, there was no statistically significant differ-
ence in the risk for CAD due to traffic noise for “good” and
“excellent sleep” quality. This is clearly shown in Fig. 9. All
the effect modifications based on age group, stress levels,
sensitivity, and sleep quality along with their significance
values are shown in Table 5.

Discussion

SouthAsian countries have experienced nearly 75%of the healthy
life years being lost due to cardiovascular diseases between 1990
and 2010 (Rehman et al. 2018). The region lacks the availability
of quality data regarding the risk factors of CVDs. Studies con-
cerned with the association of environmental stressors and CVD
have remained very limited, although the research in this area has
gained some momentum over the past few years. In the present

Fig. 7 Odds ratio for the risk of coronary artery disease due to traffic
noise based on sensitivity level. The model was adjusted for age, body
mass index, stress levels, residence period, chronic disease, sleep quality,
physical activity, and bedroom window orientation. OR, odds ratio; LCI,
lower confidence interval; UCI, upper confidence interval

Table 5 Output for the effect
modification across various levels
of age group, sensitivity, stress
levels, and sleep quality. The
models were adjusted for age,
sensitivity, stress levels, sleep
quality, bedroom window
orientation, chronic disease,
residence period, and physical
activity

Interaction term Odds ratio Lower confidence
interval

Upper confidence
interval

p value

(Traffic noise) × (Age)

Traffic noise × (Age)1
a 1.77 0.75 3.64 0.312

Traffic noise × (Age)2
b 1.83 0.88 3.79 0.286

Traffic noise × (Age)3
c 2.15 1.08 3.21 0.039

Traffic noise × (Age)4
d 2.23 1.13 3.35 0.041

Traffic noise × (Age)5
e 2.31 1.12 3.51 0.044

(Traffic noise) × (Stress)

Traffic noise × (Stress)1
f 2.01 1.05 2.97 0.031

Traffic noise × (Stress)2
g 2.17 1.27 3.08 0.025

(Traffic noise) × (Sleep quality)

Traffic noise × (Sleep quality)1
h 2.09 1.08 3.11 0.016

Traffic noise × (Sleep quality)2
i 1.51 0.82 2.40 0.156

(Traffic noise) × (Sensitivity)

Traffic noise × (Sensitivity)1
j 2.25 1.19 3.32 0.026

Traffic noise × (Sensitivity)2
k 2.39 1.22 3.56 0.029

a 30 to 39 years; b 40 to 49 years; c 50 to 59 years; d 60 to 69 years; e > 70 years; reference group: 20 to 29 years
fmoderate stress; g high stress; reference group: low stress
h poor sleep; i excellent sleep; reference group: good sleep
jmedium sensitivity; k high sensitivity; reference group: low sensitivity

Fig. 8 Odds ratio for the risk of coronary artery disease due to traffic
noise based on stress levels. The model was adjusted for age, body mass
index, sleep quality, residence period, chronic disease, sensitivity,
physical activity, and bedroom window orientation. OR, odds ratio;
LCI, lower confidence interval; UCI, upper confidence interval
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study, the assessment of the disease was based on the self-
reporting about the disease and was further confirmed from the
prescriptions thatwere requested from the respondents. Thismeth-
od is however in contrast to that of the European nations, where
medical records of the study area residents are used for the assess-
ment of disease. Being a rural area, medical records are not main-
tained both at the individual level and also at the official level.
Therefore, the best possible means under the given circumstances
were adopted in the study. The results from the present study
suggest a threshold value of 60 dB(A) beyond which the risk of
CAD becomes significant in the adult population. The results
concerning the threshold noise level reported in the study may
be on the higher side given thatWHO has estimated the threshold
values to be around 53–55 dB(A) (Münzel et al. 2019). The study
cautiously is suggestive of a linear trend for the exposure-response
relation between road traffic noise levels and CAD. The study
suggests a higher risk among men as compared to women which
coincide with the findings of previous epidemiologic studies
(Barrett-Connor 1997). The reason that can lead to such a result
may be due to the higher exposure to unhealthy behavior among
males like smoking, alcohol consumption, and exposure to phys-
ical hazards as compared to women (Luoto et al. 2000). Another
possible reason can be the exposure to high noise levels and
stressors without any control at workplaces for men as compared
to women (Li et al. 2019). In this part of the globe, females are
mostly homemakers and thus are not exposed to higher noise
levels, even though the residential building may be exposed to
traffic noise but having better control in reducing the exposure can
also lower the risk. Besides the attitude of males and females
towards traffic noise exposure as well as the pathophysiological
response to noise can also be a possible reason and thus needs
further investigation (Klæboe et al. 2004; Röösli et al. 2014). Self-
reporting about the prevalence of the disease can be thought to
introduce bias in the study, but previous studies have shown a

good correlation (kappa = 0.75) between self-reported outcome
disease and the actual diagnosis by a medical practitioner (Okura
et al. 2004). Several studies concerning the association of road
traffic noise exposure and CAD have been conducted but very
few numbers have achieved a significant association (Babisch
2006). A meta-analysis by Babisch (2014) has shown an 8%
increase in the risk for CAD among people exposed to traffic
noise levels between 52 and 77 dB(A). A study conducted in
Tokyo, Japan, revealed a significant risk of 3.1 for the population
exposed to traffic noise levels greater than 65 dB(A) (Yoshida
et al. 1997). Another study carried out in Tyrol, Austria, revealed
a risk of 2.1 for people exposed to noise levels greater than 60
dB(A), which matches the results from the present study (Lercher
et al. 2011).

