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Introduction

1.1 Noise as an environmental health problem

Road traffic is a prominent source of environmental noise exposure in urbanized areas.
Because of its common presence, traffic is a source of exposure that is not easy to avoid.
As a consequence, it is affecting a substantial proportion of residents in their homes, and
in their living environment more in general. In view of reducing the number of people
affected by environmental noise exposure, the European Environmental Noise Directive
(END) was adopted in 2002, geared towards the assessment and management of

environmental noise.

Over the last decades it has become increasingly recognised that environmental noise
exposure in the living environment may lead to adverse health effects. Annoyance and
sleep disturbance, mainly related to road traffic noise, are considered to be the most
prominent noise effects (WHO, 2011). For these effects exposure response relationships
have been established (Miedema and Oudshoorn, 2001; Miedema and Vos, 2007).
During the last decades, in laboratory studies, field studies and epidemiological studies,
it has been studied if and how noise exposure may lead to further adverse health effects.
Evidence for a relationship between long term exposure to noise and stress related
health effects, including cardiovascular disease, is increasing (Babisch et al., 2008; WHO,
2011; Van Kempen and Babisch, 2012; Basner et al., 2013; Babisch, 2014).

In the Netherlands, road traffic noise has shown to be a prominent source of noise
exposure and related annoyance. The 6™ national ‘Annoyance Inventory’ (In Dutch:
‘Inventarisatie Verstoringen’), a large face-to-face questionnaire study conducted in 2008
(N > 1200), identified road traffic noise as the main source of noise annoyance in the
Netherlands, amongst a broad range of other source types evaluated (including rail and
air traffic, neighbour and ‘outdoor activity’, industry, building and construction, and
recreational activity). Furthermore, road traffic noise was found to affect a considerable
proportion of inhabitants (with 18 % annoyed; 6 % highly annoyed), followed by noise
from neighbours (with 14 % annoyed; 5 % highly annoyed) (Van Poll et al., 2011). The
percentage of the population exposed to road traffic noise levels exceeding 55 dB Lge,
has been estimated to be approximately 30 % in the Netherlands (Van Kempen and
Houthuijs, 2008). Based on the existing exposure-response relationships for annoyance
and sleep disturbance (Miedema and Oudshoorn, 2001; Miedema and Vos, 2007) the
number of people highly annoyed and highly sleep disturbed in the Netherlands was
estimated at 640,000 and 290,000, respectively (Van Kempen and Houthuijs, 2008).
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Because of the large numbers of people affected, the estimated total burden of disease
attributable to environmental noise is rather high. The WHO estimated the amount of
healthy life years that are lost every year due to traffic related noise in the Western part
of Europe to be at least one million. From all health effects that were taken into account
in this study, sleep disturbance and annoyance, mostly related to road traffic noise
exposure, were estimated to comprise the main burden of environmental noise (WHO,
2011).

Noise takes a prominent place between other environmental risk factors. In 2011, the
European Environmental Burden of Disease (EBoDE) working group estimated the
environmental burden of disease for nine prominent environmental stressors, in six
European countries, including the Netherlands. For the Netherlands, this study estimated
traffic noise to be the second most important environmental stressor, after particulate
matter, amongst a range of environmental stressors considered, including particulate
matter (PM2.5), traffic noise, second hand smoke (SHS), radon, dioxins, lead, ozone,
benzene, and formaldehyde (Hanninen and Knol eds., 2011). In a RIVM report on trends
in the environmental burden of disease (Knol and Staatsen, 2005), the burden related to
road traffic noise was estimated to increase between 2000 and 2020, up to a level

comparable to the burden related to traffic accidents.

Despite abatement measures, road traffic noise is expected to be a persistent
environmental health problem in the Netherlands. While between 2000 and 2010 noise
exposure from main roads in the Netherlands (In Dutch: rijkswegen) and railway traffic
has decreased by measures such as the use of lower emitting road surface types and
placement of noise screens, road traffic noise exposure related to the other parts of the
road network, particularly in the built environment, typically has increased over the
years (CBS, PBL and Wageningen UR, 2012). With the current trend of increasing
urbanization (Hilbers et al, 2011; Cohen, 2006), and the large numbers of residents
involuntary affected, road traffic noise exposure may be expected to be a persistent
environmental health problem not only in the Netherlands, but worldwide. With the
increasing amount of information becoming available on the adverse effects of
environmental noise, the need for a higher level of protection of residents is becoming

more widely recognised.

A working group of noise experts, set up by the European Commission to provide
guidance on cost-effectiveness of noise reduction measures, recommended that to
effectively reduce road traffic noise exposure a combination of both (internationally

defined) source oriented measures and exposure oriented measures is needed. It was
10
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concluded that, while source related measures may have the potential to be by far the
most effective, especially for road traffic, exposure measures are necessary in addition to
effectively tackle the problem (WG HSEA, 2005).

1.2 Pathways for health effects of long term noise exposure

The hypothesized pathway leading from noise exposure to cardiovascular health effects
involves stress responses that may, in the long term, cause adverse health effects (Figure
1.1). Noise can be viewed as a stressor, inducing physiological effects either directly or
indirectly through disturbance of sleep, communication, or activities. Exposure to noise
may affect the autonomic nervous system and the endocrine system, subsequently
inducing biological responses such as changes in heart rate and levels of stress hormones
(e.g., Evans and Lepore, 1993; Ising et al., 1999; Babisch, 2002; WHO, 2011). It has been
hypothesized that this may, possibly in combination with other factors, lead to increases
in biological risk factors (e.g., blood lipids, blood pressure, blood glucose, blood
viscosity), which may in the long term increase the risk of manifestations of
cardiovascular diseases such as hypertension, arteriosclerosis, ischemic heart disease
and stroke (Babisch, 2001, Babisch, 2002; Basner et al., 2013). Long term cardiovascular
health endpoints in relation to environmental noise exposure that have been studied
mostly, include hypertension and ischemic heart disease (Basner et al., 2013). Recently,
epidemiological studies have found indications for an association between road traffic
noise and stroke (Sgrensen et al.,, 2011; Floud et al.,, 2013). The number of large
epidemiological studies is however still limited, and one important potential confounder
that has not been taken into account in most studies is air pollution, which has also been
linked to cardiovascular outcomes. This has raised the question if and to what extent
associations found for road traffic noise in epidemiological studies, may in part be

explained by air pollution and vice versa.

11
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Figure 1.1 The noise reaction model: hypothesized pathway for the effects of road
traffic noise (adapted from Babisch, 2002)

13 Objectives

This thesis focuses on the long term effects of road traffic noise. Central research

questions that are investigated are:

1. What is the association between long term night time road traffic noise exposure
(Lnignt) and self-reported sleep problems, including the after effect (medication use,
morning tiredness)?

2a. What is the association between road traffic noise and the prevalence of
hypertension, taking air pollution into account?

2b. What is the association between road traffic noise and the incidence of
cardiovascular events, taking air pollution into account?

3. Does a relatively quiet fagcade reduce adverse effects of exposure: How does
exposure at the least exposed side of dwellings affect annoyance?

12
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The first aim contributes to further exploring the hypothesized mechanism for the effects
of road traffic noise. The second aim contributes to increasing insight in the effects of
road traffic noise, taking into account air pollution as a potentially important
confounder. The third aim contributes towards a more complete characterisation of
personal exposure, as well as providing insight into the potential impact of reducing
noise exposure at the least exposed side, as an effect abatement measure. In the
following paragraphs (1.4, 1.5 and 1.6) these 3 topics are discussed in more detail.

1.4 Noise induced sleep disturbance as a pathway

One of the above mentioned hypothesized pathways through which noise exposure may
lead to adverse health effects in the long term, involves the disturbance of sleep (Babisch
et al.,, 2002; WHO, 2009).

Sleep is commonly recognised as important for human functioning. During sleep people
recover both physically and mentally, and there is increasing evidence that sleep benefits
memory consolidation (Marshall and Born, 2007; Drosopoulos et al., 2007). It has
become commonly recognised that sleep affects cognitive performance. In addition,
experimental studies have shown effects of sleep loss on changes in the immune and
endocrine systems, as well as inflammatory changes. Insufficient sleep related
alterations in established cardiovascular risk factors (e.g., blood pressure and
inflammation) have been hypothesised to underlie the relationship with cardiovascular
pathogenesis (e.g., Mullington et al., 2009; Faraut et al., 2012). In line with the findings
from experimental studies, epidemiological studies have shown associations between
long term sleep complaints and increased morbidity, including cardiovascular disease
(Schwartz et al., 1999; Leineweber et al., 2003; Mullington et al., 2009; Faraut et al.,
2012).

It is well known that exposure to noise can adversely affect sleep (WHO, 2009).
Laboratory studies and field studies have shown effects of night time noise exposure on
several aspects of sleep (Passchier-Vermeer and Passchier, 2000; HCN, 2004; WHO,
2009). Effects include arousal responses during sleep (e.g., Carter et al., 1994), self-
reported noise induced awakenings, and reduced sleep quality (e.g., Ohrstrém et al.,
2006a; Passchier-Vermeer et al., 2007), body movements (e.g., Horne et al.,, 2004;
Passchier-Vermeer et al., 2007), heart rate responses (e.g., Griefahn et al., 2008) and

13
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indices of autonomic nervous system responses (e.g., Graham et al., 2009). From a
review of available evidence, the WHO concluded that there is sufficient evidence for the
following biological effects of noise during sleep: changes in heart rate, arousals, sleep
stage changes and awakening. Furthermore, evidence was considered sufficient for a
causal relationship between night time noise exposure and self-reported sleep
disturbance, increased medicine use, increase in body movements and (environmental)
insomnia (WHO, 2009).

While some responses, such as awakening reactions, may be subject to some extent of
habituation, autonomic and endocrine responses have been observed to not completely
habituate over time (Griefahn, 2008; Review by Pirrera et al., 2010), and noise induced
cardiac responses and motility were found in residents that have lived near a major road

for years (Hofman et al., 1995; Passchier-Vermeer et al., 2007; Graham et al., 2009).

