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SUMMARY 
 
Scott Wilson has been appointed by the Environmental Protection Department (EPD) to carry out a 
Comparative Study of Noise Levels in Hong Kong under Tender No. NP03-055 (the Main Study). 
 
Scott Wilson was also appointed by EPD to carry out a literature review and a pilot survey on non-auditory 
health effects caused by environmental noise, as Additional Work. In carrying out this Additional Work, 
Scott Wilson were assisted by Mr Bernard F Berry of Berry Environmental Ltd, UK, who acted as the 
technical adviser. 
 
This Additional Work for the Main Study is divided into two parts, i.e. (a) to provide an update/review of the 
previous research that has been carried out on non-auditory effects caused by environmental noise and (b) 
to evaluate the human effects and exposure-response relationships due to environmental noise by 
conducting a pilot survey in respect of the occupants in all the 24-hour measurement sites in the Main 
Study.  
 
In the first part of the Study, we have reviewed papers, reports and other documents examining the 
relationship between noise and non-auditory health effects which were published mainly during or after 
2002. Further to the final report on “The Collection of Information on the Non-Auditory Effects due to 
Environmental Noise Exposure” published in June 2002, the literature review for the non-auditory health 
effects focuses on several main categories, such as cardiovascular effects, sleep disturbance, annoyance, 
mental health and cognitive performance etc. The major findings of various health effects due to road 
traffic noise are summarized below. 
 
Non-auditory health effects Major findings 
Cardiovascular diseases/ 
response 

Findings for effects of chronic environmental noise exposure on risks of 
cardiovascular diseases were inconclusive. Most studies found insignificant 
correlations, if any, between road traffic noise exposure and risks of 
cardiovascular diseases such as hypertension, ischemic heart disease and 
myocardial infarction, etc. Although human experiments indicated that short-term 
noise exposure would lead to immediate changes in circulation such as 
increased blood pressure and heart rate, there was no evidence that chronic 
exposure to environmental noise leads to the increase in these parameters 
beyond the normal levels.  
 
 

Sleep disturbance Positive association was found between sleep disturbance and road traffic noise 
exposure in many studies. Exposure-response relationships between road traffic 
noise and sleep disturbance had been developed by some researchers for the 
estimation of proportion of sleep-disturbed population with respect to nighttime 
noise levels. Evidence for effects of noise on different sleep stages and 
habituation of sleep to noise was limited. 
 

Annoyance Positive association was found between self-reported annoyance and road traffic 
noise exposure in many studies. Exposure-response relationships between road 
traffic noise and annoyance had been developed by some researchers for the 
estimation of proportion of annoyed population with respect to noise exposure 
levels.  
 

Mental health Findings that noise causes mental illnesses were lacking. Very few studies on 
effects of road traffic noise were found and results were inconsistent.  
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Non-auditory health effects Major findings 
Cognitive performance Very few studies on effects of road traffic noise were found and all of them 

focused on cognitive performance of school children only, and little information 
was given for other groups of the general population. Findings for effects of road 
traffic noise on cognitive performance were inconclusive.  
 

Stress/endocrine response All studies evaluated were experiments that concerned effects of short-term 
acute noise on small sample group. Findings for influence of chronic noise 
exposure on stress/endocrine response were inconclusive.  
 

Other health effects A range of other health effects by noise exposure had also been examined. 
However, the number of literature supporting these effects was very small and 
findings were very limited.  
 

 
Other than on-going studies of specific non-auditory health effects, it is noted that the World Health 
Organization (WHO) has initiated study to estimate the burden of disease related to general population’s 
exposure to environmental noise in non-occupational settings. A measure, known as Disability-Adjusted 
Life Year (DALY) has been proposed for assessment and quantification of disease burden. Use of DALY 
allows comparing with the disease burden associated with different environmental risk factors. The WHO 
will release more information of the study report. Review of study in this area could be considered when 
further update of non-auditory health effects is conducted. 
 
In the second part of the study, a pilot scale noise survey was performed with a sample size of 80 residents 
from 40 premises with 24-hr noise measurement data obtained in the Main Study to collect information on 
the attitudes of the occupants towards environmental noise and to evaluate any associations between 
noise exposure and various non-auditory effects such as annoyance, self-reported sleep disturbance, 
chronic illnesses, etc. This also served as a pilot study to assess the feasibility of conducting a large-scale 
noise annoyance survey in Hong Kong. 
 
The comparison between established exposure-response relationships between nose exposure levels 
and annoyance/sleep disturbance and the results obtained in the current Study showed the 
procedures/steps of overseas studies adopted were found feasible in Hong Kong situation. While the 
survey result produced similar trend with considerable scattering, discrepancies observed were due to the 
limited groups in the current Study because random factors, individual and local circumstances and 
difference in study characteristics would influence the noise effects. 
 
A cross-sectional, region-wide socio-acoustical survey which covers different areas according to their 
physical locations and degree affected by influencing factors and contains representative sample is 
recommended for the development of exposure-response relationships of noise annoyance and sleep 
disturbance with respect to road traffic noise exposure. Such exposure-response relationships would 
enable to understand the distribution of noise exposure in different districts and how noise annoyance and 
sleep disturbance of the general public are likely to be influenced by road traffic noise. 
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GLOSSARY 
 
Actigraphy  The measurement of accelerations associated with the movement of an actimeter. 

In scientific research, an actimeter is a device resembling a wristwatch, which 
measures how much the wearer moves (by recording accelerations above a given 
threshold) over a predetermined time interval, typically between one second and 
one minute. The curve representing the amount of movement as a function of time 
is known as an actigram 
 

Adrenaline  Adrenaline is a hormone secreted by the adrenal medulla. When released into the 
bloodstream, adrenaline binds to multiple receptors and has numerous effects 
throughout the body. It increases heart rate and stroke volume, dilates the pupils, 
and constricts arterioles in the skin and gut while dilating arterioles in leg muscles. It 
elevates the blood sugar level by increasing catalysis of glycogen to glucose in the 
liver 
 

Catecholamine  Catecholamines are chemical compounds derived from the amino acid tyrosine. 
Some of them are biogenic amines. Catecholamines are water soluble and are 50% 
bound to plasma proteins, so they circulate in the bloodstream. The most abundant 
catecholamines are adrenaline, noradrenaline and dopamine. They are produced 
mainly from the adrenal medulla and the postganglionic fibers of the sympathetic 
nervous system. Catecholamines cause general physiological changes that 
prepare the body for physical activity  
 

Cortisol  Cortisol is a corticosteroid hormone produced by the adrenal cortex that is involved 
in the response to stress; it increases blood pressure, blood sugar levels, may 
cause infertility in women, and suppresses the immune system 
 

Diastolic blood 
pressure 

 Diastolic blood pressure is defined as the lowest pressure in the arteries at the 
resting phase of the cardiac cycle. It is measured in mmHg 
 

EEG-arousal/ 
awakening 

 Transition from a state of sleep to a state of consciousness, as determined by a 
sleep EEG 
 

Equivalent sound 
pressure level over a 
given time interval T: 
LAeq,T 
 

 Exposure to noise for the duration of a given time interval T expressed as the sound 
pressure level (measured in dB(A)), equivalent in energy, over the interval in 
question. 

Hypertension  A condition characterized by systolic blood pressure higher than 160 mmHg and/or 
diastolic blood pressure higher than 100 mmHg (internationally recognized 
definition) 
 

Hypothalamo-pituitary
-adrenocortical (HPA) 
axis  

 A major part of the neuroendocrine system that controls reactions to stress and 
regulates various body process and is the mechanism for a set of interactions 
among glands, hormones and parts of the mid-brain that mediate a general 
adaptation syndrome 
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Hypothalamus  The hypothalamus is a region of the mammalian brain functioning to regulate 
certain metabolic processes and other autonomic activities 
 

Insomnia  Sleeping disorder consistent with an internationally accepted definition, which takes 
account of difficulty falling or staying asleep, the daytime implications and the 
duration of the problems 
 

Ischemic heart 
disease 

 Ischemic Heart Disease (IHD), otherwise known as Coronary Artery Disease, is a 
condition that affects the supply of blood to the heart. The blood vessels are 
narrowed or blocked due to the deposition of cholesterol plaques on their walls. 
This reduces the supply of oxygen and nutrients to the heart musculature, which is 
essential for proper functioning of the heart. This may eventually result in a portion 
of the heart being suddenly deprived of its blood supply leading to the death of that 
area of heart 
 

L10(1 hour)  L10(1 hour) is the noise level exceeded for 10% of the 1 hour period. It is generally 
used to describe traffic noise during the hour of peak traffic flow 
 

LAmax  Maximum outdoor sound pressure level associated with an individual noise event 
 

LAmax_i  Maximum indoor sound pressure level associated with an individual noise event 
 

Lden/DENL  Equivalent outdoor sound pressure level attributable to a particular type of noise 
source, over a 24h period, adjusted using evening and night factors, normally 
calculated on an annual basis: 
Lden = 10log[(12/24)*10LD/10 + (4/24)*10(LE+5)/10 + (8/24)*10(LN+10)/10] 
where LD, LE and LN are the A-weighted long term LAeq for the day (7-19h), evening 
(19-23h) and night (23-7h) respectively 
 

Ldn/DNL  Equivalent outdoor sound pressure level attributable to a particular type of noise 
source, over a 24h period, adjusted using night factor, calculated on an annual 
basis: 
Ldn = 10log[(15/24)*10LD/10 + (9/24)*10(LN+10)/10] 
where LD and LN are the A-weighted long term LAeq for the day (7-22h) and night 
(22-7h) respectively 
 

Li  Equivalent sound pressure level representative of exposure to a particular type of 
noise source, occurring in an individual's bedroom while he or she is asleep 
 

Lnight  Equivalent outdoor sound pressure level associated with a particular type of noise 
source between 11pm and 7am, calculated over a period of a year 
 

Lnight_i  Equivalent indoor sound pressure level associated with a particular type of noise 
source between 11pm and 7am, calculated over a period of a year. Lnight_i equals 
Lnight minus a sound attenuation value specific to the fabric of the individual building 
and the particular type of noise source 
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Morbidity rate  The prevalence of a disease: the total number of cases in a particular population at 
a particular point in time 
 

Motility  The presence of movement in a short time interval, as recorded in an actigram 
 

Myocardial infarction  Commonly known as a heart attack and is a disease that occurs when the blood 
supply to a part of the heart is interrupted. The resulting oxygen shortage causes 
damage and potential death of heart tissue 
 

Myocardium  Myocardium is a muscular tissue of the heart 
 

Neurosis  A broad category of psychological disturbance, encompassing various mild forms of 
mental disorder 
 

Neuroticism  Neuroticism is a fundamental personality trait in the study of psychology. It can be 
defined as an enduring tendency to experience negative emotional states. 
Individuals who score high on neuroticism are more likely than the average to 
experience such feelings as anxiety, anger, guilt, and depression. They respond 
more poorly to environmental stress, and are more likely to interpret ordinary 
situations as threatening, and minor frustrations as hopelessly difficult. They are 
often self-conscious and shy, and they may have trouble controlling urges and 
delaying gratification 
 

Non-rapid eye 
movement (NREM) 
sleep stage 
 

 Composed of S1, S2, S3 and S4 sleep stages and followed by REM sleep stage 

Noradrenaline  It is released from the medulla of the adrenal glands as a hormone into the blood, 
but it is also a neurotransmitter in the nervous system where it is released from 
noradrenergic neurons during synaptic transmission. As a stress hormone, it affects 
parts of the human brain where attention and impulsivity are controlled. Along with 
adrenaline this compound affects the fight-or-flight response, activating the 
sympathetic nervous system to directly increase heart rate, release energy from 
glucose and glycogen, and increase muscle readiness 
 

Paradoxical sleep   Also known as rapid eye movement (REM) sleep 
 

Polysomnography  The measurement during a subject’s time in bed of his or her brain activity by 
means of electroencephalogram (EEG). The technique involves the use of 
electrodes to record electrical potentials in the brain. On the basis of international 
standards, the data collected can be used to identify phenomena such as the 
stages of sleep 
 

Psychosomatic 
disorder 

 A disorder characterized by physical symptoms resulting from psychological 
factors, usually involving a system of the body such as the gastrointestinal or 
genitourinary system. Also called psychophysiologic disorder 
 



Environmental Protection Department  
Tender No. NP03-055 
Additional Work for A Comparative Study of Noise Levels in Hong Kong 

Scott Wilson Ltd 
 

November 2007 
 

 

 
  Final Report   

 
   

iv 

Rapid eye movement 
(REM) sleep stage 

 The sleep stage after the NREM sleep stage. The first REM sleep period usually 
begins about 70 to 90 min after one falls asleep. During the REM stage, the brain is 
very active although s/he is unconscious. People dream during this stage. His/her 
eyes dart around, breathing rate and blood pressure rise. After the REM sleep, the 
whole sleeping stage cycle begins again 
 

S1 sleep stage  During S1 sleep stage, one is half awake and half asleep. S/he drifts in and out of 
sleep for about 5 to 10 min and can be awakened easily. His/Her eyes move very 
slowly and muscle activity slows 
 

S2 sleep stage   During S2 sleep stage, eye movement stops and brain waves (fluctuations of 
electrical activity that can be measured by electrodes) become slower, with 
occasional bursts of rapid waves called sleep spindles. The breathing pattern and 
heart rate start to slow down 
 

S3 and S4 sleep 
stages 

 It is very difficult to wake someone during S3 and S4 sleep stages, which together 
are called deep sleep. There is no eye movement or muscle activity. People 
awakened during deep sleep do not adjust immediately and often feel groggy and 
disoriented for several minutes after they wake up 
 

SEL (sound exposure 
level) 

 The constant sound level in decibels which, if lasting for one second, would deliver 
the same amount of acoustical energy as that delivered over the entire 
measurement period 
 

SEL_i    As above but measured indoors 
 

Sleep 
electroencephalogram 
(EEG)  

 Graph created using data from EEG scanning during a subject's time in bed, 
showing the various stage of sleep as a function of time. From such a graph, it is 
possible to draw conclusions regarding the structure of the subject's sleep 
 

Sleep fragmentation  Within a sleep period, the frequency and duration of intervals of wakefulness 
recorded on a sleep EEG or intervals of motility recorded on an actigram 
 

Sleep inception time  The point in time when a person falls asleep 
 

Sleep latency  The length of time taken to fall asleep, i.e. the interval between the point at which a 
person begins trying to go to sleep or allowing him/herself to go to sleep and sleep 
inception time 
 

Sleep period  Period between sleep inception time and awakening time, including any interim 
intervals of wakefulness 
 

Slow wave sleep  Also known as non-rapid eye movement (NREM) sleep 
 

Sound pressure level  The level of a noise at a given point in time, expressed in dB(A) (A-curve decibels) 
 

Systolic blood 
pressure 

 Systolic pressure is defined as the peak pressure in the arteries during the cardiac 
cycle. It is measured in mmHg 
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Time in bed  The sum of a sleep period and the associated sleep latency period 
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PART I 
 
 

ENVIRONMENTAL NOISE AND NON-AUDITORY  
 

HEALTH EFFECTS: A LITERATURE REVIEW 
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1. INTRODUCTION 
 

Noise is defined as “unwanted sound” and environmental noise, also known as “community noise”, 
is defined by the World Health Organization (WHO) as noise emitted from all sources, except 
noise at the industrial workplace (WHO, 1999). Main sources of community noise include road, rail 
and air traffic, industries, construction and public work, and the neighbourhood. The extent of the 
environmental noise problem is large, and the problem continues to grow with population growth, 
urbanization, and enlargements of highway systems, international airports and railway systems. 
Most people are typically exposed to several noise sources, with road traffic noise being a 
dominant one. More than one million people in Hong Kong are affected by road traffic noise (EPD, 
2006).  
 