In terms of the subgroup analysis, the study revealed an in-
creased risk for the occurrence of CAD due to traffic noise expo-
sure among residents reporting higher stress levels. Traffic noise
has been linked with the reporting of stress in the form of anxiety
and depression in many studies (Evans et al. 2001; Dzhambov
and Lercher 2019; Amoatey et al. 2020). The stress-induced due
to traffic noise leads to the secretion of the stress hormone cortisol
in the body to maintain homeostasis. But due to continuous ex-
posure, the stress hormones are released continuously which can
prove harmful as higher stress hormone levels lead to narrowing
of arteries, increase in the heart rate, blood cholesterol, and blood
sugar which are the known risk factors for CAD. The study also
reported a higher risk for respondents reporting poor sleep quality.
As the national highway runs through the study area, there is a
continuous movement of traffic, especially heavy vehicles and
army vehicles during evening and nighttime. This can lead to
disturbed sleep structure due to the noise produced during the
movement which may, in turn, lead to a decrease in the levels
of leptin (a hormone responsible for a decrease in appetite) and
elevate the levels of ghrelin (a hormone responsible for an increase
in appetite). This can lead to the uptake ofmore calories and lower
energy expenditure which may result in obesity, a well-known
risk factor for CAD. The reasoning is supported by other studies
as well (Taheri et al. 2004; Chandola et al. 2010; Lao et al. 2018).
The study also suggests higher risk with the increase in age and
significant risk is reported beyond 50 years. Due to aging, there is
an accumulation of damage at the tissue, cellular, and molecular
levels, thereby increasing the risk for morbidity and mortality.
With aging, there is a progressive deterioration of the heart and
vasculature that can lead to a higher risk for the development of
various cardiovascular diseases like CAD, hypertension, and
myocardial infarction (Costa et al. 2015). Also being sensitive to
noise, in general, increased the risk for CAD. People who are
sensitive to noise usually become anxious and annoyed due to
traffic noise. In response to higher levels of annoyance, mainte-
nance of homeostasis in the body due to the release of stress
hormones starts. These hormones can thus become a cause for
the higher risk of CAD.

Fig. 9 Odds ratio for the risk of coronary artery disease due to traffic
noise based on sleep quality. The model was adjusted for age, body mass
index, stress levels, residence period, chronic disease, sensitivity, physical
activity, and bedroom window orientation. OR, odds ratio; LCI, lower
confidence interval; UCI, upper confidence interval
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Strengths and limitations

The study inherited the following strengths:

a) The analysis was done by stratifying the data based on
gender and the risks were estimated for males and females
separately. This was done because studies have found
differences in the risks associated with CAD based on
gender (Babisch 2006; Davies and Van Kamp 2012).

b) Effect modification across various levels of the potential
mediators and confounders was performed to evaluate the
risk of suffering from CAD due to traffic noise.

c) A threshold value for the traffic noise exposure as well
as the threshold value in terms of the age of the exposed
population at which the risk for CAD becomes signifi-
cant was also proposed. This can prove beneficial for
the health authorities as well as noise regulating
authorities.

However, the study also has some associated limitations
which include:

a) Traffic noise levels reaching the interiors of the residential
buildings were not considered, which may have resulted
in the over-estimation of the exposure levels.

b) Risk factors like blood cholesterol, blood pressure, and
blood sugar which have also been found to affect the risk
for occurrence for CAD were not taken into account.

c) Some bias might have occurred during self-reporting of
the outcome disease. Some false-negative cases may have
been included due to the lack of knowledge about the
disease among the general population.

Conclusion

The study presents a cross-sectional design for assessing the
association between road traffic noise exposure and the preva-
lence of CVD. The study made use of the DAG procedure for
identifying the minimal set of covariates that needed to be ad-
justed so that unbiased direct effects of traffic noise on CAD
could be obtained. Concerning the primary objective of the
study, a significant association was found between traffic noise
exposure and the prevalence of CAD with higher risks for
noisy areas as compared to quiet areas. The study suggests
that traffic noise exposure (expressed as Lden) > 60 dB(A) is
significantly associated with the prevalence of CAD. The
subgroup analysis in terms of gender revealed that males
were having higher risks as compared to females. In terms
of personal characteristics like age, the threshold range var-
ied from 50 to 59 years, while in terms of sleep quality,
poor sleep quality was having significantly higher risk as

compared to the reference groups. In terms of the stress
level, both moderate and higher levels of stress were found
to have higher risks as compared to the lower levels of
stress. Being sensitive to noise also revealed a higher risk
for the prevalence of CAD as compared to the non-sensitive
population. The results from the study should be used after
giving due consideration to the limitations mentioned, the
inclusion of respondents greater than 18 years, and the
overall sociodemographic, environmental, geographical
conditions, and lifestyle of the study area before comparing
with any other study.
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