What the long term effects are of chronic noise exposure on sleep and health, however,
cannot be fully answered by short term laboratory experiments or field studies alone. To
date, only a limited number of epidemiological studies have investigated the relationship
between long-term exposure to road traffic and road traffic noise at home and sleep
problems in the general population. Kageyama et al (1997), for example, found an
association between living near a busy road and insomnia, based on cross sectional
analyses of survey data of 3600 Japanese women. They found an exposure response
relationship between night time traffic volume and the risk of insomnia for subjects living
close to main roads. In this study however, — although it seems plausible that this
association may be explained by night time traffic noise — no noise exposure data was
available to further investigate this association. Furthermore, it remains unclear to what
extent this association may be generalised to other populations and other countries.
Bluhm et al (2004) studied the association between road traffic noise and noise related
sleep disturbances (awakenings and/or difficulty falling asleep) in a Swedish survey of
approximately 657 subjects. They found an association between road traffic noise
exposure and self-reported traffic noise related sleep disturbance. However, in this
survey, questions explicitly referred to traffic noise, and it is not clear to what extent the
subjects attitude towards the source may have affected the results. Furthermore, it is
unclear if and to what extent these reported disturbances may affect subjects the next

day.

14



Introduction

1.5 Combined exposure: road traffic noise and air pollution

Some health endpoints, including cardiovascular health effects, have been associated to
both noise and air pollution. From the literature there is support for a causal role of both
exposures. For environmental noise exposure, this has been discussed in 1.1. For air
pollution exposure however, there is also an increasingly large body of evidence, linking
both short term increases of air pollution as well as long term exposure to air pollution,
to cardiovascular morbidity (reviews by Brook et al., 2010; Brook and Rajagopalan, 2010;
Janssen et al., 2011; WHO, 2012). As road traffic is not only a major source of noise, but
also a source of air pollution components (e.g., particulate matter), in urban areas these
exposures are to some extent related (e.g., Allen et al., 2009; Davies et al, 2009; Can et
al., 2011; Foraster et al., 2011). A topic that has received growing interest in recent years
is the effect of combined exposure to environmental noise and air pollution, as it has
now become more broadly recognised that these exposures may confound or interact
with each other. To date however, still only a limited number of studies have
investigated the relationship between exposure and their effects on cardiovascular
health outcomes in combination (e.g., review by Tetreault et al., 2013). Insight in the
relative contribution of road traffic noise and air pollution is relevant to policy makers, as
reduction of road traffic noise exposure and air pollution may require different types of
measures. Measures designed to reduce air pollution exposure, may not affect noise
exposure and vice versa. For example, emission control measures such as the catalytic
converter to reduce vehicular emissions of air pollution, are not designed to reduce noise

exposure and its adverse health effects.

1.6 Beneficial effects of a relatively quiet side to the dwelling

Conventional measures that may be implemented locally to reduce exposure to road
traffic noise, include lower emission road pavement, noise screens, or traffic related
measures (e.g., speed control, reducing traffic intensity, reducing heavy duty traffic in

urban areas etc.).

Typically, in residential areas, there may be practical limitations to the suitability and
applicability of such measures. For example, for obvious reasons, noise screens may
generally not be desirable in residential areas, as they may adversely affect accessibility
and visual quality. At the same time, even after the application of lower emission road

pavement, noise exposure levels may still remain (too) high. Furthermore, road surface
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measures require maintenance to remain effective. Therefore, smart combination of
multiple measures may be required to optimize the sound environment and thereby

reduce the adverse effects of noise exposure.

Currently, exposure is typically characterised by the noise level at the most exposed
facade of dwellings. The above measures are designed to reduce this noise level.
However, in addition there is a range of factors not affecting this noise level, while
having an effect on the total personal exposure of residents (and thereby the effects),
such as the level of acoustical insulation of the building envelope, exposure at the least
exposed fagade etc. From previous studies, there are indications that the availability of a
quiet side to the dwelling, access to quietness in the surrounding living area, and
insulation may have the potential to significantly reduce effects (Ohrstrém et al., 2006b;
Gidlof-Gunnarsson et al., 2007 and 2010; Amundsen et al., 2011). However, insight in the

effects of these factors on noise exposure related adverse effects is still limited.

Reducing exposure not only at the most exposed facade, but also at the least exposed
fagade may be an effective way to reduce adverse effects. It has been hypothesized, that
the availability of a relatively quiet facade to a dwelling may reduce adverse effects of
noise exposure by offering a ‘way out’ from the noise to the inhabitants (Miedema and
Borst, 2006). For example, by providing the option to spend time or sleep at the quieter
side of the dwelling. While there is support for this hypothesis (Ohrstrém et al., 2006b),
to date evidence is still limited. To allow evaluation of effectiveness of measures,
confirmation of previous findings as well as a better quantification of the effect of

exposure at the ‘quiet’ side is needed.

1.7 Important challenges when investigating the research questions

Studying the long term effects of road traffic noise is challenging in many ways. A

number of challenges are described below.

First of all, the relative contribution of environmental exposures (including
environmental noise and air pollution) to manifest diseases (including cardiovascular
morbidity), is typically small compared to the well-known prominent risk factors (e.g.,
obesity, smoking, inactive life style). This complicates the identification and
quantification of the effects. The implication of this difficulty, is that a design is needed
which allows such investigation. It means for instance, that a large population is needed,

with a sufficient number of ‘cases’ of the health effect being studied, and adequate
16
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information is needed on this endpoint. Furthermore, for the investigation of long term
health effects of exposure, preferably a prospective design is used, as prospective
studies are better capable to take into account the sequence in time: If persons with
higher exposure show a higher risk of developing the disease under study as compared
to persons with a lower exposure, there is more ground to assume that exposure and

effect may indeed be causally related.

In addition, detailed information is needed on the variation in individual exposure of
subjects within the study population. Assessment of exposure for a large population is
not straightforward. While theoretically, it might be preferable to have measurement
data on individual long term road traffic noise exposure at the home, this is practically
and cost wise not feasible. Over the last decade, the development of advanced GIS
(Geographic Information System) techniques and exposure modelling has created new
opportunities for research on the association between (differences in) long term traffic

noise and air pollution exposure levels and adverse health effects.

Spatial differences in exposure are important, as a population of residents of an urban
agglomeration experiences similar fluctuations in time. However, as spatial differences in
exposure may be related to spatial differences in population characteristics (e.g., socio
economic status, life style, etc.), which in turn may be risk factors for the health effect

under study, adjustment for potential confounding is needed.

Furthermore, similar exposure has different effects on different persons, with stronger
effects in certain potentially more vulnerable groups (e.g., elderly, persons with pre-
existing disease). This underlines the importance of not restricting the investigation of
effects of exposure to the general population only, but in addition paying attention to

potentially vulnerable subgroups.

1.8 Outline of thesis

This thesis is divided into six chapters. Chapter 2 describes results from a large
population study into the association between long term night time road traffic noise
exposure and self-reported sleep problems. Chapter 3 presents results of a large
population study into the association between road traffic noise and hypertension.
Chapter 4 describes the results of our study into the association between road traffic
noise and air pollution and the incidence of cardiovascular events. Chapter 5 investigates
the potential beneficial effect of having a relatively quiet fagade to the dwelling. Finally,

17
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Chapter 6 comprises of a general discussion of our results and the results of previous

studies performed in this research area, and provides suggestions for future research.
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Chapter 2
Abstract

This study investigates the association between night time road traffic noise exposure
(Lnignt) and self-reported sleep problems. Logistic regression was performed in a large
population based cohort study (GLOBE), including over 18,000 subjects, to study the
association between exposure at the dwelling facade and sleep problems. Measures of
sleep problems were collected by questionnaire with two questions: “Do you in general
get up tired and not well rested in the morning?” and “Do you often use sleep
medication or tranquillizers”. After adjustment for potential confounders, a significant
association was found between noise exposure and the risk of getting up tired and not
rested in the morning. Although prevalence of medication use was higher at higher noise
levels compared to the reference category (L,gn: < 35 dB), after adjustment for covariates
this association was not significant. Long-term road traffic noise exposure is associated
with increased risk of getting up tired and not rested in the morning in the general
population. This result extends the earlier established relationship between long term
noise exposure and self-reported sleep disturbance assessed with questions that
explicitly referred to noise and indicates that road traffic noise exposure during the night
may have day-after effects.
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2.1  Introduction

Undisturbed sleep is important for human functioning. During sleep, people recover
mentally and physically from their activities, and process information they have acquired
during the day (Siegel, 2005; Marshall and Born, 2007; Drosopoulos et al., 2007).
Insufficient sleep is associated with feelings of sleepiness and fatigue during the daytime
(Scott et al., 2007; EImenhorst et al., 2008), and with decreased cognitive performance
(Carter, 1996; Ouis, 1999; Raidy and Scharff, 2005, Murphy et al., 2006). Furthermore,
sleep deprivation has been associated with changes in physiological parameters, such as
metabolic and endocrine function (Spiegel et al., 1999), altered cardiac autonomic
nervous system activity (Holmes et al., 2002), and reduced acute immune system
responses during stress (Wright et al., 2007). One of the key features of subjective sleep
quality is morning tiredness (Harvey et al., 2008). Complaints of non-restorative sleep
(not feeling rested after sleep for at least three to four times a week) have been shown
to be correlated to daytime impairment such as irritability and mental fatigue (Ohayon,
2005).

Environmental noise may disturb recuperation by activating the organism during sleep.
Transportation is a prolific source of environmental noise during the night-time in urban
areas, and has been identified as a major cause of sleep disturbance (Berglund et al.,
1999; Muzet, 2007). Exposure to transportation noise has been shown to induce both
objectively measured and self-reported sleep disturbance (e.g. Pearsons et al., 1995;
Aasvang et al., 2008; Basner et al., 2006; Michaud et al., 2007; Miedema and Vos, 2007).
Considering the continuing growth of vehicular traffic and the large number of people
exposed, disturbance of sleep by road traffic noise has become an increasingly important
cause of concern.