Health effects of environmental noise have been widely studied. According to the WHO (1994), an 
adverse effect of noise is defined as “a change in the morphology and physiology of an organism 
that results in impairment of functional capacity, or an impairment of capacity to compensate for 
additional stress, or increases the susceptibility of an organism to the harmful effects of other 
environmental influences”. This definition includes any temporary or long-term lowering of the 
physical psychological or social functioning of humans or human organs. While exposure to high 
intensity noise, predominantly at the workplace, has been suggested to be related to hearing 
impairment (WHO, 1999), some research studies also focused on other health effects of 
environmental noise exposure. For instance, a WHO Task Force had identified the following 
specific health effects for the general population that may result from environmental noise: 
annoyance responses, effects on sleep, and on the cardiovascular and psycho-physiological 
systems, and effects on performance and social behaviour (WHO, 1999).  
 
In view of the growing concern of environmental noise, it is important to understand the 
associations between environmental noise and these effects to health. This Report presents a 
critical literature study that covers a wide range of overseas research works on environmental 
noise and different non-auditory effects. It provides a summary, based on literature between year 
2002 and 2006, on studies related to environmental noise and non-auditory health effects. 
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2. OBJECTIVES AND SCOPE 
 

The objectives of this literature review are to collate and review recent research concerning 
non-auditory effects caused by environmental noise, with reference to the final report on 
“Collection of Information on the Non-auditory Effects due to Environmental Noise Exposure” 
which contains relevant information on overseas studies (Wong et al, 2002). 

 
The scope of this present literature review study involves the following tasks: 

 
a) To collect information on medical and academic research on non-auditory effects caused by 

environmental noise making reference to studies in European countries, Asian countries, 
the United States, Canada and Australia. 

 
b) To summarize the major findings of each study and provide information on the study 

methodology, the type of noise, the nature of exposed population, and any limitations of the 
study. 

 
c) To analyze the information collected and collate any conclusions made on 

exposure-response relationships between environmental noise and non-auditory health 
effects, and take into account other confounding factors such as age, gender, occupation 
etc. 
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3. METHODOLOGIES 
 

3.1 Source of data 
 
The literature was identified systematically based on (a) manual search from the lists of 
references in review articles and other research papers on environmental noise and its 
non-auditory health effects and (b) manual search for the journals available in the worldwide web 
for the most up-to-date articles/papers on related topics. 
 

3.2 Criteria for articles / publications to be reviewed 
 

Literature obtained in this review included original research articles and review papers published 
in academic journals or theses from year 2002 to 2006. Reports, guidelines and other documents 
from WHO and the European Union (EU) on environmental noise were also included. The 
literature mainly assessed and described the relationship between environmental noise exposure 
and human non-auditory responses.  
 

3.3 Data extraction and summary 
 
All reports were first reviewed and categorized into different topics on non-auditory effects. 
Contents in each paper were extracted subsequently in a tabular form including the following 
information: author(s), source, title, subjects, study type, confounding factors, influencing 
covariates, outcome variables, threshold values, major findings, as well as weaknesses of study. 
 
Since there exist variations and inconsistencies among the measurements or experiments and 
designs of the studies, it was not feasible to analyze individual results in a quantitative manner. A 
descriptive review has therefore been adopted to characterize the reported relationships between 
noise exposure and non-auditory health effects. 
 
The review of these reports covered a wide range of non-auditory effects, in particular, 
cardiovascular effects, sleep disturbance, annoyance response, psychological disorders, and 
endocrine responses. The effects on cognitive, working and learning performances were also 
reviewed.  
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4. LITERATURE REVIEW 
 
Reference was made to research on human and laboratory animals exhibiting non-auditory 
effects under noise exposure. Most of the materials were previously published in international 
journals with its full content available on the worldwide web, while other collected materials were 
editorial articles, conference papers and theses produced by universities. 
 
Studies conducted in the referred materials are typically in the form of research articles and 
experimental analysis. For articles written for research purposes, outcomes of the relevant factors 
were reviewed based on previous epidemiological studies or even laboratory results. In-depth 
studying on correlations with other influential and background factors would also be addressed. 
 
The research studies were commonly conducted in the format of either longitudinal, 
cross-sectional, experimental, literature review or meta-analysis and have the following features: 
 
Longitudinal studies:  

- subjects of the study are exposed to certain conditions or receiving particular 
treatments over a period of time 

- results are then compared with another group of subjects who are not affected by those 
conditions 

- more credible in establishing a exposure-response relationship 
 
Cross-sectional studies: 

- observing a defined population at a signal point in time or time intervals 
- exposure and outcome are determined simultaneously 
- lack of temporal sequence between “exposure” and “health outcomes” 
 

Experimental studies: 
- subjects (human or animal) are exposed to certain conditions or receiving particular 

treatments over a short period of time 
- sample size is usually small and only effects of acute exposure could be determined 
- difficult in correlating effects on animal subjects to human 

 
Literature review: 

- summary of results of previous research studies 
- publication bias may exist, i.e. negative findings are less likely to be published than 

those with significant positive findings 
 

Meta-analysis: 
- combine statistically the results of several studies that address a set of related research 

hypotheses 
- sources of bias are not controlled by the method and publication bias may exist 

 
The collected materials were first categorized in accordance to the non-auditory effects 
investigated or analyzed. Researched topics and aspects that were addressed in the previous 
report (Wong et al, 2002) provided a framework for updating the new findings and reviewing all 
possible non-auditory health effects. Relevant materials were then selected and elaborated in 
subsequent chapters. 

 
Figure 4.1 shows the reaction scheme on which epidemiological questions and test hypotheses in 
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noise research is based. The scheme illustrates a simplified cause-effect chain for certain 
non-auditory health effects and their inter-relationship between each other. The noise effect model 
provides pathways on how noise can affect human health both directly and indirectly.  It suggests 
that noise can initially induce short-term effects on stress indicators. These stress indicators in 
turn give rise to biological risk factors such as blood pressure and cardiac output, which may 
ultimately manifest as diseases such as hypertension and ischemic heart disease. Studies on 
environmental noise-induced health effects aim at testing the validity of such hypotheses.  
 
Figure  4-1 Epidemiological view of noise effects model (Babisch, 2002) 
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5. NOISE AND CARDIOVASCULAR DISEASES / RESPONSE 
 
5.1 Noise and cardiovascular effects – 19 articles 
 

Nineteen studies on cardiovascular effects of noise between the period 2002 and 2006 were 
reviewed. These included population-based epidemiological studies, human experiments and 
literature reviews. A few studies on occupational noise are also included as reference to examine 
the influences of exposure to higher noise levels. Noise sources studied in population-based 
studies include road traffic and aircraft noise while those in human experiments involved artificial 
noise or recorded traffic noise. Outcomes reported included cardiovascular parameters such as 
systolic blood pressure, diastolic blood pressure, heart rate and pulse amplitude, incidence of 
ischemic heart disease, and medication for cardiovascular diseases.  

 
5.2 Literature review studies (8 articles) 

 
Several literature review studies have been conducted to summarize the findings of previous 
research on cardiovascular effects of environmental noise. Most of these literature review studies 
indicated that there was no strong evidence supporting that noise would induce higher risks of 
cardiovascular diseases. Although very often epidemiological studies or community studies 
showed positive correlations between environmental noise (mainly traffic noise) intensity and risks 
of cardiovascular diseases such as hypertension, ischemic heart disease, myocardial infarction, 
angina pectoris, etc, most of these correlations were not statistically significant (Babisch, 2005, 
2006; enHealth Council, 2004; Hollander et al, 2004; Van Kempen et al, 2002; Van Kempen et al 
2005). Babisch (2006) conducted two separate meta-analyses by considering five analytic studies 
and two descriptive studies, all of which concerning road traffic noise during the day (Lday: 6-22h) 
and the incidence or prevalence of myocardial infarction of male subjects as the outcome. Both 
meta-analyses showed elevated relative risks of myocardial infarction in higher noise exposure 
groups with noise levels greater than 60 dB(A), but these relative risks are not statistically 
significant.  
 
Some studies suggested that the cardiovascular effects were not solely the result of noise 
exposure itself, but that psychological factors, such as noise annoyance and/or noise-induced 
activity disturbance, might also play a role (Babisch, 2006; Van Kempen, 2005). Despite the little 
association between noise exposure and cardiovascular effects, some studies have suggested 
threshold values of long-term exposure to road traffic noise of 60 dB(A) Lday for increased risk of 
myocardial infarction for male adults (Babisch, 2006). 
 
Table 5.1 summarizes the literature review studies on cardiovascular effects of noise. 

 
5.3 Population-based studies (5 articles) 
 

There are five population-based observational studies on human subjects, one is longitudinal 
study and four are cross-sectional studies. Most of them focused on the effects on cardiovascular 
responses by road traffic or aircraft noise. The most notable study was a prospective cohort study 
by Babisch et al (2003) which investigated the relationship between chronic road traffic noise 
exposure and the prevalence and incidence of ischemic heart disease (IHD), and that between the 
subjective dimensions of sound – namely disturbances and annoyance – and the prevalence and 
incidence of IHD. Two cohorts of totally 3,950 middle-aged men from Caerphilly, South Wales and 
Speedwell, England were followed up in the six-year study. Noise measurements were carried out 
in the streets where the subjects lived were carried out to determine the outdoor noise exposure 
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from 0600h to 2200 h (LAeq,6-22h). In personal interviews annoyance and disturbance of traffic noise 
at home were assessed. The incidence of IHD was defined when a major IHD event occurred 
between the follow up phases. The authors reported that, under chronic noise exposure ranged 
between 51 and 70 dB(A), no associations between outdoor traffic noise level and IHD prevalence 
could be observed. On the other hand, a positive relationship was found between noise 
annoyance/disturbance and IHD incidence, but it was significantly confounded by pre-existing 
diseases. In subjects with no pre-existing disease, those highly annoyed/disturbed showed higher 
relative risks of IHD than those never annoyed/disturbed, while in subjects with pre-existing 
disease, no association between annoyance/disturbance due to traffic noise and IHD incidence 
was found. However, the authors also pointed out that the study might suffer from recall bias. 
Subjects with chronic health problems might be more likely to give exaggerated answers about 
their annoyance/disturbance by traffic noise although not virtually being stressed by the noise. 
 
Two cross-sectional studies investigated the cardiovascular effects of aircraft noise around 
airports. Franssen et al (2004) studied 11,812 subjects within a radius of 25 km around Schipol 
Airport, Amsterdam, to determine the effects of aircraft noise within the study area, which had a 
noise level ranged 41 to 76 dB(A) Lden, on a number of health indicators including the use of 
medication for cardiovascular diseases or increased blood pressure. It was found that a small 
fraction of the prevalence of medication for cardiovascular diseases or increased blood pressure 
could be attributed to aircraft noise (Odds ratio = 0.08 per 10 dB(A) increase in Lden with potential 
confounders such as age, gender, education level, smoking behaviour etc, being controlled). 
Another study (Goto et al, 2002), on the contrary, found no cardiovascular effects of aircraft noise 
to residents near the airports. Four hundred and sixty-nine women living around Fukuoka airport, 
Japan and 1,177 women in a control area were studied. The subjects were living in three zones – 
I, II and 0. Zone I was area with noise level over 75 WECPNL (Weighted Equivalent Continuous 
Perceived Noise Level) and zone II was area with that over 90 WECPNL, while zone 0 was the 
suburban control area. In this Study no differences in ratios of people using medication for 
hypertension could be found between subjects in the exposed area and in the control area. Also 
no significant associations between systolic as well as diastolic blood pressures and aircraft noise 
levels could be observed. The authors suggested that there was no evidence showing aircraft 
noise would lead to elevated risks of cardiovascular disease. It should be noted that since both 
studies were cross-sectional, selection bias might exist. For instance, sensitive subjects might 
have moved out of the high noise areas, which might lead to underestimation of the effects of 
noise. The impact of selection on the results could not be estimated. 
 
Other studies include that conducted by Sobotová (2003), which investigated the effects of road 
traffic noise levels on psychosocial parameters, cardiovascular diseases and blood pressures of 
university students. Two hundred and twenty students living in the dormitory were exposed to road 
traffic noise of 67±2 dB(A) LAeq while 245 students in the control group were exposed to noise of 
58.7±6 dB(A) LAeq. In this Study the association between road traffic noise annoyance and 
diastolic blood pressure was found to be marginal, negative and not significant (Odds ratio  0.8; 
90% CI  0.4-1.1), and the association between road traffic noise annoyance and systolic blood 
pressure was marginal and negative (Odds ratio  0.9; 95% CI  0.7-1.1). Other correlations, 
such as that between noise annoyance and cardiovascular risk score, which was not clearly 
defined, were also not significant. 
 
Table 5.2 summarizes the review of literature on these human-population based studies. 
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5.4 Human experiments (4 articles) 
 

Human experiments aimed at evaluating the effects on blood pressures, heart rate and 
cardiovascular functions of short-term exposure to artificial noises. In a study conducted by 
Sakamoto et al (2002), female subjects were exposed to steady noise, fluctuating noise and music 
at different noise levels and their blood pressure were determined. It was found that during the 
exposure to steady noise, the incidence of elevated blood pressure was significantly increased at 
intensity above 54 dB LAeq, while the incidence of decreased blood pressure increased 
significantly below 54 dB LAeq. During the exposure to fluctuating noise, the incidence of elevation 
in systolic as well as diastolic blood pressure increased significantly at intensity above 54 and 58 
dB LAeq, respectively. No decrease in blood pressure was observed at any of the fluctuating noise 
intensities studied. Music also led to elevation of blood pressure and it was slightly modified by 
subjective emotional responses to music. In another work (Shi et al, 2004), which studied the 
effects of noise on heart rate and blood pressure of pregnant women during delivery, the authors 
found that subjects in the exposed group demonstrated higher heart rates compared to subjects in 
the control group. In contrast, Cousino et al (2004) reported that noise bursts with sound pressure 
level of 103 to 108 dB(A) did not significantly led to cardiovascular changes including systolic 
blood pressure, diastolic blood pressure and heart rate during the noise stress. When the subjects 
were told that they could stop the noise by pressing a button, their blood pressures and heart rates 
were reduced during post-stress periods when compared to the no-perceived-control group and 
even the no-noise group. The authors concluded that perceived control of noise could decrease 
cardiovascular aftereffects (cardiovascular effects during post-stress periods, i.e. after the 
stressor had ceased).  
 
Liu et al (2002) suggested that the differences in cardiovascular effects of noise on different 
subjects were due to the differences in subjects’ personalities. During exposure to road traffic 
noise of 90 dB(A) transmitted through headphones, subjects in the unstable group showed higher 
fluctuations in cardiovascular functions including cardiac output, left ventricular stroke work, total 
peripheral resistance and mean arterial pressure. The effects endure even at 20 min after the 
exposure. For the stable subjects, changes in the indicators showed fewer fluctuations and 
returned to the pre-exposure levels at 20 min after the noise exposure. 
 
To summarize, four human experimental studies were reviewed. Two of them involved the use of 
control groups, while the others were “before-and-after” studies. Parameters measured included 
heart rate, systolic blood pressure, diastolic blood pressure and cardiovascular indicators such as 
cardiac output, left ventricular stroke work, total peripheral resistance and mean arterial pressure. 
The results of these studies were inconsistent. Some (2 studies) suggested that non-acoustical 
factors such as perceived control of noise and subjects’ personalities also had influence on the 
cardiovascular effects. Since in many of these experimental studies very high level of artificial 
noise (> 90 dB(A)) were utilized and the exposure periods were relatively short, they provide little 
insight on cardiovascular effects on human beings chronically exposed to environmental noise, 
which is normally of lower level. 
 
Table 5.3 summarizes the human experimental works on cardiovascular effects of noise. 
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5.5 Studies on occupational noise (3 articles) 
 
Although the effects of environmental noise were focused in this Report, studies on occupational 
noise were also reviewed as reference to examine the influences of higher levels of noise 
exposure. Three articles about occupational noise were included. As expected, it was shown that 
the intensities of occupational noise, which ranged between 80 and 115 dB(A), were generally 
higher than those of environmental noise. All of the subjects in these studies were workers in noisy 
factories. It was reported that noise exposure did not affect heart rate (Abbate et al, 2002). 
However, it was found that increase noise exposure level and exposure period would lead to 
increase in systolic blood pressure as well as diastolic blood pressure (Abbate et al, 2002;  et 
al, 2003). It is apparent that the associations between occupational noise exposure and 
cardiovascular effects were more significant than those between environmental noise exposure 
and the effects. This is probably due to the higher intensity and longer exposure time of 
occupational noise.  
 