Effects of night time road traffic noise exposure on aspects of sleep have been found in
both laboratory studies and in field studies with subjects exposed to habitual noise in
their home situation (Passchier-Vermeer and Passchier, 2000; Franssen and
Kwekkeboom, 2003; HCN, 2004). The observed effects include awakenings or sleep stage
changes (Carter, 1994), autonomic responses (Di Nisi et al., 1990; Hofman et al., 1995;
Griefahn, 2008; Graham et al., 2009), body movements (Horne et al., 1994; Passchier-
Vermeer et al., 2007), and self-reported noise-induced awakenings, difficulty falling
asleep, and reduced sleep quality (Ohrstrém, 2000; Ohrstrém et al., 2006a; Passchier-
Vermeer et al.,, 2007; Marks and Griefahn, 2007). While awakening reactions may be
subject to habituation (Thiessen and Lapointe, 1983; Ohrstrém, 2000), traffic noise has
been found to induce cardiac responses and motility in people who have lived in the
vicinity of a major road for years (Hofman et al., 1995; Passchier-Vermeer et al., 2007).
Furthermore, long-term effects of road traffic noise have been found on self-reported
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noise-related sleep disturbance and general sleep quality, as reported in questionnaires
(HCN, 2004; Bluhm et al., 2004), although few studies adjusted for potential confounders
(Franssen and Kwekkeboom, 2003). On the basis of the pooled original data sets from 24
community surveys, exposure-effect relationships have been presented for the
association between long-term night time transportation noise exposure and self-
reported noise-related sleep disturbance (Miedema and Vos, 2007). In addition, some
field studies have found next-day effects, such as tiredness in the morning and depressed
mood as indicated in sleep logs, as well as poorer performance on reaction time tasks
(Carter, 1996; Ouis, 1999; HCN, 2004).

Thus, there seems to be sufficient evidence that long-term traffic noise exposure is
associated with self-reported noise-related sleep disturbance. However, little is known
about the impact of long-term road traffic noise exposure on problems related to sleep
such as morning tiredness and medication use. Although several field studies have been
carried out (e.g. Ohrstrém, 1989; Ohrstrém and Skanberg, 2004; Passchier-Vermeer et
al., 2007), few epidemiological studies have assessed the relationship between long-term
exposure to residential road traffic noise and sleep problems in the general population
(e.g. Langdon and Buller, 1977; Kageyama et al., 1997; Bluhm et al., 2004). Furthermore,
in previous studies results may, to some extent, have been distorted by limitations in the
study sample (e.g. non-random selection or relatively small sample), exposure
assessment, or control for potential confounders. Moreover, in field studies and surveys
designed specifically to investigate the community effects of noise, participants were
usually aware of the noise focus of the study, and their response to questions concerning
aspects of sleep may have been biased by their attitude towards the local road traffic
exposure. The objective of the present study is to investigate the relationship between
night time road traffic noise exposure (L,gn) and self-reported sleep problems in a
population based cohort study. As far as the authors know, this study is the first to
investigate the relationship between night time road traffic noise exposure and morning
tiredness and sleep medication use in such a large population based sample. In this study
objective measures are used for noise exposure, and odds ratios (ORs) are studied with
adjustment for a broad spectrum of potential confounders. Furthermore, since the
population study and questionnaire were not directed towards studying the effect of
noise and noise exposure was determined independently, the subjects’ attitude towards
the local road traffic exposure is unlikely to have affected the results.
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2.2  Methods

2.2.1 Study population

The GLOBE study is a prospective cohort study carried out in the Netherlands, with the
primary aim of explaining socio-economic inequalities in health. GLOBE is the Dutch
acronym for Health and Living Conditions of the Population of Eindhoven and
surroundings. Baseline data were collected in 1991. Details of the study protocol have
been described elsewhere (Mackenbach et al.,, 1994), and will only be briefly
summarised here.

In 1991, an a-select sample (stratified by age, degree of urbanization and socio-economic
position) of 27,070 non-institutionalized subjects (aged 15 to 74 years) was drawn from
18 municipal population registers in the south-eastern part of The Netherlands and was
asked to participate in the study. With a response rate of 70.1%, baseline information
was collected from 18,973 individuals using a postal questionnaire. The area of study
included the city of Eindhoven, which was the fifth largest city of The Netherlands in
1991.

2.2.2 Health outcome and covariates

The data collection comprised a broad range of potential confounders including
sociodemographic variables (age, gender, marital status, and education), lifestyle factors
(smoking, alcohol use, physical activity, Body Mass Index [BMI]), and living conditions
(employment status, financial problems). Data for measures of sleep problems were
available from the following questions in the questionnaire: “Do you in general get up
tired and not well rested in the morning?” and “Do you often use sleep medication or
tranquillizers?”. The response format is: “yes” or “no”.

2.2.3 Noise exposure

The road traffic noise exposure of the subjects was calculated at the most exposed
facade of the baseline home address with standard method SKM2 in accordance with
requirements of the EU Environmental Noise Directive (END). For the analyses, the
authors used the EU standard noise metric Lygns. Lnigne (night level) is defined as the A-
weighted “average” sound level (International Standards Organization, 2002) over a year
during the period 23 — 7 h assessed at the fagade of a dwelling with the highest overall
exposure (i.e., most exposed facade). SKM2 is the sophisticated version of the
Netherlands’ standard method for noise modelling and producing noise maps in
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compliance with the END (VROM, 2006a). SKM2 is implemented in Urbis (Borst and
Miedema, 2005) that was used here for the exposure calculations. Noise calculations are
carried out in two steps calculating first the emission and then the transmission. The
emission calculations take into account traffic characteristics, including traffic intensities,
traffic composition (percentages motorbikes, light duty, medium duty, and heavy duty
vehicles), speed, road height and road surface type. The transmission calculations take
into account the distance between source (road) and dwelling fagade, air attenuation,
effects of (yearly) meteorological conditions, ground attenuation, object screening,
reflection of objects opposite the dwelling, and statistical diffraction for transmission.
Noise exposure is calculated at the height of the centre of the dwelling facade of the
exposed subject. Very low noise exposure levels (below 35 dB(A)) were recoded as 35
dB(A) since this can be considered to be a lower limit of the night time ambient noise in
most surroundings involved.

Input data for the noise emission calculations was a detailed digital map describing the
geographic location of roads and the traffic characteristics for each road segment
(including traffic intensities for each vehicle category, speed, and road surface type),
provided by the local authorities of Eindhoven for the current situation (2004). Although
traffic intensities may have increased, the road network is assumed to be rather stable,
with only small (if any) but equal changes in noise exposure across the population. Traffic
data were attached as attributes to the road segments for a dense network of roads,
including highways, arterial roads, main streets, and principal residential streets.

Basis for the noise transmission calculations was digital maps with precise information
on geographic location of buildings and ground characteristics (Topographic Service data
[TOP10]) provided by the Netherlands Ministry of Housing, Spatial Planning and the
Environment - Directoraat-Generaal Ruimte (VROM/DGR). Building height was derived
from the Actual Height Information Netherlands (AHN), a 5 x 5 m’ grid with height
information based on laser altimetry. The geographic location of noise screens with their
height was provided by the local authorities of Eindhoven. The geographical location of
dwellings within the building contours (Topographic Service data [TOP10]) was identified
with the use of address coordinates.

2.2.4 Statistical analysis

Logistic regression was performed to investigate the association between night time
residential road traffic noise exposure (L) and self-reported sleep problems (getting
up tired and not well rested in the morning and the use of sleep- or tranquillizing
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medication). Estimated ORs are presented as approximation of relative risks, together
with their corresponding 95% confidence intervals (Cls).

In the model, factors were included that were hypothesized a priori to potentially
confound the relationship between traffic exposure and sleep problems. These variables
are age, sex, BMI, physical activity, marital status, employment status, financial
problems, alcohol use, smoking, and self-reported level of education. A P value of at
most 0.05 was considered to be significant, a P value of 0.05-0.1 was considered an
indication of a relationship.

Age was entered as a continuous variable, while gender, BMI, physical activity, marital
status, employment status, financial problems, alcohol use, smoking, and education,
were entered as categorical variables. BMI (body weight divided by height squared) was
categorised into four groups (underweight [BMI <20], normal weight range [BMI 20-25],
overweight [BMI 25-30], obese [BMI >30]). Physical activity was available in four
categories (none, little, moderate, and much physical activity). Marital status was
categorised into four groups (married or living together, unmarried, divorced,
widow/widower). Employment status was categorised in three categories, including
“unemployed”. Three categories of financial problems were distinguished (no difficulty,
some difficulty, large difficulty). Alcohol use was categorised into three groups
(moderate, abstainer, and excessive). Data on smoking was available from the following
question in the questionnaire: “Do you smoke?” The response format is: “Yes”, “No, but |
have smoked in the past,” “No, | never smoked,” coded in three categories (current
smoker, former smoker, and never smoker). Highest attained level of education was
distinguished into four different categories (primary education, lower professional and
intermediate general education, intermediate professional and higher general education,
and higher professional education and university).

A sensitivity analysis was carried out to explore the effect of the inclusion of additional
variables. In this analysis, a measure of occurrence of major life events, number of
children living at home, and measures of cold or draught (answer categories: yes or no)
and dampness (answer categories: yes or no) inside the dwelling were taken into
account in the model in addition to age, sex, BMI, exercise, marital status, work
situation, financial difficulties, smoking, alcohol use, and education. For major life events,
a sum-score was used as the number of times respondents answered “yes” to one of
nine questions on occurrence of major life events experienced during the last 12 months.
These events included (1) moving house; (2) substantial decrease in financial situation;
(3) being the victim of serious crime (robbery, theft, physical abuse, or rape); (4)
becoming unemployed; (5) partner or other family member (member of household)
becoming unemployed; (6) serious disease of partner or family member (member of
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household) or parents (in law); (7) death of partner; (8) death of parent (in law), child,
brother of sister or close friend; (9) divorce.

Missings in potential confounding variables (the percentage of missings for all
confounding variables was below 5.6 %) were imputed, replacing the missing values with
the most common category. All analyses were performed with SPSS (version 11.0.1).