Table 5.4 summarizes the studies on cardiovascular effects of occupational noise. 

 
5.6 Conclusions 

 
Population based epidemiological studies, human experiments and literature reviews had been 
conducted to determine the risks of cardiovascular diseases caused by noise exposure. Although 
some human experiments indicated that short-term exposure to high-level noise would lead to 
immediate changes in circulation such as increased blood pressures and heart rate, this 
information provided little insight in the effects of chronic exposure to environmental noise, which 
was normally of much lower intensity. In fact it had been suggested there was no evidence from 
epidemiological data that environmental noise increases mean blood pressure beyond the normal 
levels in the adult population (Babisch, 2006). However, Babisch pointed out that this did not mean 
the hypothesis (noise causes high blood pressure in adult population) could be discarded, as 
many of these studies suffered from insufficient power, narrow exposure range or other difficulties 
in the study design. It is suggested keeping eye on the development of the study in order to have 
better understanding on this area. 
 
Findings for effects of chronic environmental noise exposure on risks of cardiovascular diseases 
were inconclusive. Most studies found insignificant correlations, if any, between environmental 
noise exposure and risks of cardiovascular diseases such as hypertension, ischemic heart 
disease and myocardial infarction, etc. 
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Table 5-1 Summary of literature review studies on noise effects on cardiovascular diseases\responses (8 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
002 
Babisch W. 2004. 
Noise & Health. 6(22). 
Pp. 69-81 

Health aspects of 
extra-aural noise 
research 
(Germany) 

A Literature review on 
epidemiological studies on 
association between noise and 
cardiovascular risks 

Not Applicable Not Applicable No threshold 
value presented 

 There are relatively few epidemiological noise studies 
compared to other environmental disciplines. In some of the 
traffic noise studies, there are problems such as 
misclassification of exposure, no or incomplete control of 
confounding factors and lack of exposure-response 
relationships. However, fairly consistent results of 
investigations can be recognized, particularly when ischemic 
heart disease is involved as the final health outcome, 
independently of considerations of significance 

 The relative risk of ischemic heart disease to persons living in 
areas subject to high traffic noise exposure may be slightly 
higher 

 Effects of aircraft noise have yet to be examined in future 
studies, but since aircraft noise acts on all sides of a building, 
i.e. different to road traffic noise, it is suspicious that the 
effects induced by aircraft noise could be greater than those 
induced by road traffic 

 The various evidence ratings of a correlation between traffic 
noise and cardiovascular disease (based on the assessment 
criteria of the “International Agency for Research on Cancer” 
(IARC, 1987)) by a number of review articles, which focused 
on evidence provided by the results of epidemiological 
environmental noise studies, can be summarized as follows: 
 Biochemical changes of risk factors: “Limited” evidence 
 Hypertension: “Inadequate/Limited” evidence 
 Ischemic heart diseases: “Limited/sufficient” evidence 

003 
Babisch W. 2005. 
Environmental Health 
Perspective. 113(1). 
Pp A14-A15. 

Noise and health 
(Germany) 

A Literature review on 
epidemiological studies on 
effects of noise on 
cardiovascular diseases 

Not Applicable Not Applicable No threshold 
value presented 

 Cardiovascular responses found during sleep were 
independent of sleep disturbance. A subject may sleep 
during relatively high noise levels but still show autonomic 
responses 

 Classical biological risk factors for cardiovascular disorders 
including high blood pressure and ischemic heart disease 
have been shown to be elevated in subjects who were 
exposed to high levels of traffic noise 

 Results of epidemiological noise studies suggested an 
increase in cardiovascular risk with increasing noise 
exposure. However, most of the individual studies that have 
been carried out lack statistical power 

 Outdoor sound levels Lden >65-70 dB(A) were found to be in 
association with cardiovascular diseases with odds ratios of 
1.2-1.8 in exposed subjects compared with unexposed 
subjects (< 55-60 dB(A)) 

 For noise level below an Lden of 55 dB(A), no major 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
annoyance reactions or adverse health effects were to be 
expected 

015 
enHealth Council. 
2004 
 

The health effects of 
environmental noise - 
other than hearing loss 
(Australia) 

A Literature review on research 
studies on relationship between 
cardiovascular disease and 
noise exposure 

Not Applicable Not Applicable No threshold 
value presented 

 Results from community studies provide little evidence that 
noise is related to hypertension 

 There may be a risk for cardiovascular disease for those who 
live in highly exposed areas (65-70 dB(A)) but the magnitude 
of the effect is likely to be small 

 Results from all studies on school children have not 
consistently demonstrated a blood effect of noise exposure 

028 
Hollander A E M, Van 
Kempen E E M M, 
Staatsen B A M. 2004. 
Death, DALYs or 
Dollars? Pp. 139-162 

Community noise 
burden of disease: an 
impossible choice of 
endpoints? 
(Europe) 

A Annual prevalence data 
obtained from Dutch health 
statistics 

Controlled during 
statistical analysis: age, 
gender 

Not Applicable No threshold 
value presented 

 The disability adjusted life years (DALYs) associated with 
noise attributable ischemic heart disease prevalence over 
one year for the Dutch situation was 200 DALYs/year/million 
assuming a cut-off point at 55 dB(A) LAeq(7-19h) 

(DALYs: The sum of years of potential life lost due to 
premature mortality and the years of productive life 
lost due to disability) 

 The noise attributable fraction of mortality due to 
hypertension in the Netherlands was 380 DALYs per million 
assuming a cut-off point at 55 dB(A) LAeq(7-19h) 

 The clinical significance of cardiovascular disease is 
obvious, but a causal relation with noise exposure is not yet 
fully supported by available epidemiological data or scientific 
consensus 

036 
King R P, Davis J R. 
2003. International 
Journal of Hygiene and 
Environmental Health. 
206. Pp. 123-131 

Community noise: 
health effects and 
management  

A Research studies on noise 
effects on health 

Not Applicable Not Applicable No threshold 
value presented 

 Noise may act in a manner similar to other environmental 
stressors in that it induces autonomic and hormonal systems, 
which in turn lead to cardiovascular effects 

 Epinephrine, nor-Adrenalineand cortisol mediate this stress 
reaction and can lead to elevated blood pressure, increased 
heart rate, increased blood viscosity, shifts in 
calcium/magnesium balance and increased serum lipids 

070 
Van Kempen E E M M, 
Staatsen B, Van Kamp 
I. 2005. 
RIVM Report 
63040001/2005 

Selection and 
evaluation of 
exposure-effect 
relationships for health 
impact assessment in 
the field of noise and 
health (Netherlands) 

A Research studies on effects of 
noise exposure on 
cardiovascular system 

Not Applicable 
 

Not Applicable No threshold 
value presented 

 A broad range effects of noise exposure on cardiovascular 
system were reported: 
i. Systolic and diastolic blood pressure differences 
ii. Changes in occurrence (prevalence, incidence) of 

hypertension, myocardial infarction and angina pectoris 
iii. Changes in number of hospital admissions and/or 

mortality due to cardiovascular disease 
However usually the effects found are small 

 It might be possible that physiological effects such as blood 
pressure, are not the result of the noise exposure itself, but 
that psychological factors might also play a role 

 In cross-sectional studies there might be the problem of 
self-selection. Somewhat sensitive subjects may move out of 
the polluted areas and dilute the effect of interest 

 Results of studies on children aged 3-17 years were rather 
inconsistent. Results for diastolic blood pressure and heart 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
rate were contradictory very often. Conclusions that can be 
drawn from these studies are very limited because of 
methodological problems (e.g. small differences in noise 
levels between exposure groups, potential selection bias, 
lack of control for socio-economic status factors, insulation 
and parental history of high blood pressure) 

 In meta-analysis on association between noise exposure and 
cardiovascular disease, it is difficult to overcome the fact that 
different studies used different exposure groups to which 
they refer to and therefore there is much uncertainty about 
the shape of relationship. This could be tackled by 
constructing a database with results from individual studies 
investigating the effect of noise exposure on cardiovascular 
system. Preferably exposure data have to be available at 
individual level 

 
071 
Van Kempen E E, 
Kruize H, Boshuizen H 
C, Ameling C B, 
Staatsen B A, de 
Hollander A E 2002. 
Environmental Health 
Perspectives. 110(3). 
Pp.307-317 

The association 
between noise 
exposure and blood 
pressure and ischemic 
heart disease: a 
meta-analysis 
(Europe) 

M Previous studies investigating 
relation between noise and 
blood pressure and/or ischemic 
heart disease (published in 
1979 to 1999) 

Controlled in statistical 
analysis: age, gender 
 
Position of living and/or 
sleeping room, blood 
pressure measurement 
methods, body mass 
index (BMI), smoking and 
alcohol consumption 
 
 

Noise type: road traffic 
noise (LAeq, 6-22hr 50-80 
dB(A)), air traffic noise 
(LAeq, 7-19hr 38-77 dB(A))  
 
Outcome variables: 
Blood pressure change 
(mmHg) per noise level 
increase of 5 dB(A)and its 
variance for systolic and 
diastolic blood pressure; 
hypertension, use of 
antihypertensives, 
consultation of general 
practitioner/specialist, 
angina pectoris, myocardial 
infarction, ischemic heart 
disease 

No threshold 
value presented 

 Road traffic noise was positively associated with myocardial 
infarction and ischemic heart diseases. But these relations 
were not statistically significant 

 Effects positively associated with air traffic noise exposure 
were hypertension, angina pectoris, the use of 
cardiovascular medicines, and consultation of a specialist 
and/or general practitioner. But only the association with air 
traffic noise exposure and hypertension was statistically 
significant and these results were based on only one study 

 Noise-induced cardiovascular effects should be seen as the 
consequence of stress 

Weaknesses: 
 Studies are mainly cross-sectional and confound both the 

determination of the direction of the causation and the 
accurate estimation of noise exposure 

 Self-selection: somewhat sensitive subjects may move out of 
the polluted areas, thus diluting the effect of interest 

 Exposures were often calculated in studies, but from the 
literature it was not possible to derive whether these models 
were validated 

 Although noise exposure was assessed at people’s homes, 
the fact that people work outside the home during the day 
was not taken into account 

 The reporting of noise-related factors, such as fluctuation of 
noise levels, duration of exposure, frequency, and peak or 
continuous noise, was incomplete 

101 
Babisch W. 2006. 
Federal Environmental 
Agency. Germany 

Transportation noise 
and cardiovascular risk.  

A, M 61 epidemiological noise 
studies on transportation noise 
and cardiovascular outcomes 

Not Applicable Not Applicable Effect threshold 
for increase in risk 
of ischemic heart 
disease, including 

 The effects of noise on mean blood pressure of children are 
small. The ranges of blood pressure among noise-exposed 
children are within the normal levels and do not suggest 
hypertension 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
myocardial 
infarction due to 
road traffic noise: 
60-65 dB(A) Lden 

 There is no evidence from epidemiological data that 
community noise (mostly road traffic and aircraft noise) 
increases mean blood pressure readings in the adult 
population. Studies suffered from insufficient power, narrow 
exposure range or other difficulties in the study design 

 No consistent pattern of the relationship between community 
noise and prevalence of hypertension can be seen.   

 Subjective ratings of noise or disturbances due to traffic 
noise seem to consistently show a positive association with 
prevalence of hypertension. These studies, however, are of 
lower validity due to principally to methodological issues 
regarding over-reporting 

 For noise categories higher than 60 dB(A), a higher ischemic 
heart disease (IHD) was relatively consistently found 
amongst the studies, but statistical significance was rarely 
achieved. These mostly prospective studies suggest an 
increase in IHD risk for noise levels above 65-70 dB(A). The 
results appear as consistent when subjective responses of 
disturbances and annoyance are considered. However, 
these findings may be of lower validity due to methodological 
issues 

 The studies on the relationship between the use of 
medication or purchase of drugs and community noise 
support the general hypothesis of an increase in sleep 
disturbance and cardiovascular risk in noise-exposed 
subjects 

 A meta-analysis was conducted and an exposure-response 
relationship between road traffic noise level (Lday: 6-22h) and 
prevalence of myocardial infarction was developed 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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Table  5-2 Summary of population-based studies on noise effects on cardiovascular diseases\responses (6 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
004 
Babisch W, Ising H, 
Gallacher J E J. 2003. 
Journal of 
Occupational and 
Environmental 
Medicine. 60. Pp 
739-745 

Health status as a 
potential effect modifier 
of the relationship 
between noise 
annoyance and 
incidence of ischemic 
heart disease (UK) 

L 3950 middle-aged men from 
Caerphilly, South Wales and 
Speedwell, England 

Controlled during 
statistical analysis: age, 
social class, marital 
status, smoking, body 
mass index, family history 
of myocardial infarction, 
employment status, 
subjective noise 
sensitivity based on a 
single item, cohort 
(Caerphilly or Speedwell), 
prevalence of ischemic 
heart disease (IHD), self 
reported lifetime 
prevalence of illness 
including chronic 
diseases 

Outdoor A-weighted 
average sound pressure 
level (Leq, 6-22h) determined 
by noise measurement 
conducted in streets where 
subjects lived ranged 
between 51 and 70 dB(A); 
annoyance and 
disturbance of traffic at 
home assessed on a five 
grade scale questionnaire 
 
Outcome variables: 
IHD incidence, which was 
defined when a major IHD 
event occurred between 
the follow up phases. 
These events could either 
be IHD death, definite 
clinical non-fatal 
myocardial infarction (MI) 
meeting the WHO criteria 
regarding clinical history, 
electrocardiogram (ECG) 
and enzyme changes, or 
ECG defined MI that met 
WHO criteria 

No threshold 
value presented 

 No associations between the outdoor traffic noise level and 
disease prevalence as well as IHD incidence could be 
observed. 