2.3 Results

Figure 2.1 shows the distribution of subjects over night time road traffic noise exposure
classes (Lygn) for the GLOBE study sample at their 1991 home address. The spatial
variation in road traffic noise exposure is substantial and shows a difference in exposure
between the lowest and highest 5% of dwellings exceeding 20 dB (Lyg), ranging from
about 35 dB (urban background) to more than 55 dB (L,gs) in the vicinity of roads.

1 6000

- 5000

Subjects (%)

- 4000

<35 3540 4045 45-50 50-55 > 55
Lnight (dB)

Figure 2.1 Distribution of long-term average road traffic noise (Lpign) [dB] exposure at
the 1991 home address.

Table 2.1 shows the distribution of the total study sample over the road traffic noise
exposure categories. Before adjustment for potential confounders, the prevalence of
both markers of sleep problems (getting up tired and not rested in the morning; use of
sleep or tranquillizing medication) seems higher at higher night time noise levels (Figure
2.2).
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Table 2.1 Characteristics of the GLOBE cohort by road traffic noise (L) [dB] exposure
category (unadjusted).

Lpight [dB] <35 35-40 40-45 45-50 >50
N 2547 5514 4325 2742 3085
Age (years) 45.7 46.8 47.9 48.3 49.0
Sex: Male (%) 49.6 48.3 48.3 47.6 48.3
BMI (Ql > 30) (%) 5.3 6.3 6.4 6.2 5.8

Physical activity: much (%) 35.1 33.0 32.7 331 30.8
Marital (married/live together) (%)  74.2 74.6 75.4 72.8 67.8
Work situation: unemployed (%) 9.9 104 10.8 8.7 10.9
Financial: much difficulty (%) 4.7 4.7 4.3 3.6 3.6

Smoking (%) 35.8 37.2 35.7 35.0 36.9
Alcohol use: excessive (%) 8.8 8.0 7.8 7.8 9.0

Education low (%) 18.3 21.0 22.3 20.5 22.6
Not rested in the morning (%) 17.9 19.4 20.3 21.0 20.2
Sleep/tranquillizing medication (%) 5.4 6.6 6.9 7.1 7.3

Variables are described by means, and percentages in case of dichotomous variables.
Abbreviations are: BMI (Body Mass Index); and Lygn: (road traffic noise - night level) (dB).

Tired and not rested in the morning (unadjusted) Use of sleep or tranquillizing medication (unadjusted)
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Figure 2.2 Prevalence of self-reported sleep problems in subjects of the GLOBE study
sample in relation to night time road traffic noise exposure at the home (Lpgn) [dB]
unadjusted for confounders.
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Table 2.2 ORs for night time road traffic noise exposure (L) (dB) , for markers of self-
reported sleep problems (tired and not rested in the morning, use of sleep or
tranquillizing medication) in the GLOBE study sample after adjustment for potential
confounders. ORs from logistic regression are shown, adjusted for age, sex, BMI,
exercise, marital status, work situation, financial difficulties, smoking, alcohol use,

education.
Group N OR OR OR OR OR
Loight<35 Lpght35-40  Lyigni40-45  L,0ne85-50  Lugne> 50
Tired, and not rested in 17,821 1.00 1.08 1.18 1.26 1.15
the morning (0.95-1.22)  (1.03-1.34)°  (1.09-1.45)"  (1.00-1.33)°
Use of sleep- or 17,855 1.00 1.14 1.16 1.21 1.15
tranquillizing (0.92-1.41)  (0.93-1.44) (0.96-1.54) (0.92-1.45)
medication

Odds Ratio

*Significant relationship (P < 0.05)
MbSignificant relationship (P < 0.01)

Tired and not rested in the morning (adjusted) Use of sleep or tranquillizing medication (adjusted)
1.60 o 160
1.50 & 150
8
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L |
1.00 - 1.00
0.90 090
0.80 0.80
<35 35-40 40-45 4550 > 50 <35 35-40 40-45 45-50 > 50
Lpignt (dB) Lpignt (dB)

Figure 2.3 ORs for night time road traffic noise exposure for markers of self-reported
sleep problems (tired and not rested in the morning, use of sleep or tranquillizing
medication) in the GLOBE study sample after adjustment for confounders.

As shown in Table 2.2 and Figure 2.3, in the GLOBE study sample an association was
found between road traffic noise exposure (L) and getting up tired and not rested in
the morning. Compared to the reference category (L, < 35 dB), the OR was higher in all
higher noise exposure categories. The ORs were found to increase with increasing noise
level, but showed a slight decrease in the highest exposure category. Overall, an OR of
1.08 was found (95% Cl: 1.02-1.14) per 10 dB increase in L, A sensitivity analysis was
carried out to explore the effect of the inclusion of additional variables. Additional
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adjustment for major life events, and number of children living at home, and cold or
draught and dampness inside the dwelling did not substantially affect the association for
night time road traffic noise and getting up tired and not rested in the morning.

While the unadjusted results indicate there may be an association between road traffic
noise exposure and the use of sleep medication or tranquillizers, after adjustment for
potential confounders this relationship was not significant.

Table 2.3 shows the ORs for covariates, for markers of self-reported sleep problems
(tired and not rested in the morning, use of sleep or tranquillizing medication) in the
GLOBE study sample, in the adjusted models for the association between night time road
traffic noise exposure and sleep problems.
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Table 2.3 ORs for covariates for markers of self-reported sleep problems (tired and not
rested in the morning; use of sleep or tranquillizing medication) in the GLOBE study
sample in the adjusted models for the association between night time road traffic noise
exposure and sleep problems. ORs from logistic regression are shown.

Tired, not rested in the morning Sleep- or tranquillizing medication use

Covariate OR OR
Age (year) 099 1.04
Sex (female) 1.23** 1.99**
BMI
Ql<20 1.00 1.00
Ql 20-25 0.95 0.72**
Ql 25-30 0.96 0.70**
Ql>30 1.12 0.65**
Exercise
None 1.00 1.00
Little 071 0.87
Moderate 0.56** 0.61**
Much 0.45 0.55
Marital Status
Married 1.00 1.00
Unmarried 114" 0.98
Divorced 1.41** 1.88**
Widow(er) 1.10 1.38**
Work Situation
Unemployed 1.00 1.00
Working/Study 0.56** 0.38**
Other 0.57 0.40
Financial
No difficulty 1.00 1.00
Some difficulty 1.43** 1.27**
Much difficulty 2.01** 1.56**
Smoking
Never 1.00 1.00
Former 1.09 131
Current 1.36** 1.73**
Alcohol
Moderate 1.00 1.00
Abstainer 1.25 1.60
Excessive 1.05 1.16
Education®
Category 1 1.00 1.00
Category 2 1.00 1.25
Category 3 0.98 1.32*
Category 4 1.19* 1.65**

*Significant relationship (P < 0.05)

**Significant relationship (P < 0.01)

"Highest attained level of education was distinguished into four different categories (higher professional
education and university, intermediate professional and higher general education, lower professional and
intermediate general education, and primary education).
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24 Discussion and conclusions

This study investigated the relationship between road traffic noise exposure during night
time and two indicators of sleep problems: getting up tired and not rested in the
morning, and the use of sleep or tranquillizing medication. After adjustment for potential
confounders, a significant association was found between road traffic noise exposure at
the home and the risk of getting up tired and not rested in the morning. Although the
prevalence of use of sleep or tranquillizing medication was higher at higher noise levels
compared to the reference category (Lngm <35 dB), after adjustment for potential
confounders this association was not significant. Thus, no evidence was found of an
effect of road traffic noise on sleep medication, although the findings do not contradict
the significant increase in prevalence with increasing aircraft noise exposure during the
late evening found by Franssen et al. (2004). The present finding on morning tiredness
adds to the evidence from community surveys and field studies that long-term traffic
noise is associated with self-reported sleep disturbance (Miedema and Vos, 2007) and
may adversely affect self-reported sleep quality (Franssen and Kwekkeboom, 2003).
Furthermore, the present results lend support to earlier indications from field studies
that traffic noise may have after-effects the following day (Carter, 1996; Ouis, 1999;
Ohrstrém, 1989; Ohrstrom and Skanberg, 2004). In addition, the results show that noise
exposure plays a role among all possible causes of sleep problems, a conclusion that
cannot be drawn on the basis of analyses with sleep disturbance questions explicitly
referring to noise, as in Miedema and Vos (2007). Night time road traffic volume has
previously been shown to be a risk factor for insomnia, and the prevalence of morning
tiredness was increased in the insomniacs as compared to the non-insomniacs
(Kageyama et al., 1997). The description of the different severity criteria of insomnia
(mild, moderate, and severe) includes “an almost nightly complaint of.... not feeling
rested after the habitual sleep episode” (The International Classification of Sleep
Disorders; ICSD). Since in our study night time road traffic noise exposure was found to
be associated with morning tiredness (getting up tired and not rested in the morning),
road traffic noise exposure may be hypothesized to induce or aggravate symptoms of
insomnia.

A slight decrease in relative risk estimate was found for the highest noise exposure
category. Similar to these findings, Ohrstrém et al. (2006a) found a decreasing effect of
Lyigne ON self-reported sleep quality in the highest noise category, which they attributed
to the increased tendency to sleep with closed windows. In a field study by Griefahn et
al. (2000), window closing behaviour was the primary variable associated with noise
levels outside. A survey by Ohrstrém et al. (2006b) showed that Ly reduced both sleep
quality and sleeping with open window. Another factor that may explain this decrease in
effect is the self-selection of people less bothered by noise, particularly in areas with
very high exposures (noise sensitive subjects moving away from high exposure areas).
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Effects of high noise exposure may be partly masked by this selection mechanism. In
addition, better sound insulation of the dwellings of most exposed subjects, and choice
of bedroom location away from the source in reaction to exposure may affect relative
risk estimates, particularly in the highest noise exposure category. Unfortunately, no
data were available on noise sensitivity, dwelling insulation, choice of bedroom location,
or window opening behaviour to take these factors into account.