 Noise annoyance/disturbance was positively associated with 
IHD incidence for men without pre-existing diseases and 
may be a risk factor 

 In subjects with pre-existing disease, no association between 
annoyance/disturbance due to traffic noise and IHD 
incidence was found 

 Prevalence of a disease is an important effect modifier in the 
relation between noise and cardiovascular health outcome in 
epidemiological studies. Recall bias may be an issue when 
exposure and/or outcome are assessed on a subjective 
basis 

Weaknesses: 
 Due to presence of a chronic disease, over-reporting of 

exposure (annoyance/disturbance) could be the case. 
Subjects with manifest health problems may be more likely to 
give exaggerated answers about their annoyance/ 
disturbance by traffic noise in the interview although not 
virtually being stressed by the noise 

 It may be possible that some subjects played down the noise 
because they thought that it was of minor importance 
compared with their health problem, although they may have 
perceived the noise as a physiological stressor 

 Male subjects only 

019 
Franssen E A M, Van 
Wiechen C M A G, 
Nagelkerke N J D, 
Lebret E. 2004. 
Journal of 
Occupational and 
Environmental 
Medicine. 61. 
Pp.405-413 

Aircraft noise around a 
large international 
airport and its impact on 
general health and 
medication use 
(Netherlands) 

CS 11,812 residents within a radius 
25km around Schiphol Airport, 
Amsterdam 

Controlled during 
statistical analysis: age, 
gender, education level, 
country of origin, smoking 
behaviour, degree of 
urbanization 

Exposure history: 
retrospective exposure and 
exposure at work;  
 
Outdoor aircraft noise 
during day, evening and 
night (measured as Lden, 
LAeq24h, LAeq, 22-23h and LAeq, 

23-07h) 
 
Outcome variables: 
Self-rated health 
determined with a 13 item 
VOEG questionnaire 
consisting a list of health 
complaints, use of 
medication for 

No threshold 
value presented 

 Associations between health indicators (poor self-rated 
health, medication for cardiovascular diseases/increased 
blood pressure, prescribed and non-prescribed sleep 
medication or sedatives, frequent use of sleep medication or 
sedatives) and aircraft noise (Lden) ranged between 41 and 
76 dB(A) were all positive and statistically significant, except 
for prescribed sleep medication or sedatives and its frequent 
use 

 The health indicators were not related to noise exposure 
during the night (LAeq, 23-07h) between 32 and 65 dB(A) 

 Use of non-prescribed sleep medication or sedatives was 
positively associated with aircraft noise exposure in late 
evening (LAeq, 22-23h) between 36 and 70 dB(A) 

 A small fraction of the prevalence of poor self rated health, 
medication for cardiovascular diseases or increased blood 
pressure, and sleep medication or sedatives could be 
attributed to aircraft noise.  
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
cardiovascular diseases or 
increased blood pressure, 
use of sleep medication or 
sedatives 

 The number of people suffering health effects due to aircraft 
noise was dominated by the large number of people that was 
exposed to relatively moderate to low noise levels, not by 
those exposed to high noise levels 

Weaknesses: 
 Non-response bias: non-respondents might suffer less 

annoyance due to aircraft noise 
 Selection effects: e.g., when sensitive subjects have moved 

out of the high noise areas, which leads to underestimating 
the noise effects 

023 
Goto K, Kaneko T. 
2002. Journal of 
Sound and Vibration. 
250(1). Pp.145-149 

Distribution of blood 
pressure data from 
people living near an 
airport (Japan) 

CS 469 women living in area 
around Fukuoka airport and 
1,177 women in a suburban 
control area of the same city 

Controlled during 
statistical analysis: 
smoking, drinking, salty 
food preferences, 
anti-hypertension 
treatments 

Living locations affected by 
aircraft noise of over 75 
WECPNL and 90 WECPNL 
(WECPNL: Weighted 
Equivalent Continuous 
Perceived Noise Level; 
WECPNL = dB(A) + 10* 
Log10 (Nd + 3 Ne + 10 Nn)- 
27 
dB(A): Power average for the 
total aircraft noise (peak level) 
for a day 
Nd: Number of aircraft from 
07:00 to 19:00 
Ne: Number of aircraft from 
19:00 to 22:00 
Nn: Number of aircraft from 
22:00 to 07:00) 
 
Outcome variables: 
Systolic blood pressure, 
diastolic blood pressure, 
total cholesterol, 
triglycerides, smoking and 
drinking habits 

No threshold 
value presented 

 The ratios of habitual smokers and daily drinkers around the 
airport were statistically higher than in the suburban area 

 The ratios of people using medication for hypertension in 
subjects in airport area and suburban area were on the same 
level.  

 There was no statistical difference in blood pressure in the 
two populations 

 Systolic and diastolic blood pressures were not associated 
with aircraft noise levels in the airport areas (controlled area, 
>75 WECPNL area and >90 WECPNL area) 

 Change in socio-behavioural factors (e.g. increase 
consumption of cigarettes or alcohol) might reflect the daily 
exposure to noise and might be factors for the development 
of hypertension 

024 
Hagerman I, Rasmanis 
G, Blomkvist V, Ulrich 
R, Eriksen C A, 
Theorell T. 2005. 
International Journal of 
Cardiology. 98. 
Pp.267-270 

Influence of intensive 
coronary care acoustics 
on the quality of care 
and physiological state 
of patients 
(Sweden) 

CS 94 patients admitted to the 
intensive coronary heart unit at 
Huddinge University Hospital 
for evaluation of chest pain 

Ruled out after statistical 
analysis: age and gender;  
 
Medication with 
beta-blockers and extra 
intravenous treatment, 
which might increase 
heart rate variability 

Acoustic environment of 
patient rooms and central 
part of the unit where staff 
made most decisions and 
monitoring of patients 
(sound-reflecting plaster 
tiles vs sound-absorbing 
tiles leading to 5 - 6 dB 
difference in patient rooms 
and 1 dB difference in 
working unit) 
 

No threshold 
value presented 

 For those with acute myocardial infarction and unstable 
angina pectoris, the pulse amplitudes were lower in good 
acoustics period (with sound-absorbing tiles and lower noise 
level) during the night 

 There was a statistically higher incidence of rehospitalization 
at 3 months in the group of bad acoustics compared to that in 
good acoustics 

 Patients in good acoustics period considered staff attitude to 
be much better than during the bad acoustics period 

 A bad acoustics environment during acute illness may have 
important detrimental physiological effects on rehabilitaion 

Weaknesses: 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
Degree of disease 
(unstable angina pectoris, 
acute myocardial 
infarction) 
 
Outcome variables: 
Heart rate, heart rate 
variability, systolic and 
diastolic blood pressure, 
pulse amplitude (difference 
between systolic and 
diastolic blood pressure), 
attitude towards quality of 
care determined by a 
questionnaire 

 Small sample size 
 Highly selected subjects 

028 
Hollander A E M, Van 
Kempen E E M M, 
Staatsen B A M. 2004. 
Death, DALYs or 
Dollars? Pp. 139-162 

Community noise 
burden of disease: an 
impossible choice of 
endpoints? 
(Europe) 

CS Annual prevalence data 
obtained from Dutch health 
statistics 

Controlled during 
statistical analysis: age, 
gender 

Noise exposure level  
LAeq(7-19hr)  55 dB(A) 

No threshold 
value presented 

 The disability adjusted life years (DALYs) associated with 
noise attributable ischemic heart disease prevalence over 
one year for the Dutch situation was 200 DALYs per million 

(DALYs: The sum of years of potential life lost due to 
premature mortality and the years of productive life lost 
due to disability) 

 The noise population attributable fraction of coronary heart 
disease burden per million in the Netherlands was 445 
DALYs/year/million 

 The noise population attributable fraction of annual 
hypertension population attributable mortality in the 
Netherlands was 380 DALYs per million 

 The clinical significance of cardiovascular disease is 
obvious, but a causal relation with noise exposure is not yet 
fully supported by available epidemiological data or scientific 
consensus 

088 
Sobotová L, 
Jurkovi ová J, 
Štefániková Z, 
Šev iková L, Ághová 
L. 2003. Sixth 
International 
Symposium & 
Exhibition on 
Environmental 
Contamination in 
Central & Eastern 
Europe and the 
Commonwealth of 
Independent States, 

Non-auditory health 
risks of road traffic noise 
and community noise 
annoyance 
(Slovak Republic)  

CS 465 university students, 220 
living at the dormitory (exposed 
group) and 245 in the residential 
areas where other students 
lived (control group) 

Controlled in statistical 
analysis: smoking, 
gender, body mass index 

Road traffic noise: 67± 2 
dB(A) vs 58.7± 6 dB(A) LAeq 
(exposed vs control area) 
 
Outcome variables: 
Noise annoyance and 
psychosocial noise effects 
(annoyance verbal scale, 
interference with various 
activities) determined by 
questionnaire, diastolic and 
systolic blood pressure, 
cardiovascular risk score 

No threshold 
value presented 

 Students in the exposed group were significantly more 
annoyed by road traffic noise and their risks of interference 
with various activities were significantly higher 

 There were higher, although not significant, risks for the 
exposed group to road traffic noise in terms of systolic blood 
pressure level and diastolic blood pressure level 

 There was marginal, negative, not significant association 
between noise annoyance and diastolic blood pressure and 
cardiovascular risk score 

 There was marginal, negative association between noise 
annoyance levels and systolic blood pressure level 

Weaknesses: 
 Cardiovascular risk score not clearly defined 
 Small size 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
1-4 September 2003, 
Prague, Czech 
Republic 

 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
 



Environmental Protection Department   
Tender No. NP03-055 
Additional Work for A Comparative Study of Noise Levels in Hong Kong 

Scott Wilson Ltd 
 

November 2007 
 

 

 
  Final Report   

 
   

20 

Table 5-3 Summary of human experiments on noise effects on cardiovascular diseases\responses (4 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
013 
Cousino K L, Faraday 
A M, Quigley K S, 
Grunberg N E. 2004. 
Journal of Applied 
Social Psychology. 
34(3). Pp.538-562 

Gender differences in 
biobehavioural 
aftereffects of stress on 
eating, frustration, and 
cardiovascular 
responses. (US) 

ES 29 men and 34 women aged 
between 18 and 45 

Ruled out after analysis: 
general life stress, desire 
for control of the noise 
stressor, body mass 
index, gender 

Noise burst with sound 
pressure level of 103-108 
dB(A), total frequency 
range of 150-7,000 Hz and 
average noise length of 9 s, 
delivered under free field 
conditions through two 
stereo speakers;  
perceived-control condition 
i.e. the ability to terminate 
the noise at any point 
during the experimental 
session 
 
Outcome variables: 
Systolic blood pressure, 
diastolic blood pressure, 
heart rate recorded every 3 
min throughout the stress 
and post-stress periods 

No threshold 
value presented 

 There were no gender differences in cardiovascular effects 
of noise during noise stress 

 Noise did not significantly lead to cardiovascular changes 
during noise stress 

 Perceived control of noise modestly reduced systolic blood 
pressure and heart rate during the post-stress periods when 
compared to the no-noise and no-perceived-control groups. 
This suggested that perceived control of noise decreased 
cardiovascular aftereffects (cardiovascular effects during 
post-stress periods) 

Weakness: 
 Small sample size 

057 
Sakamoto H, Hayashi 
F, Sugiura S, 
Tsujikawa M. 2002. 
Journal of Sound and 
Vibration. 250(1). Pp. 
23-29 

Psycho-circulatory 
responses caused by 
listening to music, and 
exposure to fluctuating 
noise or steady noise. 
(Japan) 

ES 35 healthy young females None Identified Noise type: wide octave 
band steady noise, music 
(classical music “Eine 
Kleine Nacht Musik” by 
Mozart, popular music 
“Star Dust” by Carmichael, 
and an arrangement made 
for medical and health 
use), fluctuating noises 
synchronized with each 
type of music with regard to 
intensity variations. The 
average LAeq of the three 
music were 62.8, 64.2 and 
63.2 dB(A), respectively 
 
Outcome variables: 
Emotional responses 
determined by a 
self-administered 
questionnaire with a 
comfort/discomfort 
measure using five-point 
scale; blood pressure 

Varies (please 
refer to first two 
points in Major 
findings) 

 During the exposure to steady noise, the incidence of 
elevated blood pressure was significantly increased at an 
intensity above 54LAeq dB, while the incidence of decreased 
blood pressure increased significantly at an intensity below 
54LAeq dB 

 During exposure to fluctuating noise exposure. The 
incidence of elevated blood pressure increased significantly 
at an intensity above 54LAeq dB for the systolic pressure and 
58LAeq dB for diastolic pressure, while the incidence of 
decreased blood pressure was not significantly affected by 
intensity 

 High frequencies of high-intensity peaks in fluctuating noise 
led to greater elevation in blood pressure 

 A higher elevation of blood pressure was resulted from music 
than from fluctuating noise  

 The change in blood pressure was slightly modified by 
subjective emotional responses to music. Effects of clear 
rhythm and tempo tended to enhance elevation in blood 
pressure 

Weaknesses: 
 Small sample size 
 Female subjects only 
 No control group 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
response, defined as an 
increase or decrease in 
average pressure by more 
than 6% during the final 
stage of steady noise 
exposure as compared to 
the pressure at the 
pre-exposure stage 

075 
Liu Y, Weng E. 2002. 
Shanghai 
Environmental 
Sciences. 21(1). 
Pp.1-3 

Study on effects of 
traffic noise on 
cardiovascular function 
in the subjects of 
different types of 
personality (China) 

ES 42 university students aged 
between 18 and 19 years  

Not Applicable 
 
 

Personality: stable 
extraverts, unstable 
extraverts, stable 
introverts, unstable 
introverts (determined by 
the Eysenck Personality 
Questionnaire (EPQ)); 
Road traffic noise of 90±2 
dB(A) transmitted to 
subjects through 
headphones 
 
Outcome variables: 
Cardiac output (CO), left 
ventricular stroke work 
(LVSW), total peripheral 
resistance (TPR) and mean 
arterial pressure (MAP) 
measured before exposure 
and during exposure to 
noise 
 

No threshold 
value presented 

 CO, LVSW and TPR of the four test groups responded 
similarly upon noise exposure: CO and LVSW decreased 
while TPR increased 

 For the stable groups, changes in the indicators (CO, LVSW, 
TPR, and MAP) appeared at 30min of noise exposure and 
after the noise exposure. At 20min after the noise exposure, 
the values of all indicators had returned to the pre-exposure 
levels 

 For the unstable groups, changes in the indicators appeared 
at 5min of noise exposure. At 20min after the noise 
exposure, the values of the indicators still have not returned 
to the pre-exposure levels 

 At 0min and 5min of noise exposure, the indicators of the 
unstable groups showed more significant fluctuations 

 Cardiovascular responses to noise exposure depend largely 
on subjects’ personalities 

Weaknesses: 
 Small sample size 
 No control group 

096 
Shi C, Deng G. 2004. 
Chinese Nursing 
Research. 18(12). Pp. 
2213 

Influence of noise 
control on heart rate and 
psychology of primipara 
during delivery 
(China) 

ES 98 pregnant women from the 
Family Planning and Women 
and Children Service Centre of 
Pingyao County Shanxi 
Province, China. 48 in the 
exposure group and 50 in the 
control group 

None Identified Average Leq,10min measured 
in 10min intervals during 
the period the pregnant 
women were in the delivery 
room (75.35±35.65 dB(A) 
in noise exposure group 
and 49.32±27.41 dB(A) in 
control group) 
 
Outcome variables: 
Heart rate, diastolic and 
systolic blood pressure, 
sleep quality 
 
 

No threshold 
value presented 

 Subjects in the noise exposure group had higher heart rate 
between the maximum and minimum (HRmax min) and lower 
sleep quality 

Weaknesses: 
 Small sample size 
 Highly selected subjects 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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Table 5-4 Summary of studies on effects of occupational noise on cardiovascular diseases\responses (3 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
001 
Abbate, C., Giorgianni, 
C., Munaò, F., Costa, 
C., Brecciaroli, R., 
Barbaro, M. 2002. 
G. Ital. Med. Lav. Erg. 
24(1). Pp. 43-48 

Effects of noise on 
functional 
cardiovascular 
parameters: a follow-up 
study (Italy) 

CS 757 male employees working in 
oil chemical areas (345 
workers, 212 drivers & 200 
clerks) 

Ruled out before study: 
family history for 
cardiovascular and 
metabolic diseases, 
cardiovascular diseases, 
metabolic diseases, 
neurological diseases, 
renal diseases, prolonged 
use of drugs, body mass 
index > 25kg/m2, work 
experiences in other 
industrial fields, smoking 
(>5 cigarettes/day), 
alcoholism, shift-working 

Age, year of working age, 
job position (worker, driver, 
clerk), noise exposure 
(85-90 dB(A), 80-85 dB(A) 
and <80 dB(A) for worker, 
driver and clerk, 
respectively)  
 
Outcome variables: 
Arterial blood pressure 
(systolic and diastolic), 
heart rate 

No threshold 
value presented 

 Heart rate and blood pressure tended to increase 
progressively with age and working age and their increment 
was perfectly represented by a linear function 

 Noise exposure did not affect heart rate 
 Systolic blood pressure (SBP), in the comparison between 

the incremental trends, showed a statistically significant 
difference between clerks on one side and workers and 
drivers on the other; the trends representing workers and 
drivers were not significantly different between each other. 
SBP increased with exposure to noise 

 The incremental trends of diastolic blood pressure (DBP) 
showed significantly different slopes for workers, drivers and 
clerks, with the greatest slope for workers and the smallest 
slope for clerks. DBP increased with exposure to noise and 
was highly influenced by it 

Weakness: 
 Focused on occupational noise only 
 Noise metrics not clearly stated 

083 
Chang, D., Liang, W., 
Wang, S. 2003. 
Chinese Occupational 
Medicine. 30(2). Pp. 
25-27 

Study on effects of high 
frequency steady noise 
on cardiovascular 
system (China) 
 

CS 87 female wine factory workers 
as noise exposure group; 67 
female workers with similar job 
nature in the same factory, but 
not exposed to the noise, as 
control group 

Ruled out before study: 
history of cardiovascular 
diseases 
 
  

Work-age (<15 yrs and 15 
yrs), high frequency steady 
noise (LAeq = 90.0±0.5 
dB(A), frequency = 1-4 
kHz) 
 
Outcome variables: 
Changes of blood 
pressure, heart rate and 
parameters of 
electrocardiograms 
including QRS interval, 
ST-segment change and 
Q-T interval 

No threshold 
value presented 

 For workers with work-age below fifteen years, sinus 
tachycardia, sinus irregularity and bundle branch block of 
noise exposure group were significantly higher than those of 
the control group 

 For workers with work-age equal to and above fifteen years, 
the parameters of electrocardiogram, such as sinus 
bradycardia, QRS interval, ST-segment changes, Q-T 
interval etc., in exposed group were significantly higher than 
those in control group 

 Cardiovascular system might be affected with exposure to 
high frequency steady noise. Range and level of 
cardiovascular system changes appeared to be related with 
time of noise exposure 

Weaknesses: 
 Small sample size 
 Focused on occupation noise only 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
095 

, ,
, , , 

, , 
. 2003. Occupation 

and Health. 19(12). 
Pp. 20-21 

 
(China) 

CS 227 workers in a steel 
manufacturing factory (aged 
25-55) 

Not mentioned Age, noise exposure period 
(5-39 yrs), cumulative 
noise exposure (100 – 115 
dB(A)) 
 
Outcome variables: 
High blood pressure 
incidence (subjects with 
diastolic blood pressure  
95.25 mmHg or systolic 
blood pressure  140.25 
mmHg) 

No threshold 
value presented 

 Incidence of elevated blood pressure increased with age 
group 

 Incidence of elevated blood pressure increased with noise 
exposure period 

 Incidence of elevated blood pressure increased with 
cumulative noise exposure 

Weaknesses: 
 Focused on occupation noise only 
 Noise metrics not clearly stated 
 Analysis of statistical power of the associations was 

insufficient rendering the evidence of its conclusion 
inadequate 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis
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6. NOISE AND SLEEP 
 
6.1 Sleep and health – 28 articles 

 
It is believed that quality of sleep is closely correlated with noise exposure in the sleeping 
environment and sleep disturbance is regarded as one of the major non-auditory effects resulting 
from environmental noise. Effects of environmental noise during sleep are basically grouped in 
two categories: biological responses and effects on health and well-being (Health Council of the 
Netherlands, 2004). Noise can influence sleep quality in terms of the following primary effects: 
difficulty in falling asleep, frequent awakenings and movements, alternations of sleep stages and 
depth, reduction in length of sleep (especially for the stage of rapid-eye movement (REM) sleep), 
which are generally regarded as biological responses. It has been suggested that sleep loss might 
lead to acute impacts such as changes in blood pressure, heart rate, finger pulse amplitude, 
vasoconstriction, respiration, cardiac arrhythmias during sleep and exhaustion, fatigue and lack of 
physical energy on the next day. Persistent sleep deprivation might increase the risk of chronic 
symptoms like myocardial infarction and psychosocial illness, which have a more profound impact 
on human health (European Commission Working Group of Health, 2004). 
 
Sleep disturbance by environmental noise has been widely studied. Twenty-eight research works, 
including population based studies, experiments and literature reviews within 2002 and 2006 were 
reviewed.  
 

6.2 Literature review studies (10 articles) 
 
The literature review studies concluded that there were findings for negative effects of noise 
during sleep period on sleep quality, including perceived sleep quality, motility, sleep time, 
awakening, sleep fragmentation etc, and on well-being such as sleep disturbance and use of 
somnifacient drugs and sedatives. The major findings of these studies are summarized in Table 
6.1. 
 
A wide range of threshold values had been presented. For instance, threshold values for 
measurable sleep disturbance were reported to be 35 dB(A) LAeq indoors (enHealth Council, 2004), 
40 dB SEL outdoors (Hollander et al, 2004), 30 dB(A) LAeq indoors for continuous noise and 45 
dB(A) LAmax_i indoors for intermittent noise (King et al, 2003). In addition, awakening would occur 
at noise levels above 40-45 dB(A) LAF indoors (Babisch, 2005), 60 dB(A) SEL outdoors (Hollander, 
2004), and 55 dB(A) SEL_i indoors(Health Council of the Netherlands, 2004).  
 
Two meta-analysis studies (Miedema et al, 2003; Passchier-Vermeer, 2003) were performed to 
develop exposure-response relationships between road traffic, railway and aircraft noise 
exposures and sleep disturbance based on the results of a number of previous field studies. The 
most notable exposure-response curves are the polynomial functions developed by Miedema et al 
(2003) for determining the percentage of highly sleep disturbed (%HSD), sleep disturbed (%SD) 
and at least a little sleep disturbed (%LSD) populations by road traffic and railway noise based on 
self-reported sleep disturbance and noise exposure data on the Lnight at the most exposed façade 
ranging 45-65 dB(A), which are shown in Figure 6.1 and as follows:  
 
Road traffic: 

 %HSD = 20.8 – 1.05Lnight + 0.01486Lnight2 
%SD = 13.8 – 0.85Lnight + 0.01670Lnight2 

 %LSD =   -8.4 + 0.16Lnight + 0.01081Lnight2 
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Railway: 
 %HSD = 11.3 – 0.55Lnight + 0.00759Lnight2 

%SD = 12.5 – 0.66Lnight + 0.01121Lnight2 
 %LSD =   -4.7 – 0.31Lnight + 0.01125Lnight2 

 
The exposure-response curves were derived based on a large dataset from studies on annoyance 
caused by environmental noise carried out in Europe, North America, Australia and Japan which 
includes noise exposure measures and self-reported disturbance scores derived from questions 
about waking up or being disturbed by noise during the night. The polynomial functions are close 
approximations of the curves in the range 45-65 dB(A) Lnight and their extrapolations to lower 
exposure (40-45 dB(A)) and higher exposure (65-70 dB(A)).  
 
It should be noted that the exposure-response relationships only provide estimates of the 
influences of Lnight on self-reported sleep disturbance for road traffic noise and for railway noise, 
when no other factors are taken into account. It was indicated that self-reported sleep disturbance 
could be affected by various factors. For instance, the self-reported noise-induced sleep 
disturbance was found to have a curvilinear relation with age, with highest reaction found for 
persons of 51 years. Subjects younger or older than this age reported less sleep disturbance. 
Subjects with bedroom not facing to the source tended to be less disturbed during sleep. However, 
the evidence of these effects was limited and further verification is required. 
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Figure  6-1 Exposure-response relationships between Lnight (outside at most exposed façade) and 
three sleep disturbance measures (%HSD, %SD and %LSD) (solid lines), their 95% 
confidence intervals (broken lines), and the polynomial approximations of the curves 
(coincide with original relationships) for road traffic (upper row) and railway (lower 
row) (Miedema et al, 2003) 
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6.3 Population-based studies (5 articles) 
 

Five papers of population-based studies were reviewed, two of which were on sleep disturbance 
by aircraft noise on populations around airports, while three were about a longitudinal study which 
determined the change in sleep quality after a major reduction in traffic volume in Sweden 
(Öhrström, 2004; Öhrström et al, 2004). Outcome variables in population-based were mainly 
subjective sleep quality obtained by questionnaires. Table 6.2 summarizes the major findings of 
the population-based studies on environmental noise-induced sleep disturbance. 
 
In the study conducted by Öhrström et al (2004), very extensive changes were made in the road 
system and a new tunnel was opened in 1998 in the city of Göteborg, Sweden. The total number 
of vehicles on the main road dropped from 24,600 in 1997 to 2,380 in 1999. Noise levels outside 
bedroom façades at dwellings facing to the main roads reduced from 43-69 dB(A) LAeq,24h in 1997 
to 39-57 dB(A) LAeq,24h in 1999. The subjective sleep disturbances including sleep with open 
windows, time for falling asleep, wakes up, sleep quality, tiredness in the morning, etc, of 142 
subjects from the exposed and control areas were studied before and after the traffic modification. 
Other parameters such as noise annoyance and physiological symptoms were also determined. A 
significant improvement in sleep quality was observed in the exposed group upon the reduction in 
traffic volume. Significantly improved aspects include wakening, difficulty in falling back to sleep, 
sleep quality, time needed to fall asleep, and tiredness in the morning. In the control group, in 
which the houses were situated 25-67m and 125-405m, respectively, from the heavily trafficked 
main road, less significant enhancement in sleep quality could be observed.  
 
Two cross-sectional studies focused on sleep disturbance of populations living around Schiphol 
Airport, Amsterdam, by aircraft noise. In the study conducted by Franssen et al (2004), residents 
living around the airport were asked about their use of sleep medication or sedatives. It was found 
that the use of non-prescribed sleep medicines was positively related to outdoor aircraft noise 
which ranged between 41 and 76 dB(A) Lden and nighttime aircraft noise exposure (LAeq,22-23h) 
which ranged between 36 and 70 dB(A), both calculated using a mathematical model. In another 
study conducted by Passchier-Vermeer et al (2002), in addition to subjective noise disturbance, 
motility and awakening of subjects during sleep were also measured. It was found that there were 
significant positive relationships between motility as well as awakenings and indoor nighttime 
aircraft noise levels as well as aircraft noise events in short-, medium- and long-term basis. These 
revealed that sleep quality could be deteriorated by nighttime aircraft noise exposure.  
 

6.4 Experimental studies (13 articles) 
 

A large portion of studies found on sleep disturbance by noise were experimental. Sleep quality 
was usually either measured subjectively, or objectively through characteristic patterns, i.e. the 
polysomnography, by sleep electroencephalogram (EEG) measurement. It is known that sleep 
cycle is divided into two stages, namely the rapid-eye-movement (REM) stage (also as 
paradoxical sleep (PS) stage) and non-rapid-eye-movement (NREM) stage (also as slow wave 
sleep (SWS) stage). NREM stage is subsequently divided into four stages (S1, S2, S3 and S4). 
NREM sleep is required for the brain to recover from fatigue, and REM stage is required for 
physical recovery and essential for maintaining quality sleep. The EEG parameters commonly 
measured in experiments include length of sleep stages (S1, S2, S3, S4 and REM), movement 
time and sleep patterns. Other sleep parameters measured by wrist-worn actigraph include time in 
bed, mean motility, sleep latency, awakening.  
 
It was found that noise exposure tends to shorten the REM sleep stage (Rabat et al, 2004, 2005; 
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Sasazawa et al. 2002; Kuroiwa et al, 2002). It also affects the NREM stage, but it is generally 
considered that the probability of sleep disturbance progressively decreases from S1 – slight 
sleep, to S4 – deep sleep (Hume et al, 2003).  
 
It has been queried whether habituation of sleep to noise would occur. Some experimental studies 
in which subjective and objective sleep parameters were determined during medium-term 
exposure (up to ten days) to noise have been conducted to determine the adaptation to noise 
during sleep (Kuroiwa et al, 2002; Tamura et al, 2002; Skånberg, 2004). It was reported that 
habituation of sleep to noise was observed in subjective parameters of sleep. Little or no evidence 
of habituation was detected in polygraphic parameters or actigraphy during the exposure periods. 
These findings had led to two conclusions. Some authors suggested that habituation to noise has 
two aspects, namely sensation and perception mechanisms, and these two aspects should be 
considered separately in studies exploring the habituation of sleep to noise (Kuroiwa et al, 2002). 
Others suggested that actigraphy results might be less reliable because actigraphy could not 
differentiate between when the subject was awake and immobile and when the subject was 
asleep (Skånberg, 2004). It should be noted that sleep disturbance and habituation could also be 
mediated by noise sensitivity and are different from person to person. Also, experiments were 
usually conducted in laboratories rather than in subjects’ bedrooms. This might result in greater 
stress for the subjects. Therefore further study on effect of environmental noise on sleep stages 
and habituation to noise during sleep is necessary by epidemiological studies with longer 
exposure periods and larger sample population.  
 
Experimental studies on environmental noise-induced sleep disturbance are summarized in Table 
6.3. 

 
6.5 Conclusions 

 
Effects of noise exposure on sleep quality have been widely reported by various research works. 
Epidemiological studies on sleep disturbance parameters, such as motility, awakenings, 
self-reported sleep disturbance etc, consistently revealed that sleep quality could be significantly 
influenced by road traffic, railway and aircraft noise. Exposure-response relationships between 
traffic noise and sleep disturbance had been developed based on the data from a large set of field 
studies for the determination of proportion of sleep-disturbed population with respect to outdoor 
nighttime noise levels. Such relationships were based on data on Lnight at the most exposed 
façade ranged 45-65 dB(A) and extrapolations to lower (40-45 dB(A)) and higher (65-70 dB(A)) 
noise exposures. They represent estimates of influences of Lnight on self-reported sleep 
disturbance for road traffic noise and for railway noise, when no other factors are taken into 
account. The results might be affected by various factors such as subjects’ age, position of 
bedroom relative to noise source, façade insulation and windows opening during sleep. 
 
Evidence for the specific effects of environmental noise on particular different sleep stages and 
habituation of sleep to chronic noise exposure is limited, as these findings were mostly reported in 
experimental studies. In these studies small sample population was included and subjects were 
exposed to artificial noise in laboratories for short period of time. Extrapolation is required to 
estimate the effects of long-term exposure to normal environmental noise and this is done based 
on the strong assumptions regarding the relation between effects of high exposures in a relatively 
short time interval and effects of long-term low exposures to environmental noise. It is still unclear 
how noise affect different sleep stages and if there is habituation of sleep to noise. Further studies 
on these areas are needed by epidemiological research with longer exposure to “real” 
environmental noise and large sample population. 
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Table  6-1 Summary of literature review studies on environmental noise induced sleep disturbance (10 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
003 
Babisch W. 2005. 
Environmental Health 
Perspective. 113(1). 
Pp A14-A15. 

Noise and health 
(Germany) 

A Epidemiological 
studies on effects of 
noise on sleep 
disturbance and 
cardiovascular 
diseases 

Not Applicable Not Applicable During sleep, 
electrophysiologic 
awakening reactions 
can be detected in an 
electroencephalogram 
for event-related 
maximum noise levels 
above indoor LAF = 
40-45 dB(A) 

 Cardiovascular responses found during sleep were independent 
of sleep disturbance. A subject may sleep during relatively high 
noise levels but still show autonomic responses 

015 
enHealth Council. 
2004  

The health effects of 
environmental noise – 
other than hearing loss 
(Australia) 

A Research studies on 
sleep disturbance 
and noise exposure 

Not Applicable Not Applicable 35 dB(A) Leq indoors 
for measurable sleep 
disturbance effects; 
Where noise is 
continuous, the 
equivalent sound 
pressure level should 
not exceed 30 dB(A) 
indoors, if negative 
effects on sleep are to 
be avoided (WHO 
Guidelines for 
Community Noise 
1999); For good sleep 
over 8 hours the 
maximum 
instantaneous value 
should not exceed 
approximately 45 
dB(A) LAmax more than 
10 or 15 times per 
night 

 Participants in sleep observations in laboratory settings are more 
sensitive to noise than field study participants.  