A limitation of the exposure assessment in this study is that road traffic noise data for
the current situation (2004) were used. Unfortunately, no historic data for 1991 were
available on traffic intensity and road characteristics such as road surface type and noise
screens. Although traffic intensities may have increased, the road network is assumed to
be rather stable, with only small (if any) changes in noise exposure across the population.
For example, a recent study showed that correlations between road traffic intensities for
a ten year period (1986-1996) in The Netherlands were high (>0.9) (Beelen et al., 2009).
If there is any effect of this limitation, it may be assumed that the actual association may
be slightly stronger than found.

No data were available on noise exposures inside the bedrooms of the respondents. L,
at the most exposed facade as metric characterises the exposure on one side of the
dwelling, while the subject may sleep on another side of the dwelling, which may be less
exposed. Having access to a quiet side of the dwelling has been found to reduce self-
reported sleep disturbance and tiredness (Bluhm et al., 2004; Ohrstrém et al., 2006b). In
addition to window opening behaviour of subjects, the difference between this outside
exposure level and the level inside the bedroom depends on the insulation of the fagade.
However, the tendency of people to sleep with their windows open is expected to
reduce the variability in the outdoor — indoor difference.

Data for measures of sleep problems were available as dichotomous variables (response
format: “yes” or “no”). Refined measurement of the effects might have refined the
findings. If there would be an effect, it may be assumed the association found in this
study may be stronger still.

Strengths of the study include a number of aspects. First, the investigation was carried
out in a large random sample drawn from the general population. The large sample size
increases the power of the statistical analysis, while the population based design of the
study increases the possibility to extrapolate the results to the general population, as
compared to studies with smaller or non-random samples. In addition, the study was
carried out for a large region, including Eindhoven City, which was the fifth largest city of
The Netherlands at the start of the cohort study. As a result, there was a large variety in
road traffic noise exposure, which may be expected to be representative for urbanized
areas in general. The exposure was assessed with detailed noise models that take into
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account the relevant small scale intra-urban spatial variation in the study area. This
approach reduces misclassification errors of noise exposure, which may occur in studies
where exposure is based on subjective information (e.g., questionnaire reporting on
traffic density or annoyance). Another strong point of this study was that it was not
directed to noise and its effects; thus no bias was introduced by subjects being triggered
to focus on road traffic noise exposure. Finally, we were able to minimise confounding by
adjusting for a large range of potential risk factors in the model, including age, sex, BMI,
exercise, marital status, work situation, financial difficulties, smoking, alcohol use, and
education. A sensitivity analysis was carried out to explore the effect of the inclusion of
additional variables. Additional adjustment for major life events, number of children
living at home, and cold or draught and dampness inside the dwelling did not
substantially affect the association between night time road traffic noise and morning
tiredness.

In conclusion, our results show that road traffic noise during the night is associated with
after-effects: an increased risk of subjects getting up tired and not rested in the morning.
These findings add to the evidence that residential road traffic noise exposure may cause
sleep disturbance and could be interpreted as a signal that noise-induced sleep
disturbance has significant implications for daily life in the general population.
Furthermore, noise exposure may induce or aggravate symptoms of insomnia. It
therefore appears to be important to increase awareness of transportation noise as a
factor affecting sleep. Reduction of these effects may require specialized advice, for
example, with respect to choice of bedroom location or measures of improving the
sound insulation of the bedroom.
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Abstract

Objective: The purpose of this study was to assess the relationship between road traffic
noise exposure at home and the prevalence of hypertension.

Methods: We conducted cross-sectional analyses in a large random sample (N = 40,856)
of inhabitants of Groningen City, and in a subsample (the Prevention of Renal and
Vascular End-Stage Disease [PREVEND] study cohort; N = 8592).

Results: Before adjustment for confounders, road traffic noise exposure was associated
with self-reported use of antihypertensive medication in the city of Groningen sample
(odds ratio [OR] = 1.31 per 10 dB increase in Lg.,). Adjusted ORs were significant for the
subjects between 45 and 55 years old in the full model when adjusted for PM10 (OR =
1.19) and at higher exposure (L, > 55 dB) only (OR= 1.21; with adjustment for PM10, OR
= 1.31). In the PREVEND cohort, the unadjusted odds ratio was 1.35 for hypertension
(systolic and diastolic blood pressure > 140 and > 90 mmHg, respectively, or use of
antihypertensive medication). Again, the adjusted odds ratio was significant for the
subjects between 45 and 55 years old (OR = 1.27; with adjustment for PM10, OR = 1.39).
Conclusions: Exposure to road traffic noise may be associated with hypertension in
subjects who are between 45 and 55 years old. Associations seemed to be stronger at
higher noise levels.
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3.1  Introduction

There are indications that living near a major road can induce adverse health effects. It is
well-known that exposure to noise can cause noise annoyance and sleep disturbance.
For these effects, exposure-effect relationships have been presented (Miedema and
Oudshoorn, 2001; Pearsons et al., 1995). Over the last few decades, studies have been
conducted to determine if and how noise exposure may cause further adverse health
effects. Currently, there is increasing evidence that exposure to environmental noise can
induce stress-related health effects including hypertension and cardiovascular diseases
(Berglund et al., 2000; Gezondheidsraad; 2004; Babisch et al., 2000; Passchier-Vermeer
et al., 2000; Kempen et al., 2002; Babisch et al., 2001).

Early laboratory studies reviewed by Passchier-Vermeer (1993), have shown momentary
changes in the cardiovascular system induced by exposure to noise, including
vasoconstriction, electrocardiographic abnormalities and changes in heart rate.
Occupational noise studies provided evidence for an effect of noise exposure in the
working environment on hypertension (Passchier-Vermeer, 1993). Although these
findings indicate a link between noise exposure and cardiovascular effects, they give no
information as to what extent long-term noise exposure in the living environment may
affect cardiovascular health.

Few epidemiological studies have assessed the relationship between exposure to
transportation noise in the living environment and hypertension. Recent studies have
focussed on the effects of aircraft noise exposure and reported an association with
hypertension. In a meta-analysis, Van Kempen et al. (2002) concluded that there is a
significant association of aircraft noise exposure and hypertension, with an estimated
relative risk of 1.14 per 5 dB noise increase. However, from studies on the effects of
transportation noise on annoyance, it is known that people react to aircraft noise and
road traffic noise differently (Miedema et al., 2001). Therefore, it may be expected that
effects of exposure to road traffic noise are different. For road traffic noise, no
conclusion on how the exposure may affect hypertension can yet be drawn, and no
general exposure-response relationships have been derived (Kempen et al., 2002).

In previous studies on the effect of road traffic noise on hypertension, results may, to
some extent, have been distorted by limitations in the study sample (e.g., non-random
selection or relatively small sample), exposure assessment (e.g., subjectively defined
exposure), effect measure (e.g., subjectively defined hypertension), or control for
confounders. To our knowledge, one potentially important confounder that has not been
taken into account in road traffic noise effect studies is air pollution. Epidemiological
studies have been published that showed effects of road traffic-related air pollution on
cardiovascular endpoints (Pope et al., 2004; Hoek et al.,, 2002). Studies on the
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cardiovascular effects of air pollution have identified particulate matter (PM) as an
important pollutant in this respect. In addition to noise, road traffic is an important
source of air pollution. Therefore, in the study of the effects of road traffic noise on
hypertension, air pollution should be taken into account.

The objective of this study was to assess the relationship between road traffic noise
exposure at the home and hypertension. As far as we know, this study is the first to
investigate the relationship between road traffic noise exposure and hypertension in
such a large, population based sample (N = 40,856). We used objective measures for
noise exposure, and odds ratios are studied with adjustment for potential confounders,
taking air pollution into account in addition to common cardiovascular risk factors. In a
subsample, for which more detailed information on both the effect variables and
confounders was available, further analysis was carried out with objective measures for
hypertension and additional control for confounding. As noise annoyance meta-analysis
has revealed that the influence of noise is age dependent, with the strongest effects in
people around the age of 50 years compared with the effects in younger and older age
groups (Groothuis-Oudshoorn and Miedema, 2006), specific attention was paid to the
moderating role of age.

3.2 Material and Methods

3.2.1 Study population

We performed this study in the subjects who were participating in the Prevention of
Renal and Vascular ENd-Stage Disease (PREVEND) study. The PREVEND study was
designed to prospectively investigate the natural course of microalbuminuria and its
relation to renal and cardiovascular disease in a large cohort drawn from the general
population. Baseline data were collected in 1997 and 1998. Details of the study protocol
have been described elsewhere (Pinto-Sietsma et al., 2000), and will only be briefly
summarised here.

3.2.2 City of Groningen sample

All inhabitants of the city of Groningen (the Netherlands) between the age of 28 and 75
years, in total 85,421 subjects, were sent a one-page postal questionnaire on
demographics, use of medication, smoking behaviour, family history of cardiovascular
disease, and pregnancy. They also received a vial to collect an early morning urine
sample. Altogether, 40,856 people (47.8%) responded (referred to as the city of
Groningen sample). The subjects were defined as having hypertension when they
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reported using medication for elevated blood pressure, and were classified as smokers if
they reported smoking or having smoked cigarettes during the previous 5 years. A family
history of cardiovascular disease was considered present if at least one first-degree
relative had documented angina pectoris, a myocardial infarction or a stroke before the
age of 65 years.

3.2.3 PREVEND cohort

Further analyses were carried out on a selection of subjects that visited the outpatient
clinic. This study cohort consists of all responding subjects with a morning urinary
albumin concentration of 10 mg/L or more, together with a randomly selected control
group of the total study population with morning urinary albumin excretion of <10 mg/L,
and who gave informed consent to participate in a long-term follow-up program.
Subjects with insulin-dependent diabetes and pregnant women were excluded.
Altogether 8592 subjects underwent a screening program of two visits in an outpatient
clinic. These visits included anthropometric measurements and fasting blood samples.
Both visits included blood pressure measurements with an automatic Dinamap device
(GE Medical Systems Information Technologies, Inc., Milwaukee, WI). Blood samples
were taken for various measurements, including fasting plasma levels of cholesterol. All
8592 subjects completed an extensive questionnaire on demographics; cardiovascular,
renal, and family medical history; use of antihypertensive medication; and smoking
status. Systolic and diastolic blood pressure measurements were calculated as the mean
of the last two of 10 successive measurements of the two visits. Hypertension was
defined as systolic blood pressure > 140 mmHg, diastolic blood pressure of > 90 mmHg,
or the use of antihypertensive medication based on pharmacy reports. Smoking was
defined as currently smoking or having stopped smoking less than 1 year ago. Education
was coded in two categories: university or higher professional education versus other. A
family history of cardiovascular heart disease (CHD) was considered present if at least
one parent had CHD before the age of 65. The PREVEND study was approved by the
Medical Ethics Committee and conducted in accordance with the guidelines of the
Declaration of Helsinki.

3.2.4 Environmental data

The road traffic noise exposure of the subjects was calculated at the most exposed
facade of the dwelling with standard method SKM2 (Standaard Karterings Methode 2 ) in
accordance with requirements of the European Environmental Noise Directive (END). For
the analyses, we used the EU standard noise metric Lge,. Lsen (day, evening, night level) is
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an “average” sound level for 24 hours in which sound levels during the evening and the
night are increased by 5 dB(A) and 10 dB(A), respectively. SKM2 is the sophisticated
version of the Netherlands’ standard method for noise modelling and producing noise
maps (VROM, 2004) in compliance with the END. SKM2 is implemented in Urbis (Borst
and Miedema, 2005) that was used here for the exposure calculations. Noise calculations
are carried out in two steps: calculating first the emission and then the transmission. The
emission calculations take into account traffic characteristics, including traffic intensities,
traffic composition (percentages of motorbikes, light-, medium-, and heavy-duty
vehicles), speed, type of road height and surface. The transmission calculations take into
account the distance between source (road) and dwelling fagade, air attenuation, effects
of yearly meteorological conditions, ground attenuation, object screening, reflection of
objects opposite the dwelling, and statistical diffraction for transmission. Noise exposure
was calculated at the height of the centre of the dwelling fagade of the exposed subject.
Very low levels of noise exposure (< 45 dB(A)) were recoded as 45 dB(A) since this was
considered to be a lower limit of the ambient noise in urban surrounding.

Input for the noise emission calculations were detailed digital maps describing traffic
characteristics for each road segment. The geographic location of roads in these maps
was extracted from the National Road Network (NWB; containing all streets, country
roads, and highways) obtained from the Netherlands Ministry of Housing, Spatial
Planning and the Environment / Directoraat-Generaal Ruimte (VROM/DGR). The traffic
flow data attached as attributes to the road segments were obtained from the local
authorities of Groningen for a dense network of roads, including highways, arterial
roads, main streets, and principal residential streets. The basis for the noise transmission
calculations was digital maps with precise information on the geographic situation of
buildings and ground characteristics (Topographic Service data [TOP10]’ obtained from
VROM/DGR). Building height was derived from the Actual Height Information
Netherlands (AHN), a 5 x 5 m grid with height information based on laser altimetry. In
addition, a data set on the geographical location of noise screens with their height was
obtained from the local authorities. The geographic location of dwelling facades was
derived from the building fagade dimensions, divided into dwellings on the basis of the
address coordinates available from the local authorities of Groningen.

In addition, we assessed exposure to air pollution to adjust for possible confounding. We
obtained PM10 concentrations using a combination of measurement data and modeling
techniques. Regional background concentrations based on measurement data were
used, supplemented with the calculated contribution of the local road traffic, to account
for the spatial variation within the city. Regional background concentrations were
available from the National Institute for Public Health and the Environment (RIVM),
which annually estimates the background concentrations based on measurement data of
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the national air quality monitoring network (RIVM, 1993). Combining these monitoring
data and nation-wide air pollution modeling, each year they generate a national map (1
km x 1 km) of annual average concentrations for the most important components of air
pollution. Taking into account spatial gradients within the city, we obtained exposure
concentrations by summing the regional background concentration and the local traffic
contribution using the Netherlands’ standard Dutch models for local air pollution
calculations: the street model CAR Il (e.g., Eerens et al., 1993; Boeft et al., 1996;
Teeuwisse, 2003) for the contribution of a street to locations in that street, and a
Gaussian (plume) dispersion model based on “Pluim” (the Netherlands’ national model
which is the default used to calculate annual average concentration contributions,
(Hanna et al., 1982) for all other contributions to a location from within the urban area.
PM10 emissions for the different vehicle categories (light-, medium-, and heavy duty
vehicles and busses), were calculated by multiplication of the amount of vehicles per
category by the speed-dependent national emission factor for that category, available
from the RIVM. The exposure to air pollution is described with the annual average
concentration, expressed in Ug m>.

For the purpose of this study, additional data were collected on socio-economic status
(SES). Local indicators of poverty were available on a neighbourhood scale, from the
Central Bureau of Statistics (CBS) for 1997 (income distribution).

3.2.5 Statistical analysis

We performed logistic regression analysis to determine the association between
exposure to road traffic noise and hypertension. First, the association of noise with
hypertension was evaluated in the overall city of Groningen sample, in which the
presence of hypertension was defined by self-reported use of blood pressure-lowering
agents. Then, the association between noise and hypertension was further investigated
in the PREVEND cohort, for which more detailed data on both the effect variables and
confounders was available. Analysis was carried out with strictly objective measures of
hypertension: systolic blood pressure > 140 mmHg diastolic blood pressure > 90 mmHg,
or use of antihypertensive medication based on pharmacy reports.

Furthermore, additional adjustment for confounders was made. Various models were
fitted: first a model with noise exposure as the only predictor; second, a model
additionally adjusting for age and sex; third, a model additionally consisting of age, sex,
SES, family history of cardiovascular disease, smoking, and — for the PREVEND cohort —
body mass index (BMI), plasma cholesterol, and level of education. Finally a model was
used that, in addition, adjusted for air pollution. Missing values were excluded listwise.
Results are expressed as odds ratios (ORs) as an approximation of relative risk with the
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corresponding 95 % confidence intervals (Cls). A P value of at most 0.05 was considered
to be significant, and a P value between 0.05 and 0.1 was considered an indication of a
trend. Age, SES, BMI and cholesterol were entered as a continuous variable, whereas sex,
family history of smoking and education were entered as categorical variables. Subgroup
analyses were performed to investigate the moderating role of age, and to explore
differences between men and women, and possible differences at higher exposure of
noise. In addition, we investigated if there was a difference in effect between high and
low morning urinary albumin excretion, the inclusion criterion for the PREVEND cohort.
We performed analyses using the statistical software package SPSS version 12.01 (SPSS
Inc., Chicago, IL).

3.3 Results

Table 3.1a shows the characteristics of the city of Groningen sample and the PREVEND
cohort, respectively. The table shows that average noise levels (Lg, in dB) are higher in
subjects with hypertension. Furthermore, people with hypertension more frequently
have a noise exposure (Lg,) greater than 55 dB. They are generally older, seem to smoke
less frequently, are less likely to have university or higher professional education, and
live in an area with a neighbourhood SES below average.

Table 3.1b shows the population characteristics of the city of Groningen sample and the
PREVEND cohort, respectively, by exposure. The table shows that within subjects with
higher road traffic noise exposure, the prevalence of hypertension is higher.
Furthermore, the average age, BMI, and cholesterol level are higher, and subjects less
often have university or higher professional education, and subjects more often live in an
area with a neighbourhood SES below average.

At higher noise exposure, the strongest increase of prevalence of hypertension is found
in the 45 to 55 years-old age group; the oldest group showed a decrease. In the city of
Groningen sample, the prevalence antihypertensive medication changed from 1.9% to
2.2% (younger than 45 years), 8.8% to 9.8% (45 to 55 years), 19.9% to 20.4% (55 to 65
years), and 31.2% to 28.6% (older than 65 years). In the PREVEND cohort prevalence of
hypertension changed from 15.6% to 16.8% (younger than 45 years), 34.8% to 39.9% (45
to 55 years), 59.9% to 59.0% (55 to 65 years), and 77.2% to 77.0% (older than 65 years)
for Lden < 55 dB versus Lden > 55 dB.

Figure 3.1 shows the distribution of subjects over road traffic noise exposure classes and
pollution exposure classes (PM10; ug m™), for the city of Groningen sample and the
PREVEND cohort, respectively.
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Table 3.1a Characteristics of the City of Groningen sample (n = 40,856) and the
PREVEND cohort (n = 8592) by hypertension®™

City of Groningen sample PREVEND cohort
No AHT AHT No HT HT
N 34,492 4357 4437 2827
Male (%) 45.9 416" 41.7 58.6
Age (years) 48.0(12.4) 61.1(9.7) 455 (11.1) 57.9 (11.4)
Smoking (%) 43.5 2907 42.0 31177
SES > mean (%) 38.0 268" 413 3197
Fam. hist. CVD 29.3 410" 28.9 378"
(1% degree relative) (%)
Lgen mean (dB) 533(6.9)  54.6(7.0) 52.8 (6.8) 543(7.0)"
Lyen > 55 dB (%) 39.6 476" 36.8 462"
PM10 median (zg m?) 33.5 336 33.4 336
(32.8-37.5)  (32.9-37.6)  (32.8-37.1) (32.8-37.5)""
PM10 > 34 (%) 31.3 36.8 29.0 35.27"
Self reported AHT (%) 0 100" 0.8 344"
Caucasian % NA NA 96.1 974"
BMI kg/m’ NA NA 25.2 (3.9) 28.0(4.3)
Cholesterol mmol/L NA NA 5.5(1.1) 6.0(1.1)""
SBP mmHg NA NA 118.6 (11.1)  149.9(18.8)
DBP mmHg NA NA 70.1(7.3) 81.9(9.4)"
Education: university/higher NA NA 45.9 265
professional (%)
Pharmacy based AHT (%) NA NA 0 472"

* P<0.05 versus no (A)HT; ** P<0.01 versus no (A)HT; *** P<0.001 versus no (A)HT

®Variables are described by means (SD), or median (range 5" and 95™ percentiles) in case of skewed
distribution, and percentages in case of dichotomous variables.

L’Groups of cases are compared by chi-square (percentages) and Mann-Whithey statistics (means and
medians).