 There are cardiovascular response to noise without awakening 
and increases in blood pressure without any indication of sleep 
disturbance in the sleep polygraph but the significance for these 
effects is unknown 

 While some adaptation or habituation can occur where 
continuous noise, such as traffic noise, is present, a small 
number of high-level noise events can affect sleep 

 Sleep loss reduces cognitive function and can affect physiology, 
behaviour and subjective outcomes. Statistically significant 
reductions occur in vigilance, memory, learning, and speech and 
increases in divergent thinking with varying amounts of sleep 
loss as well as with different “forms” of sleep loss, such as acute 
total sleep loss and cumulative partial sleep loss 

017 
European 
Commission Working 
Group on Health and 
Socio-Economic 
Aspects. 2004  

 

Position paper on 
dose-effect relationships 
for night time noise 
(Europe) 

A Studies on 
dose-effect 
relationships between 
night time noise and 
health effects 

Not Applicable Not Applicable Not Applicable  For civil aviation noise there were sufficient data to derive an 
exposure-response relation: 

Percentage noise-induced awakenings =  
-0.564 + 1.909*10-4*(SEL_i)2 

Where SEL_i is the Sound Exposure Level of an aircraft noise 
event in the bedroom 

 The relationships between Lnight and maximum number of 
awakenings nmax in a worst case scenario has been developed to 
allow an estimation of future situation for which no exact data on 
SEL_i are available: 

nmax = 0.3504*10(Lnight-35.2)/10 

 Relations between a noise-induced increase in motility (m) and 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
LAmax_i have been approximated by quadratic functions with the 
following format: 

m = b(LAmax_i – a) + c(LAmax_i – a)2 
where a, b and c are coefficients depending on Lmax_i 

 Mean motility (all body movements counted together) during 
sleep is strongly related to age and is also a function of noise 
exposure during the sleep period 
Mean motility =  

0.0587 + 0.000192Lnight_i – 0.00133age + 0.0000148age2 
 The relation between the increase in mean noise-induced 

motility, mnight, and Lnight,, is: 
mnight = 0.000192Lnight  – 0.004032 

Relationships that give the percentage highly disturbed (%HSD), 
sleep disturbed (%SD), and at least a little sleep disturbed 
(%LSD) by road traffic, railway and aircraft noises as a function of 
the outdoor Lnight at the most exposed façade for the source 
concerned have been developed based on analysis of 15 
datasets with more than 12,000 individual observations of 
exposure-response combinations from 12 field studies and Lnight 
range 45-65 dB(A). The polynomial functions are close 
approximations of the curves in this range and their 
extrapolations to lower exposure (40-45 dB(A)) and higher 
exposure (65-70 dB(A)) (Article 021) 

021 
Miedema H M E, 
Passchier-Vermee 
W, Vos H. 2003.  
TNO Inro Report 
2002-59. 

Elements for a position 
paper on night-time 
transportation noise and 
sleep disturbance 
(Europe) 

M Research studies on 
motility, chronic 
effects and 
self-reported sleep 
disturbance by night 
time noise exposure 

Not Applicable Age, bedroom position 
relative to the noise 
source, insulation of 
bedroom for road traffic 
noise, Lnight (the 
LAeq,23-7h outside the 
most exposed façade 
over 1 year) for 
self-reported sleep 
disturbance  

No threshold value 
presented 

 

 Relationships that give the probability of motility as a function of 
Lmax in the bedroom for aircraft noise events were presented. The 
probabilities pertain to the 15-s interval with the maximum noise 
level of the aircraft overflight 

 Relationships that give the percentage highly sleep disturbed 
(%HSD), sleep disturbed (%SD), and at least a little sleep 
disturbed (%LSD) by road traffic, railway and aircraft noises as a 
function of the outdoor Lnight at the most exposed façade for the 
source concerned were presented based on analysis of 15 
datasets with more than 12,000 individual observations of 
exposure-response combinations from 12 field studies and Lnight 
range 45-65 dB(A). The polynomial functions are close 
approximations of the curves in this range and their 
extrapolations to lower exposure (40-45 dB(A)) and higher 
exposure (65-70 dB(A)) 

 With regard to the relations for aircraft noise the variance in the 
responses was large compared to the variance found for railway 
and road traffic noise. This means that the uncertainty regarding 
the responses for night time aircraft noise was large, and such 
responses could be considered as indicative only 

 The relationships represent the currently best estimates of the 
influences of Lnight on self-reported sleep disturbance for road 
traffic noise and for railway noise, when no other factors are 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
taken into account. They might be affected by factors such as 
age, bedroom position relative to noise source, façade insulation. 
More verifications on their influences are needed 

028 
Hollander, A.E.M., 
Van Kempen, 
E.E.M.M., Staatsen, 
B.A.M. 2004. Death, 
DALYs or Dollars? 
Pp. 139-162 

Community noise burden 
of disease: an impossible 
choice of endpoints? 
(Europe) 

A Research Studies on 
noise-induced sleep 
disturbance 

Not Applicable Not Applicable SEL (sound exposure 
level – equivalent 
outdoor sound 
pressure level 
associated with an 
individual noise event 
with the equivalent 
level standardized at 
one second) of 35 and 
60 dB(A) for changes 
between sleep stages 
and the number of 
awakenings during the 
night, respectively;  
 
Night noise levels of 
40 dB(A) for affected 
night sleep quality; 
night noise levels of 
60 dB(A) for an effect 
of night-time noise on 
performance and 
mood on the next day 

 There are indications noise-induced increased sleep stage 
changes and awakenings are associated with elevated hormone 
levels (ephedrine) 

 Using the exposure response curve for the percentage of highly 
sleep disturbed persons due to road traffic a fraction of 0.7-1.4% 
can be calculated to be highly sleep disturbed as a result of 
cumulative community noise exposure 

036 
King R P, Davis J R. 
2003. International 
Journal of Hygiene 
and Environmental 
Health. 206. Pp. 
123-131 

Community noise: health 
effects and management  
(US/UK) 

A Research studies on 
noise effects on 
health 

Not Applicable Not Applicable Nighttime indoor LAeq 
below 30 dB(A) for 
continuous noise like 
traffic to avoid sleep 
disturbance; LAmax not 
exceeding 45 dB(A) 
for intermittent noise 
to avoid sleep 
disturbance 

 The most frequently attributed effects of noise on sleep are 
increased sleep latency, nighttime awakenings, and alterations of 
sleep stages; all of which are only indicators of chronically 
disturbed biological sleep rhythms 

 Many studies have also attributed “after-effects” of nighttime noise 
to include fatigue, irritability, depressed mood and decreased 
performance. Other indirect effects include increased use of 
sedatives, sleeping pills and personal hearing protection 

047 
Health Council of the 
Netherlands. 2004. 
Publication no. 
2004/14E 

The influence of 
night-time noise on sleep 
and health 
(Europe) 

A Studies on the effects 
of night-time noise on 
sleep and health 

Not Applicable Not Applicable Most biological 
responses begin to 
manifest themselves 
at an SEL in the 
bedroom of 
approximately 40 
dB(A) (LAmax in the 
bedroom of at least 32 
dB(A)). Behavioural 
awakening 
(established by 

 There is sufficient evidence that night-time noise events cause 
direct biological responses, such as reduced depth of sleep, 
increased motility and awakening 

 It appears that average motility in people exposed to night-time 
traffic is greater at higher noise levels than might be expected on 
the basis of the direct responses. Higher levels of average 
motility are closely related to more frequent awakening, lower 
perceived sleep quality and increased daytime drowsiness 

 There is sufficient evidence that people who, while attempting to 
sleep, are exposed to environmental noise or are concerned 
about being disturbed by noise in the night, have more difficulty 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
pressing a button) 
occurs when the 
bedroom SEL 
exceeds 55 dB(A) 

falling asleep. After the sleep period, those who were exposed to 
night-time noise perceive the quality of their sleep to be impaired, 
find that their daytime mood is adversely affected and experience 
greater drowsiness, fatigue and irritability, especially in the 
morning 

 A reduction in general well-being due to night-time noise is 
evident from self-reported sleep disturbance, self-reported health 
problems, use of sleep pills and sedative, and adversely affected 
daytime mood. Among older people in particular, the use of 
sleeping pills and sedatives is increased by night-time noise 

 There is limited indirect evidence of an increased risk of 
involvement in a fatal accident at work as a result of sleep 
problems and insomnia associated with exposure to night-time 
noise 

 It was estimated that the number of adults in the Netherlands in 
2003 who reported to be highly sleep disturbed to be more than 
100,000 for each noise source. This number for road traffic noise 
is about two to four times as large as the numbers for rail and 
aircraft traffic noise 

050 
Passchier-Vermeer 
W. 2003. TNO Inro 
Report 2003-32 

Night-time noise events 
and awakening  
(Europe) 

M 9 field studies on 
night-time noise 
events (commercial 
aircraft, military 
aircraft, railway, 
ambient noise) and 
awakenings with 120 
aggregated data 
points 

Age 
 
Ruled out before the 
study: demographic and 
situational 
characteristics 
 

Number of noise 
events and SEL_i 
values (equivalent 
indoor sound pressure 
level associated with 
an individual noise 
event, with the 
equivalent level 
standardized at one 
second) of these 
events 
 
Outcome variables: 
Subject’s awakenings 
in 5-min noise intervals 

No threshold value 
presented 

 A relationship between commercial aircraft noise events and 
awakenings were developed based on more than 174,000 
aircraft noise events and responses of over 1,000 subjects 
exposed to commercial aircraft noise. Therefore it is likely that 
the relationship is applicable to general populations exposed to 
such type of noise 

 The equation of the relationship for commercial aircraft noise 54 
< SEL_i < 90 dB(A) is: 

Percentage noise-induced awakenings =  
-0.564 + 1.909*10-4*SEL_i2 

If SEL_i < 54 dB(A), the percentage noise-induced 
awakenings is 0 

 The results for military aircraft noise are of limited applicability: 
the data pertain to only one study and one situation, in which 
subjects lived near the end of the main runway of a military 
airfield 

 The few observations on railway noise showed no effect of noise 
exposure on probability of awakening. Therefore, there is some 
evidence, but it very limited, that railway noise events, in the 
range of SEL_i considered (up to 80 dB(A)), do not increase 
probability of awakening 

 The observations on ambient noise events also showed no effect 
of ambient noise events on probability of awakening. Although it 
is not unlikely that a substantial part of the ambient noise was 
road traffic noise, the uncertainties in the ambient noise data do 
not allow any conclusion about road traffic noise 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
070 
Van Kempen 
E.E.M.M., Staatsen 
B., Van Kamp I. 2005. 
RIVM Report 
63040001/2005 

Selection and evaluation 
of exposure-effect 
relationship for health 
impact assessment in the 
field of noise and health 
(Netherlands) 

A Cross-sectional 
studies on effects on 
sleep disturbance 

Not Applicable Not Applicable No threshold value 
presented 

 Several exposure-response-relationships were derived for the 
effects of several noise sources for a range of effects: 
awakenings, sleep stage changes, motility and sleep 
disturbance. From these, the relationships for the association 
between noise from road, rail and air traffic and sleep disturbance 
derived by Miedema (2003) (Article 021) are best applicable for 
health impact assessment, for they were derived on a re-analysis 
of individual data from different studies 

 In comparison for road and rail traffic noise, the variance of the 
responses at a given exposure level was relatively large for 
aircraft noise. This means that the uncertainty regarding the 
curve for aircraft noise is large. Therefore the curve for aircraft 
noise must be considered as indicative only 

 When estimating the number of sleep disturbed people using the 
curves, smaller numbers were found than was expected on the 
base of national survey 

081 
Ising H, Babisch W, 
Guski R, Kruppa B, 
Maschke C. 2003. 
Meeting Background 
Paper. WHO 
technical meeting on 
noise and health 
indicators. Brussels, 
Belgium. 7-9 April 
2003 

Exposure and Effect 
Indicators of 
Environmental Noise 
(Europe) 

A Studies on effects of 
noise on sleep 
disturbance  

Not Applicable Not Applicable LAeq 35-66 dB(A) for 
different immediate 
reactions to traffic 
noise 

 Intermittent noise (e.g. aircraft flight noise, road traffic with 
separated vehicles) causes a fragmented sleep progress or, in 
cases of quasi-continuous noise (e.g. highway traffic noise), a 
shallow sleep. Both kinds of noise have the overall result of 
shortening the times of deep sleep (phases 3 and 4) and the 
Rapid Eye Movement (REM) phases 

 Various studies have shown that noise can induce arousal. 
Frequent occurrence of arousals lead to a deformation of 
circadian rhythms. Deformation is revealed by a fragmented 
progression of sleep. Sympathetic tonus is increased as a result 
of the fragmentation of sleep during the night or of the multiple 
arousal occurrence. This leads to impaired sleep quality and to 
decreased performance capacity, drowsiness and tiredness 
during the day 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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Table  6-2 Summary of population-based studies on environmental noise induced sleep disturbance (5 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
007 
Öhrström E. 2004,  
Journal of Acoustical 
Society of America. 
115(2). Pp.719-729. 

Longitudinal survey on 
effects of changes in road 
traffic noise – annoyance, 
activity disturbances, and 
psycho-social well-being 
(Sweden) 

L Residents along 
Västra Bäckevägen, 
Sweden. 142 
respondents (50 in the 
exposed area and 92 
in the control area) in 
1997 study; 120 
respondents (45 in the 
exposed area and 75 
in the control area) in 
1999 follow-up study 
when the road traffic 
was reduced from 
25,000 to 2,400 
vehicles per day due 
to the opening of a 
new tunnel 
(Control area: area in 
which houses were 
situated 25-67m and 
125-405m 
respectively from the 
heavily trafficked main 
road) 

Window opening, façade 
and window insulation, 
bedroom windows facing 
the more noisy façade 

Indoor noise levels in 
bedrooms: LAeq,24h 
<20-36 dB in exposed 
area in 1997; <20 dB in 
control area in 1997; 
<20-24 dB in exposed 
area in 1999; <20 in 
control area in 1999 
 
Outcome variables: 
Self-rated sleep 
disturbances (sleep with 
open windows, time for 
falling asleep, wakes 
up, sleep quality, 
tiredness morning) 

No threshold value 
presented 

 Outdoor LAeq,24h levels decreased by 10 – 14 dB in the exposed 
area in 1999 after the reduction in road traffic 

 Indoor noise levels in LAeq,24h due to road traffic with closed 
windows were estimated to be low in the exposed area after the 
traffic reduction in 1999 

 Indoor noise levels from single noise events of 53 – 56 dB LAmax 

still occurred rather frequently during the daytime and to a less 
extent during the night time in 1999 in the exposed area. Noise 
from single vehicles could still be clearly heard indoors when the 
windows were closed 

 A significant proportion of the respondents in the exposed area 
estimated that their sleep had changed for the better with: 
“windows open more often during the night” (31%), “better sleep 
quality” (27%), “easier to fall asleep” (20%), “fewer awakenings” 
(18%) and “less tired in the morning” (16%) 

 Reduction in noise and other pollutants from road traffic led to a 
large decrease in annoyance and activity disturbances and a 
better general well-being 

 In the control area, the only significant change was that 8% of the 
residents reports that it had become easier to fall asleep 

019 
Franssen, E.A.M., Van 
Wiechen, C.M.A.G., 
Nagelkerke, N.J.D., 
Lebret, E. 2004. 
Journal of Occupational 
and Environmental 
Medicine. 61. 
Pp.405-413 

Aircraft noise around a 
large international airport 
and its impact on general 
health and medication use 
(Netherlands) 

CS 11,812 residents 
within a radius 25km 
around Schiphol 
Airport, Amsterdam 

Controlled during 
statistical analysis: age, 
gender, education level, 
country of origin, 
smoking behaviour, 
degree of urbanization 

Exposure history: 
retrospective exposure 
and exposure at work;  
 
Outdoor aircraft noise 
during day, evening and 
night (measured as Lden, 
LAeq24h, LAeq, 22-23h and 
LAeq, 23-07h) calculated by 
mathematical model 
 
Outcome variables: 
Self-rated health 
determined with a 13 
item VOEG 
questionnaire 
consisting a list of 
health complaints, use 
of medication for 
cardiovascular diseases 

No threshold value 
presented 

 Associations between health indicators (poor self-rated health, 
medication for cardiovascular diseases/increased blood 
pressure, prescribed and non-prescribed sleep medication or 
sedatives, frequent use of sleep medication or sedatives) and 
aircraft noise (Lden) ranged between 41 and 76 dB(A) were all 
positive and statistically significant, except for prescribed sleep 
medication or sedatives and its frequent use 

 The health indicators were not related to noise exposure during 
the night (LAeq, 23-07h) between 32 and 65 dB(A) 

 Use of non-prescribed sleep medication or sedatives was 
positively associated with aircraft noise exposure in late evening 
(LAeq, 22-23h) between 36 and 70 dB(A) 

 A small fraction of the prevalence of poor self rated health, 
medication for cardiovascular diseases or increased blood 
pressure, and sleep medication or sedatives could be attributed 
to aircraft noise.  