AHT= antihypertensive treatment; SES = social economic status; CVD = cardiovascular disease; Lge, noise:day-
evening-night level; PM10 = particulate matter; BMI = body mass index; SBP = systolic blood pressure; DBP =
diastolic blood pressure; NA = not available; PREVEND = Prevention of Renal and Vascular End-Stage Disease
study.

51



Chapter 3

Table 3.1b Characteristics of the City of Groningen sample (n = 40,856) and the
PREVEND cohort (n = 8,592) by road traffic noise exposure™

City of Groningen sample PREVEND cohort
Lden <55 Lden > 55 Lden <55 Lden > 55

N 23134 15715 4325 2939
Male (%) 46.1 a4.7" 49.7 50.2
Age (vears) 48.0 (12.2) 51.7 (13.4)" 47.7 51.6
Smoking (%) 43.0 406" 38.2 36.9
SES > mean (%) 389 331" 40.4 337"
Fam. hist. CVD 30.3 30.9 315 324
(1 degree relative) (%)
PM10 median (tg m?) 33.3(32.8-34.0) 34.6(33.4-38.9) "  33.3(32.8-34.0) 34.6(33.4-38.9)
PM10 > 34 (%) 4.0 73.0™" 4.2 725"
Self reported AHT (%) 9.9 132" 10.0 136
Caucasian % NA NA 96.3 97.0
BMI kg/m’ NA NA 26.0 (4.2) 26.3(4.2)"
Cholesterol mmol/L NA NA 5.6 (1.1) 5.7 (1.1)"
SBP mmHg NA NA 127.7 (19.6) 131.3 (21.2)"
DBP mmHg NA NA 73.7(9.7) 74.6 (9.9
Education: university/higher NA NA 433 374"
professional (%)
Pharmacy based AHT (%) NA NA 14.9 19.9™
Hypertension (%) 35.1 445"

* P<0.05 versus no (A)HT; ** P<0.01 versus no (A)HT; *** P<0.001 versus no (A)HT

®Variables are described by means (SD), or median (range 5th and 95th percentiles) in case of skewed
distribution, and percentages in case of dichotomous variables.

L’Groups of cases are compared by x° (percentages) and Mann-Whithey statistics (means and medians)

AHT= antihypertensive treatment; SES = social economic status; CVD = cardiovascular disease; Lge, noise:day-
evening-night level; PM10 = particulate matter; BMI = body mass index; SBP = systolic blood pressure; DBP =
diastolic blood pressure; NA = not available; PREVEND = Prevention of Renal and Vascular End-Stage Disease
study.
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Figure 3.1 Distribution of exposure of subjects at their home for the City of Groningen
sample (%) and the PREVEND cohort over road traffic noise classes (Lge,) [dB] and over air
pollution classes (PM10; ug m'g).
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In Groningen the spatial variation in noise exposure is substantial, with a difference in
exposure between the lowest and highest 5% of dwellings in the city exceeding 20 dB(A)
for road traffic noise (Lge,), ranging from about 45 dB (urban background) to more than
65 dB (Lgen) in the vicinity of busy roads. The variation in annual average PM10
concentration is much smaller. The total concentration in Groningen, as in many cities, is
dominated by the contribution of sources outside the city (regional background) and is,
to a much smaller extent, affected by the local traffic contribution. Exposure ranged from
around 33 g m” for the lowest 5%, to more than 37.5 [VES m” for the highest 5%,
respectively. The correlation between road traffic noise and PM10is r = 0.72.

In the city of Groningen sample, an association was found between exposure toroad
traffic noise (day-evening-night level; Lg,) and hypertension (defined as self-reported
use of antihypertensive medication). A significant odds ratio was found of 1.31 (95% Cl =
1.25-1.37) per 10 dB(A) increase in noise level. However, after adjustment for
confounders, the odds ratio became smaller and non-significant. Odds ratios and 95%
confidence intervals obtained by logistic regression are presented in Table 3.2, for four
different models. Odds ratios are shown for the sample as a whole and also for
subgroups within the sample. In the unadjusted model, significant associations were
found in most subgroups (OR = 1.10 to 1.40), but not for the age groups of subjects
younger than 45 and older than 65 years. After adjustment for age, sex, smoking, family
history of CVD, and SES, odds ratios were highest for the 45- to 55-years-old age group
with 1.08 (95% Cl = 0.97-1.20) and the subgroup with “high” noise exposure (Lge, = 55)
with 1.21 (95% Cl = 1.05-1.38). When additionally adjusting for air pollution, the effects
of road traffic noise did not wane, with odds ratios of 1.19 (95% ClI = 1.02-1.40) and 1.31
(95% Cl = 1.08-1.59) respectively. No differences were found between men and women.
Furthermore, no differences were found between the subgroups with high (UAC > 10 mg
L") and low (UAC < 10 mg L) morning Urinary Albumin Excretion.
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Table 3.2 0dds ratios for a 10 dB increase of road traffic noise exposure (day-evening-

night level; L,.,) for self reported use of medication for hypertension in pre-specified

subgroups of the City of Groningen sample. Odds ratios from logistic regression in each

subgroup are shown, for different models: (1) unadjusted; (2) adjusted for age and sex;

(3) adjusted for age, sex, smoking, family history CVD, SES; (4) and the same model

including adjustment for air pollution (PM10).

N OR OR OR OR
(unadjusted) (age,sex adjusted)  (full model) (full model + PM10)

All 38849  1.31(1.25-1.37)  1.01(0.96-1.06) 1.01(0.96-1.06)  1.03 (0.96-1.11)

Sex

Male 17652  1.22(1.14-1.31)" 0.99 (0.92-1.06) 0.99 (0.92-1.07)  1.03(0.92-1.15)

Female 21197  1.38(1.30-1.46)" 1.03 (0.97-1.10) 1.02 (0.95-1.09)  1.03(0.94-1.13)

Age (year)

<45 15562  0.96(0.81-1.15)  1.00 (0.84-1.19) 1.00 (0.84-1.19)  1.12 (0.90-1.40)

45-55 9637 1.13(1.02-1.26) " 1.10(0.99-1.22)°  1.08(0.97-1.20)  1.19 (1.02-1.40)"

55-65 7089 1.10(1.01-1.20) " 1.08(0.99-1.18)°  1.07 (0.98-1.17)  1.02 (0.90-1.17)

> 65 6561 0.95 (0.88-1.03)  0.94 (0.87-1.01) 0.94 (0.87-1.01)°  0.93 (0.83-1.04)

Noise

(Lgen,dBA)

<55 23134  1.40(1.23-1.61)" 1.02(0.88-1.19) 1.06 (0.91-1.23)  1.09 (0.94-1.27)

255 15715  1.31(1.16-1.48)" 1.21(1.06-1.39)"  1.21(1.05-1.38)" 1.31(1.08-1.59)"

UAC (mg/L)

<10 29363  1.36(1.29-1.44)" 1.04(0.99-1.11) 1.03(0.97-1.09)  1.03(0.95-1.12)

>10 9485 1.19(1.10-1.29)" 0.93 (0.85-1.02) 0.94 (0.86-1.04)  1.02 (0.89-1.17)

* Indication of a trend (p <0.1)
** Significant relationship (p < 0.05)

When we studied these relationships in greater detail in the PREVEND cohort, using the
more detailed data on both effect parameters and confounders, we found similar results
for overall hypertension (systolic blood pressure 2140 mmHg, diastolic blood pressure
>90 mmHg or the use of antihypertensive medication based upon pharmacy reports).
Table 3.3 shows significant associations between road traffic noise exposure and
hypertension for the cohort as a whole, as well as in most subgroups (unadjusted odds
ratios ranging from 1.24 to 1.42). For the PREVEND cohort, the unadjusted odds ratio
was 1.35 (95% Cl = 1.27-1.45) per 10 dB(A) increase in exposure to road traffic noise.
After adjustment for age, sex, BMI, smoking, cholesterol, family history of CVD,
education, and SES, associations were still significant in the 45 to 55year-old age group,
with an adjusted odds ratio of 1.27 (95% Cl = 1.08 — 1.49). With additional adjustment for
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air pollution, the effects of road traffic noise did not wane, with an odds ratio of 1.39
(95% ClI = 1.08-1.77) per 10 dB(A) increase in noise level. Results of the cohort analysis
are consistent with the results in the city of Groningen sample, showing effects in the
group of subjects around the age of 50 years (age group 45 to 55 years). Statistical tests
showed this interaction was significant in the PREVEND cohort, but not in the city of
Groningen sample. No differences in effect were found between men and women.

Table 3.3 0dds ratios for a 10 dB increase of road traffic noise exposure (day-evening-
night level; Lg.,) for hypertension (systolic blood pressure > 140 mmHg or diastolic blood
pressure of > 90 mmHg or the use of antihypertensive medication based upon pharmacy
reports) in pre-specified subgroups in the PREVEND cohort. Odds ratios from logistic
regression in each subgroup are shown, for different models: (1) unadjusted; (2) adjusted
for age and sex; (3) adjusted for age, sex, BMI, smoking, cholesterol, family history CVD,
education, SES; (4) and the same model including adjustment for air pollution (PM10).