 Although the attributable fractions were highest in the 
governmentally noise regulated area, aircraft noise had more 
impact in the non-regulated area, due to the larger population 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
or increased blood 
pressure, use of sleep 
medication or sedatives 

exposed 
Weaknesses: 
 Non-response bias: non-respondents might suffer less 

annoyance due to aircraft noise and therefore be less likely to 
participate in the study 

 Selection effects: e.g., when sensitive subjects have moved out 
of the high noise areas, which leads to underestimating the noise 
effects 

048 
Öhrström E. 2004.  
Journal of Sound and 
Vibration. 276. Pp. 
713-727 

Longitudinal surveys on 
effect of changes in road 
traffic noise: effect on 
sleep assessed by 
general questionnaires 
and 3-day sleep logs 
(Europe) 

L Residents along 
Västra Bäckevägen, 
Sweden. 142 
respondents (50 in the 
exposed area and 92 
in the control area) in 
1997 study; 120 
respondents (45 in the 
exposed area and 75 
in the control area) in 
1999 follow-up study 
when the road traffic 
was reduced from 
25,000 to 2,400 
vehicles per day due 
to the opening of a 
new tunnel 

Controlled during the 
analysis: Age, gender, 
length of residence, 
proportion who worked 
outside the home, 
proportion with any 
long-term illness of noise 
sensitivity 

Noise levels inside and 
outside bedroom façade 
(outdoor LAeq,24h in 
exposed area in 1997: 
43-69 dB; indoor LAeq,24h 
in exposed area in 
1997: <20-36 dB; 
outdoor LAeq,24h in 
exposed area in 1999: 
39-57 dB; indoor LAeq,24h 
in exposed area in 
1999: <20-24 dB; 
outdoor LAeq,24h in 
control area in 1997: 
40-52 dB; indoor LAeq,24h 
in control area in 1997: 
<20 dB; outdoor LAeq,24h 
in control area in 1999: 
39-48 dB; indoor LAeq,24h 
in control area in 1999: 
<20 dB;) 
 
Outcome variables: 
sleep parameters 
(falling asleep, 
awakenings, sleep 
quality, tiredness in the 
morning) determined by 
questionnaire and 3-day 
sleep logs;  
 
 
 
 
 
 
 
 

No threshold value 
presented 

 After the reduction of road traffic, sleep quality in the exposed 
area improved and no significant differences in comparisons with 
the control area could be observed 

 Sleep was significantly improved in several aspects in the 
exposed area: woken because of traffic noise; difficulty in falling 
back to sleep; sleep quality and time needed to fall asleep 

 A significant, positive exposure-response relationship was found 
between noise levels LAeq,24h outside bedrooms and difficulties in 
falling asleep and awakenings caused by road traffic 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
 

049 
Öhrström, E., Skånberg, 
A. 2004. Journal of 
Sound and Vibration. 
272. Pp. 1097-1109 

Longitudinal surveys on 
effects of road traffic 
noise: substudy on sleep 
assessed by wrist 
actigraphs and sleep logs 
(Europe) 

L Residents along 
Västra Bäckevägen, 
Sweden. (6 males and 
5 females aged 
between 24 and 68 
years in the exposed 
area; 6 males and 7 
females in the control 
area) 

Controlled during 
analysis: age, gender; 
 
Long-term illness, 
sensitivity to noise 

Noise levels outside 
bedroom façade (LAeq,24h 
in exposed area in 
1997: 49-67 dB; LAeq,24h 
in exposed area in 
1999: 39-55 dB; LAeq,24h 
in control area in 1997: 
40-46 dB; LAeq,24h in 
control area in 1999: 
40-44 dB;) 
 
Outcome variables: 
Sleep variables 
(duration, sleep latency, 
mean activity, total wake 
minutes, wake 
episodes) determined 
by wrist-actigraphs); 
perceived sleep quality 
evaluated by 
questionnaire 

No threshold value 
presented 

 Time spent in bed (duration) in the exposed area decreased 
significantly between 1997 and 1999 (-58 min) 

 Mean activity, total wake minutes and the number of activity or 
wake periods did not change significantly in the exposed area 
between 1997 and 1999, but the number of longer wake periods, 
classified as longer than 5 min, decreased significantly from 12 
periods in 1997 to 4 periods in 1999 

 In the control area, no change could be observed between 1997 
and 1999 as regards mean activity, total wake minutes and the 
number of wake episodes but with a reduction in the number of 
longer wake episodes > 5 min 

 Comparison between the exposed and control groups after the 
traffic diversion in 1999 showed no significant differences 
between the groups for any of the variables determined by 
wrist-actigraphs 

 The proportion that seldom or never slept with an open window 
had reduced from 45% to 27% in the exposed area in 1999, 
whilst in the control area the proportion had increased from 8% to 
23% 

 In 1999, after the traffic changes, participants in the exposed 
area felt less tired in the mornings, despite having moved more 
during the night and spending shorter time in bed 

 In the exposed area, there was a tendency towards reduced 
difficulty in falling asleep and better sleep quality in 1999 
compared with 1997. Amongst participants over 43 years old, 
sleep quality was significantly improved in 1999 

 In the control area, sleep quality did not differ between 1997 and 
1999 for any of the reported sleep quality parameters 

Weakness: 
 Small sample size 

 
 

051 
Passchier-Vermeer W, 
Vos H, Steenbekkers J 
H M, Van der Ploeg F D, 
Groothuis-Oudshoorn K. 
2002. TNO Report 
2002.027. 
 

Sleep disturbance and 
aircraft noise exposure – 
Exposure-effect 
relationships 
(Netherlands) 

CS 418 adults living at 15 
locations within a 
distance of 20 km 
from Airport Schiphol, 
Netherlands. Age: 
18-80; 50% male, 
50% female; 6% lived 
less than 1 year in the 
present environment, 
44% over 15 years 
and 50% between 1 
and 15 years 

Aircraft noise effects on a 
long-term time scale 
Aircraft noise exposure 
during day and evening 
confounding the effects 
on attitudes towards 
aircraft noise (e.g. 
annoyance due to aircraft 
noise, perception of 
aircraft noise, 
dissatisfaction with 
aircraft noise around the 
house, fear and worries 

Instantaneous aircraft 
noise effects 
Aircraft noise events: 
Lmax_i (maximum indoor 
sound level of an 
aircraft noise event) and 
SEL10_i (indoor 
equivalent sound level 
of an aircraft noise 
event, normalized to 
one second, assessed 
over the time the sound 
level of the aircraft noise 

Instantaneous aircraft 
noise effects 
Aircraft noise-induced 
increase in probability 
of motility during a 
15-s interval starts on 
average from Lmax_i of 
32 dB(A) or SEL10_i of 
38 dB(A);  
 
Aircraft noise-induced 
increase in probability 
of onset of motility on 

Instantaneous aircraft noise effects 
 Aircraft noise events during sleep are able to increase the 

probability of motility and the probability of onset of motility 
 Li has a prominent impact on instantaneous motility response to 

aircraft noise events. For subjects with a low value of Li (5 
dB(A)), aircraft noise-induced increase in probability of motility is 
about a factor 3 larger than for subjects with high values of Li (35 
dB(A)) 

 Instantaneous aircraft noise-induced motility increases with time 
after sleep onset. Increase in aircraft noise-induced probability of 
motility after seven hours of sleep is a factor of about 1.3 higher 
than at the start of sleep 

 Increase in aircraft noise-induced probability of motility in the 
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because of aircraft 
noise), age 
 

event is larger than 
Lmax_i – 10 dB(A));  
Li (equivalent indoor 
aircraft noise sound 
level, assessed over 11 
sleep period times of a 
subject), Age, time after 
sleep onset, clock time 
 
Aircraft noise effects on 
a 24 hours time scale 
Equivalent aircraft 
sound level (Liaspt), 
number of aircraft 
(niaspt) during sleep 
period time; L50 (median 
sound level in the 
sleeping room during 
sleep); sound insulation 
of bedroom for aircraft 
noise 
 
Aircraft noise effects on 
a long-term time scale 
Li; Lbi23-07h (equivalent 
indoor aircraft sound 
level from 23 to 7 hours 
over 1 year) 
 
Outcome variables: 
Instantaneous aircraft 
noise effects 
Aircraft noise-induced 
probability of motility, 
aircraft noise-induced 
probability of onset of 
motility 
 
Aircraft noise effects on 
a 24 hours time scale 
Mean motility during 
sleep, sleep quality 
rated in the morning 
diary, number of 
awakenings during 
sleep period time, 
reaction time in the next 

average from Lmax_i of 
32 dB(A) and SEL10_i 
of 40 dB(A) 

period from 6 to 7 hours is a factor 1.2 larger than in the period 
from 23 to 6 hours 

 Age of subjects has a small but statistical significant effect on 
probability of motility. Increase in aircraft noise-induced 
provability of motility is maximal at an age of about 46 years, and 
on average somewhat smaller in younger and older subjects 

 
Aircraft noise effects on a 24 hours time scale 
 Liaspt and niaspt during sleep have statistically significant 

positive relationships with motility (mean value during a sleep 
period time) and number of awakenings. 

 There is no statistical significant relationship between Liaspt or 
niaspt and sleep quality. Sleep quality is related to mean motility 
during sleep: the higher motility, the lower subjects rate their 
sleep quality after waking up in the morning 

 The higher L50, i.e., the noisier the bedroom, the higher mean 
motility. Apparently, sounds other than aircraft noise have a 
substantial effect on motility 

 The lower the sound insulation of the bedroom for aircraft noise, 
the high the motility 

 Night-time aircraft noise exposure during sleep only has a slight 
effect on sleepiness in the morning (10:00 hours) and does not 
have an impact on sleepiness in the further course of day and 
evening 

 Reaction time test showed that reaction times and number of 
mistakes are not adversely affected by aircraft noise in the 
course of the night before testing 

 
Aircraft noise effects on a long-term time scale 
 Mean motility, mean onset of motility, mean motility level, and 

sleep latency time are positively related to Li. The higher Li is, the 
higher these effect variables are 

 Aircraft noise during sleep not only results in increased 
probability of motility during aircraft noise events, but the 
exposure induces in addition to this instantaneous effect a 
long-term increase in motility. This long-term component 
increases with Li 

 A variety of effect variables increase with increasing Lbi23-07h: 
annoyance due to aircraft noise, annoyance due to aircraft noise 
at night-time, perception of aircraft noise, perception of aircraft 
during night-time, frequency of awakening due to aircraft noise, 
dissatisfaction with aircraft noise around the house, fear and 
worries because of aircraft noise, adverse effects of aircraft 
noise on sleep, and sleep quality 

 Number of health complaints increases with individual aircraft 
noise exposure during sleep (Li), but is not related to the yearly 
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morning 
Aircraft noise effects on 
a long-term time scale 
Aggregated variables 
(mean motility, mean 
onset of motility, mean 
motility level, sleep 
latency time) over 11 
sleep period times; 
sleep quality obtained 
by questionnaire 

average aircraft noise exposure Lbi23-07h, assessed per location 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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Table  6-3 Summary of experimental studies on environmental noise induced sleep disturbance (13 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
006 
Rabat A, Bouyer J J, 
Aran J M, Courtiere 
A, Mayo W, Le Moal 
M. 2004. Brain 
Research. 1009. Pp. 
88-97 

Deleterious effects of an 
environmental noise on 
sleep and contribution of 
its physical components in 
a rat model 
(France) 

ES Male long-evans rats 
aged 13 weeks.  
22 subjects in 
environmental noise 
(EN) group, 19 in 
continuous 
broad-band noise 
(CBBN) group, 17 in 
intermittent 
broad-band noise 
(IBBN) group 

None Identified Type of 24h noise 
exposure: EN – several 
unpredictable 
environmental noise 
events 91 dB(A) , 
LAeq,24h; CBBN – 
continuous broad-band 
noise 96.9 dB(A) LAeq,24h; 
IBBN: intermittent 
broad-band noise 90.5 
LAeq,24 
 
Outcome variables: 
Wakefulness, slow wave 
sleep (SWS) pattern and 
paradoxical sleep (PS) 
pattern determined by 
electroencephalogram 
(EEG) 

No threshold value 
presented 

 Environmental noise exposure induced sleep disturbances in rats 
similar to those observed in humans 

 Sleep quality was more disturbed under unpredictable noise 
events exposure than under steady continuous loud noise with the 
same LAeq level 

 Environmental noise disturbed the sleep-wakefulness cycle and 
induced a long-lasting decreased of PS amounts combined with a 
SWS fragmentation 

 Two physical components, namely the intermittency of a noise 
event and its spectral composition, were deleterious to sleep. The 
sleep disturbance induced by these two physical factors could be a 
combination of both a “taking off” effect on SWS and PS and a 
homeostatic SWS pressure 

 It has been reported that PS is important for the processing of 
memory information and that SWS fragmentation is responsible 
for diurnal sleepiness leading to cognitive disturbances. Therefore 
such sleep-wakefulness due to environmental noise exposure 
could lead to cognitive deficits 

Weaknesses: 
 Small size 
 Animal subjects rather than human subjects 
 Not environmental noise 

025 
Rabat A, Bouyer J J, 
Aran J M, Moal Le M, 
Mayo W. 2005. Brain 
Research. 1059. 
72-82 

Chronic exposure to an 
environmental noise 
permanently disturbs 
sleep in rats: 
Inter-individual 
vulnerability 
(France) 

ES 29 mail long-evans 
rats aged 16 weeks 

None Identified 9 day exposure to 
environmental noise 
(EN) with background 
noise and several 
unpredictable noise 
events with duration of 
noise events and 
inter-noise interval 
which were randomly 
distributed. Global 
intensity of EN: 88 dB(A) 
LAeq 
 
Outcome variables: 
Sleep states measured 
by recording 
electroencephalogram 
(EEG) activity 

No threshold value 
identified 

 Environmental noise was shown to permanently disturbed both 
slow wave sleep (SWS) and paradoxical sleep (PS). During 9 days 
of EN exposure, both SWS and PS amounts of subjects were 
continuously diminished 

 The effects of global intensity and number of noise events on sleep 
were not found. Unpredictability of intermittent noise events, their 
frequency spectra and the ratio between peak intensity of noise 
events and background noise seemed to be the only physical 
factors responsible for the absence of habituation of the sleep 
parameters under a chronic exposure to EN 

 An inter-individual vulnerability in sleep alterations during the 
chronic exposure to EN was observed. Vulnerable rats entered 
more frequently into SWS, probably in response to an increasing 
need, but stay less longer in SWS than resistant rats, suggesting 
that vulnerable rats could not enter into deeper state of SWS and 
would stay more sensitive to intermittent and unpredictable noise 
events 

Weaknesses: 
 Small size 
 Animal subjects rather than human subjects 
 Not environmental noise 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
029 
Hume K.I., Van, F., 
Watson, A. 2003.  
Manchester 
Metropolitan 
University 

Effects of aircraft noise on 
sleep: EEG-based 
measurements  
(UK) 

ES 46 subjects (21 males 
and 25 females) living 
around Heathrow, 
Gatwick, Stansted and 
Manchester airports  

None Identified Sex, noise sensitivity, 
aircraft noise events 
(ANEs) 
 
Outcome variables: 
Electroencephalography 
(EEG) arousals 

No threshold value 
presented 

 The sleep of most subjects appeared to be largely unaffected by 
ANEs. Overall, the incidence of ANE-responses was 4.10%, i.e. 1 
in 24 ANEs caused an EEG-arousal 

 EAWs (EEG-arousal in an ANE window) were most likely occur 
during light sleep (stage 1) and least likely during deep sleep 
(stage 4), thus supporting the general view that the probability of 
sleep disturbance progressively decreases from sleep stages 1 to 
4 

 There was a trend for EAWs to increase during the night. The 
incidence of major and minor EEG-arousals appeared to be 
related to the different phases of sleep over the night 

 Men were found to have a significantly higher rate of EAWs than 
women. No significant effect of age on the rate of EAWs was 
found.  