N OR OR OR OR

(unadjusted) (age,sex adjusted) (full model) (full model+PM10)
All 7264  1.35(1.27-1.45)  1.06 (0.98-1.14) 1.07 (0.98-1.18)  1.08 (0.95-1.23)
Sex
Male 3507 1.37(1.25-1.51)7  1.12(1.00-1.24)°  1.09(0.97-1.23)  1.07 (0.90-1.28)
Female 4237  1.35(1.22-1.48)"  0.99 (0.88-1.11) 1.03(0.90-1.18)  1.08 (0.88-1.31)
Age (year)
<45 2705  0.96 (0.82-1.13) 1.00 (0.85-1.18) 0.97 (0.81-1.17)  0.95 (0.73-1.24)
45-55 1858 1.24(1.08-1.42)"  1.22(1.06-1.40)"  1.27(1.08-1.49)" 1.39(1.08-1.77)"
55-65 1368 0.97 (0.83-1.14) 0.98 (0.84-1.15) 1.00 (0.83-1.21)  1.08 (0.82-1.43)
> 65 1333 0.99(0.83-1.18) 0.96 (0.80-1.15) 0.98 (0.79-1.21)  0.90 (0.69-1.18)
Noise
(Laen,dBA)
<55 4325 1.35(1.11-1.65)  1.06(0.84-1.32) 1.12(0.86-1.44)  1.01(0.76-1.34)
>55 2939  1.24(1.02-1.52)"  0.99 (0.79-1.25) 1.03 (0.79-1.34)  1.20(0.81-1.77)
UAC (mg/L)
<10 2105 1.42(1.24-1.62)°  1.08(0.92-1.25) 1.04 (0.87-1.24)  1.03(0.82-1.31)
> 10 5158  1.31(1.21-1.42)"  1.04(0.95-1.14) 1.08 (0.97-1.20)  1.09 (0.93-1.28)

** Significant relationship (p < 0.05)
* Indication of a trend (p < 0.1)
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3.4 Discussion and Conclusions

Without adjustment for confounders, an association was found between exposure to
road traffic noise and hypertension. Unadjusted odds ratios ranged from 1.31 to 1.35 per
10 dB increase in noise level (Lge,) in the total samples. However, after adjustment for
confounders, these odds ratios became smaller and not significant.

Investigation by analyses per subgroup of a possible moderating effect of age showed
strongest associations in the age group of subjects between 45 and 55 years old. After
adjustment for confounders, odds ratios were highest in this age group for self-reported
antihypertensive medication use in the city of Groningen sample. Further analysis in the
PREVEND cohort showed similar results. Significant associations for hypertension were
shown for the subjects who were between 45 and 55 years old. Thus, our results suggest
an interaction between exposure to noise and age, with effects occurring in middle-aged
adults (45 to 55 years). Statistical tests showed the interaction was significant in the
PREVEND cohort, but not in the city of Groningen sample.

Relative risk estimates for subjects younger than 45 years were not significant. This
might be explained by a lack of power, as a result of low prevalence of hypertension at a
younger age. Furthermore, some of the subjects in this age group might suffer from
secondary hypertension. At an older age, hypertension is relatively common. It is not
clear why the estimated relative risk is not significantly different in subjects older than 55
years, although the risk does seem to be elevated in the respondents between 45 and 55
years old. A possible explanation is that the influence of environmental exposure might
become relatively less dominant compared with that of other risk factors, by an overall
decrease in health status in the older population. Alternatively, it might be a true effect
that subjects who are between 45 and 55 years old might be more sensitive to exposure
to road traffic noise, compared with younger and older subjects. This would be
consistent with noise annoyance studies. A large meta analysis showed an inverted U-
shaped relationship of noise annoyance with age, with highest effects occurring around
the age of 50 years (Groothuis-Oudshoorn and Miedema, 2006).

We explored if noise effects were different at higher noise levels. After adjustment for
confounders, a stronger association was found for subjects exposed to higher noise
levels (Lgen > 55 dB) in the city of Groningen sample. In analogy, further analysis in the
PREVEND cohort showed higher adjusted odds ratios when adjusted for PM10 at higher
noise levels for hypertension, although this did not reach significance. A stronger
reaction to higher noise exposure may be explained by a threshold for effects, or by a
non-linear exposure-effect relationship. However, in further analysis, this could not be
conclusively confirmed.
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No differences in effect between men and women were found. Previous studies on road
traffic noise and hypertension reported higher prevalence of hypertension in men who
reported to live in a busier street (Herbold et al., 1989) and higher self reported use of
antihypertensive medication use in men who reported a higher annoyance score
(Belojevic and Saric-Tanaskovic, 2002). On the other hand, a large recent Swedish study
reported an association between noise and self reported hypertension for women, but
not for men (Bjork et al, 2006). An older study reported no significant differences in
hypertension between noisy and quiet streets for housewives between 40 and 49 years
old (Knipschild et al., 1979); men were not included in the study. In these studies no
actual noise levels were available, and subjective measures of exposure were used. In
the Cearphilly and Speedwell studies, effects of road traffic noise on cardiovascular
health (ischemic heart disease) were examined in middle-aged men. These studies did
assess actual levels of noise exposure at the home, although they did not specifically
focus on the relationship of noise exposure to hypertension. They presented results for
blood pressure as a cardiovascular risk factor. Both positive and negative associations for
noise exposure and measured blood pressure were reported (Babisch et al., 1988;
Babisch, et al., 1993; Babisch et al., 1999). To our knowledge, the use of blood pressure-
lowering medication was not included in the analysis. Because a substantial percentage
of middle aged men uses anti-hypertensive medication, this may have influenced the
findings.

The present results show that the effects of road traffic noise on hypertension do not
wane when we adjust for air pollution; instead, they seem to become even more
pronounced. These outcomes strongly suggest that effects of noise on hypertension
cannot be explained by an association between noise and air pollution, and air pollution
being the true cause of effects.

Recently, a number of new studies have become available investigating the relationship
between road traffic noise and hypertension, taking into account air pollution (Foraster
et al., 2014; Babisch et al., 2014; Sgrensen et al., 2011). In addition, a number of studies
have become available focusing on the association between traffic noise and blood
pressure, while taking air pollution into account (Liu et al., 2014; Bilenko et al., 2013;
Dratva et al., 2012). In a recent systematic review of studies into cardiovascular effects of
traffic related noise and air pollution, Tetreault et al. (2013) concluded that the available
studies suggest that confounding between noise and air pollution is limited, in line with
the results of this study. However, the number of studies that is currently available is still
limited, and there are large methodological differences between studies. Therefore, it
still seems too early for strong conclusions on potential confounding or interaction. More
studies are needed to assess the relative contribution of road traffic noise and air
pollution.
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The pathway for cardiovascular health effects of environmental noise exposure is
hypothesized to involve stress reactions related to noise exposure (Ising et al., 1999).
After disturbance of activities, communication or sleep, exposure to noise may directly
or indirectly lead to activation of the sympathetic system and the endocrine system
(hypothalamus-pituary-adrenal [HPA] axis), resulting in increased heart rate with
reduced variability and elevated levels of cortisol. This might, possibly in combination
with other factors, lead to increases in biological risk factors (e.g., increase in blood
lipids, blood pressure, blood glucose, and blood viscosity). Increases in biological risk
factors may induce manifest diseases (e.g., hypertension, arteriosclerosis, ischemic heart
disease) (Babisch et al.,, 2001; Babisch et al., 2003). Associations between long-term
exposure to environmental noise in the residential environment and cardiovascular
health have been found previously. Epidemiological studies indicate that environmental
noise exposure increases the risk for cardiovascular diseases in adults (Babisch et al.,
2000; Van Kempen et al., 2002; Babisch et al., 1999; Babisch et al., 2003; Babisch et al.,
2004; Babisch et al., 2005). Our results suggest that hypertension in middle-aged people
(45 to 55 years old) may mediate the influence of noise on cardiovascular disease.

When generalizing the relative risk estimates for the population in the city of Groningen
to other cities, some aspects need consideration. Results of this study have to be
confirmed in different populations. Potentially relevant differences with other cities may
include traffic composition, exposure, and population characteristics. Traffic composition
in Groningen may be fairly representative for that in an average sized city. Groningen
comprises a large variety in road types, including a number of highways, large arterial
roads, and a busy ring road. The population of Groningen is relatively homogenous.
There is little ethnic variety. More than 95% of the population is Caucasian.

There was a limited variation in exposure to air pollution (PM10) within the population of
Groningen. This may be why no significant contribution to the relative risk for
hypertension was found for exposure to air pollution. As far as there were variations in
exposure to air pollution, these were accounted for in our most extended models.

The location of busy roads may influence the social structure of the population, for
example, by attraction of people with a lower social economic status to noisy areas
through lower housing prices. To account for this, we adjusted for a neighborhood
indicator of poverty, and in the PREVEND cohort, we added education as an indicator of
SES and BMI as anindicator of lifestyle. After adjustment for age and sex, additionally
adjusting for other variables did not substantially change relative risk estimates.

The PREVEND cohort is a subsample of the initial random city of Groningen sample,
consisting of the subjects with a morning urinary albumin concentration greater than 10
mg LY supplemented with a random subsample. It is unknown to what extent this
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enrichment for albuminuria may have affected relative risk estimates. However, results
show no substantial differences in relative risk estimates between subjects with low and
subjects with elevated morning UAC.

To our knowledge, this is the first time that the effects of road traffic noise exposure in
the residential environment on hypertension are studied in such a large random sample.
Instead of using subjective measures, as in some previous studies (e.g., self-reported
annoyance or road type), we used objectively assessed levels of road traffic noise,
enabling us to quantitate relative risk estimates by increase in noise level. A unique
aspect of this study on the effects of exposure to road traffic noise was that, in addition
to common cardiovascular risk factors, exposure to air pollution was taken into account.
Thus, the investigation of an independent contribution of exposure to road traffic noise
to hypertension was made possible.

The PREVEND cohort provided an additional opportunity for further analysis. In this
subsample, more detailed information on both the effect variables and confounders was
available. For the subjects in this cohort, measurements of systolic and diastolic blood
pressure were available. In addition, pharmacy-based data on use of antihypertensive
medication were available. Combined, these data form a strictly objective measure of
overall hypertension. This measure may be most accurate in capturing all people with
hypertension (also those who do not know they have hypertension), because it includes
both people who are on hypertensives and those who are not.

Although the relative risks estimates for the age group between 45 and 55 years old may
be rather small, the public health impact may be substantial. Because hypertension is
common at this age, and a large percentage of the population is exposed to substantial
levels of road traffic noise, a relative risk of 1.2 to 1.4 may yield a substantial increase in
the prevalence of hypertension and possibly cardiovascular disease. This study shows
that it is plausible that, like aircraft noise (Rosenlund et al., 2001; Franssen et al., 2004),
road traffic noise may be associated with hypertension. In the general population,
compared with aircraft noise, a relatively high percentage of people are exposed to road
traffic noise. Therefore, the latter may even be more of a public health problem.
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