 A highly significant difference was found between the incidence of 
EAWs for groups of more- and less-sensitive subjects; the 
more-sensitive subjects had about two and a half times more 
EAWs than the less sensitive subjects. The more-sensitive 
subjects also tended to have later sleep onset times and there 
were indications that they were also poorer sleepers. 

 There was no reliable evidence from this analysis that aircraft 
noise experienced during the sleep latency period delayed sleep 
onset. A substantially larger EEG study would be necessary to 
resolve the question with adequate statistical confidence 

Weakness: 
 Small sample size 

033 
Kaku, J., Hiroe, M., 
Kuwano S., Namba 
S. 2004. Journal of 
Sound and Vibration 
277. Pp. 459 – 464 

Sleep disturbance by 
traffic noise: an 
experimental study in 
subjects’ own houses 
using a portable CD player 
(Japan) 

ES 4 females and 8 males 
aged between 19 and 
53 with normal hearing 
ability 

None Identified Noise type (road traffic 
noise from main road 
with large 
level-fluctuations, road 
traffic noise from an 
expressway with small 
level fluctuations, rail 
noise from a 
conventional railway, all 
recorded on a compact 
disc with a duration of 
60min and played during 
the sleep of the subjects 
in their dwellings); Noise 
level (LAeq,1h = 27.5, 35 
and 42.5 dB for each 
noise type) 
 
Outcome variables: 
Whether the subjects 

See “Main results”  The effect of railway noise on sleep was larger than that of road 
traffic noise under equal values of LAeq 

 There was little effect of the level of fluctuations in road traffic noise 
 The maximum sound pressure level of stimuli has great influence 

on sleep as well as LAeq 
 The results of the self-declaration questionnaire showed that the 

threshold where half of the subjects were disturbed was about 35 
dB LAeq,1h for railway noise and 40-45 dB LAeq,1h for road traffic 
noise 

 The actigraph data showed that a rapid increase in the incidence 
of mid-sleep awakening occurred at more than 50 dB in LAeq,1m for 
railway noise. In contrast, neither of the road traffic noises showed 
such a tendency at less than 55 dB LAeq,1m 

Weaknesses: 
 Small sample size 
 “Artificial” environmental noise 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
switched off the CD 
player; self-reported 
sleep disturbance by 
questionnaire; amount 
of body movement as 
measured by a 
wrist-worn actigraph 

038 
Kuwano, S., 
Mizunami, T., 
Namba, S., 
Morinaga, M. 2002. 
Journal of Sound 
and Vibration. 
250(1). Pp. 83-90.  

The effect of different 
kinds of noise on the 
quality of sleep under the 
controlled conditions 
(Japan) 

ES 4 female and 14 male 
subjects aged 
between 19-38 

None Identified Noise source (simulated 
air-conditioner noise of 
25 dB(A) LAeq; road 
traffic noise with 
dynamic range of level 
fluctuation of 41 dB and 
LAeq of 25 and 45 dB(A); 
road traffic noise with 
dynamic range of level 
fluctuation of 18 dB and 
LAeq of 25, 35 and 45 
dB(A); karaoke songs of 
25 dB(A) LAeq; 
conversation of 25 
dB(A) LAeq) to subjects 
via earphones during 
sleep 
 
Outcome variables: 
Quality of sleep, 
disturbance of sounds 
determined by 
questionnaire; the time 
when subjects switched 
off the sound  

No threshold value 
presented 

 High linear correlation could be found between LAeq and the effects 
of road traffic noise on sleep disturbance as far as the sounds used 
in this experiment were concerned 

 The linear correlation between LAmax and the effects of road traffic 
noise on sleep disturbance was also statistically significant, but the 
coefficient of correlation was lower than that with LAeq 

 No effect of level-fluctuation on sleep disturbance was found 
 The sounds which convey verbal information (karaoke songs and 

conversation) were found to be disturbing even if their sound levels 
were low (25 dB(A) LAeq) 

Weaknesses: 
 Small sample size 
 Non-environmental noise or “artificial” environmental noise 

046 
Namba, S., Kuwano, 
S., Okamoto, T. 
2004. Journal of 
Sound and Vibration. 
277. Pp.  445-452. 

Sleep disturbance caused 
by meaningful sounds and 
the effect of background 
noise (Japan) 

ES 12 males and 8 
females aged between 
20 and 42 

None Identified Noise source (16 
combinations of karaoke 
songs of 25, 30, 35, 40 
dB(A) LAeq as 
meaningful sounds and 
simulated 
air-conditioner noise of 
30, 35, 40, 45 dB(A) LAeq 
as background noise) to 
subjects via earphones 
during sleep 
 
Outcome variables: 
Quality of sleep, 
disturbance of sounds 

No threshold value 
presented  

 Concerning the effect of background noise (i.e. the simulated 
air-conditioner noise), there was no significant difference in sleep 
disturbance between signal-to-noise conditions, that is, “no noise, 
karaoke songs only” conditions, “level of karaoke 5 dB below the 
level of air-conditioner sound (S/N-5 dB)” conditions and “level of 
karaoke 10 dB below the level of air-conditioner sound (S/N-10 
dB)” conditions 

 There was a linear exposure-response relationship between sleep 
disturbance and LAeq within the same S/N condition 

 Even in the “S/N-10 dB” conditions subjects could detect the 
karaoke sounds. This suggested that when a meaningful sound is 
audible, there is no clear effect of background noise in sleep 
disturbance 

Weaknesses: 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
determined by 
questionnaire; the time 
when subjects switched 
off the sound 

 Small sample size 
 Not environmental noise 

052 
Waye, K.P., Agge, 
A., Clow, A., 
Hucklebridge, F. 
2004. Journal of 
Sound and Vibration. 
227. Pp. 453-457 

Cortisol response and 
subjective sleep 
disturbance after 
low-frequency noise 
exposure (Europe) 

ES 26 male students with 
an average age of 26 
years old 

None Identified Low frequency noise 
with a dominant 50 Hz 
tone, sinusoidally 
amplitude modulated 
(100%) with a 
modulation frequency of 
2 Hz (LAeq 24 dB in 
reference nights and 40 
dB in exposure nights) 
 
Outcome variables: 
Subjective evaluations 
of sleep and mood 
obtained using 
questionnaire in the 
morning and in the 
evening 

No threshold value 
presented 

 Tiredness in the morning was reported to a significantly higher 
degree after nights with low-frequency noise exposure 

 Of the mood dimensions, social orientation in the morning was 
rated lower after nights with low-frequency noise exposure 
compared to the reference night 

 Hedonic tone, social orientation and relaxation were rated 
significantly lower in the evenings following nights with 
low-frequency noise as compared to evenings after reference 
nights 

 No significant differences were found between exposure 
conditions for time to fall asleep, number of times waking up during 
the night, and reported tension in the morning 

Weaknesses: 
 Small sample size 
 Not environmental noise 

053 
Rabat, A., Bouyer, 
J.J., Aran, J.M., Le 
Moal, M., Mayo, W. 
2005. Brain 
Research. 1059. Pp. 
72-82 

Chronic exposure to an 
environmental noise 
permanently disturbs 
sleep in rats: 
inter-individual 
vulnerability (Europe) 

ES 29 male Long-Evans 
rats of 12 weeks old 

None Identified Environmental noise 
(composed of 
background noise of 70 
dB and of several 
unpredictable noise 
events with duration of 
noise events and 
inter-noise interval 
which were randomly 
distributed to obtain 
global intensity of Leq,24h 
of 88 dB); vulnerability of 
rats 
 
Outcome variables: 
Sleep states monitored 
by recording EEG 
activity from chronically 
implanted cortical 
electrodes 

No threshold value 
presented 

 During 9 days of noise exposure, both slow wave sleep (SWS) and 
paradoxical sleep (PS) amounts of the rats were continuously 
diminished. At the end of 9 days of noise exposure, rats have lost 
about 1.1 h/day of SWS and 0.75 h/day of PS. These results are in 
accordance with previous human studies showing that a chronic 
environmental noise exposure disturbs human’s sleep 

 A decrease of both SWS and PS bout duration was observed 
during 9 days of noise exposure. This agrees with the fact that only 
unpredictable noisy events with variable frequency spectra of 
environmental noise could wake up rats without habituation 

 Unpredictability of intermittent noisy events, their frequency 
spectra and the ratio between peak intensity of noisy events and 
background noise seem to be the only physical factors responsible 
for the absence of habituation of the sleep parameters under a 
chronic exposure to environmental noise 

 With similar noisy conditions, SWS parameters of all rats were not 
equally disturbed. At the end of the 9 days of noise exposure, 
some rats (vulnerable rats) had a strong debt of SWS whereas 
others had a weak or no debt of SWS (resistant rats) 

 Vulnerable rats could not enter into deeper state of SWS and 
would stay more sensitive to intermittent and unpredictable noisy 
events 

Weaknesses: 
 Small sample size 
 Animal subjects rather than human 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
 “Artificial” environmental noise 

059 
Sasazawa, Y., Xin, 
P., Suzuki, S., 
Kawada, T., 
Kuroiwa, M. 2002. 
Journal of Sound 
and Vibration. 250. 
Pp. 91-99 

Different effects of road 
traffic noise and frogs 
croaking on night sleep 
(Japan) 

ES 7 men aged between 
19-21 with normal 
sleep-wake cycles 

Ruled out before the 
study: drinking, daytime 
nap; 
 
Noise sensitivity 

Noise sources (recorded 
road traffic noise of LAeq 
49.6 dB(A) and LAmax 
72.1 dB(A); croaking of 
Japanese Tree Frogs of 
LAeq 49.5 dB(A) and 
LAmax 56.1 dB(A), both 
played in an 
experimental room) 
 
Outcome variables: 
Sleep polygraphic 
parameters: percentage 
of sleep stage relative to 
the total sleep time 
(%S1, %S2, %S(3+4), 
%stage of rapid eye 
movement (SREM), 
%movement time (MT)), 
total sleep time (TST), 
sleep onset latency 
(SOL) and awakening 
during sleep in minutes 
(TW); subjective 
parameters: sleepiness, 
sleep maintenance, 
worry, integrated sleep 
feeling and sleep 
initiation, determined by 
questionnaire 

No threshold value 
presented 

 A tendency towards increase in the %S2 on the nights of exposure 
to road traffic noise was observed. On the other hand, the %S2 on 
the nights of non-exposure to sound and during exposure to frog’s 
croaking were almost the same 

 The %SREM was significantly decreased during exposure to road 
traffic noise, and the values during exposure to frog’s croaking 
were scarcely different as compared to those on the nights of 
non-exposure to sound. The difference between exposure to traffic 
noise and frog’s croaking remains to be clarified 

 The subjective sleep parameters showed a tendency to be 
disturbed following exposure to both road traffic noise and the 
sound of frogs’ croaking as compared to those following nights of 
non-exposure to noise. However, the scores in the sleep 
maintenance item were similar following nights of exposure to 
frogs’ croaking and those of non-exposure to noise. 

 The scores in the other items of the questionnaire decreased more 
following exposure to road traffic noise than that to frogs’ croaking 

 Frequency analysis of road traffic noise revealed that the highest 
peak level was in lower frequency bands, which was different from 
the case of the frogs’ croaking. Previous studies had reported that 
exposure to low-frequency sounds might be more annoying and 
disturbing to sleep 

Weaknesses: 
 Small sample size 
 “Artificial” environmental noise 

066 
Skånberg A. 2004. 
Thesis. Department 
of Environmental 
Medicine. The 
Sahlgrenska 
Academy at 
Göteborg University. 

Community noise and 
sleep disturbances field 
and laboratory evaluations 
(Sweden) 

ES 13 females and 5 
males aged 18-30 
living in dwellings 
situated in 
Gothenburg 
municipality in rather 
quiet surroundings 
without trams, trains or 
busy roads in the 
neighbourhood; 5 
females and 4 males 
aged 22-55 living 
along a street with a 
relatively high traffic 
load, with bedroom 

Age Type of noise: traffic 
(LAeq,23-07 39 dB), 
ventilation (LAeq,23-07 40 
dB), traffic and 
ventilation (LAeq,23-07 43 
dB), quiet reference 
(LAeq,23-07 25 dB); 
sleeping environment: 
subjects’ own home, 
laboratory; noise 
sensitivity 
 
Outcome variables: 
Duration (time in bed), 
activity mean, sleep 

No threshold value 
presented  

 There was no difference between sleep quality with equal road 
traffic noise exposure in the home and in the laboratory. Also the 
sleep laboratory environment did not negatively influence the 
subjects’ morning mood 

 Subjects used to living in quiet surroundings and subjects used to 
being exposed to road traffic noise reacted alike when exposed to 
the same levels of road traffic noise in the laboratory and at home 

 The results obtained by questionnaires seemed to be more 
reliable than the results obtained by actigraphy, since more 
consistent results were obtained. The actigraphy results may be 
less reliable because actigraphy could not differentiate between 
when the subject was awake and immobile and when the subject 
was asleep 

Weakness: 
 Small sample size 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
windows facing the 
street 

latency, sleep efficiency 
wake episode and long 
wake episodes 
determined by 
wrist-actigraph; 
self-reported sleep 
quality determined by 
questionnaire 

 “Artificial” environmental noise 

069 
Kuroiwa M, Xin P, 
Suzuki S, Sasazawa 
Y, Kawada T, Tamura 
Y. 2002. Journal of 
Sound and Vibration. 
250(1). Pp. 101-106 

Habituation of sleep to 
road traffic noise observed 
not by polygraphy but by 
perception 
(Japan) 

ES 9 male students aged 
19-21 who had normal 
hearing ability 

Ruled out before study: 
drinking, drug taking, 
daytime naps 

Road traffic noise in 10 
consecutive nights: 71.2 
dB(A) Lmax; 49.6 dB(A) 
Leq 
 
Outcome variables: 
Sleep polygraphic 
parameters: 
percentages of sleep 
stages based on total 
sleep time (%S1, %S2, 
%S(3+4), percentage of 
rapid eye movements 
(%REM), percentage of 
movement time (MT) 
Total sleep time in 
minutes (TST), sleep 
latency in minutes (SL), 
awakening time after 
sleep onset in minutes 
(TW), sleep efficiency in 
percentages (EFFIC), 
number of stage shifts 
per hour (SHIFT), 
number of sleep 
spindles per hour (SP), 
alpha and delta wave in 
percentages (% , % ), 
reaction time in seconds 
(RT) 
 
Self-reported 
sleepiness, sleep 
maintenance, worry, 
integrated sleep feeling, 
sleep initiation  
 
 
 

No threshold value 
presented 

 Decreased %REM, elongated RT, and decreased subjective scale 
scores of the five sleep quality questions were found due to 
exposure to road traffic noise at night 

 Habituation of sleep to road traffic noise was observed only in 
subjective parameters of sleep. Little or no evidence of habituation 
was detected in polygraphic parameters during the ten exposure 
nights 

 This suggested that habituation to noise has two aspects, 
sensation and perception mechanisms, corresponding to sleep 
polygraphy and to questionnaire respectively. Sensation and 
perception levels are to be considered separately in studies 
exploring the habituation of sleep to noise 

Weaknesses: 
 Small sample size  
 No control group 
 “Artificial” environmental noise 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
 
 

074 
Waye K.P., Clow A., 
Edwards S., 
Hucklebridge F., 
Rylander R. 2003.  
Life Sciences. 72. 
Pp. 863-875 

Effect of nighttime low 
frequency noise on the 
cortisol response to 
awakening and subjective 
sleep quality (Europe) 

ES 12 males average age 
of 24.5 years slept for 
five consecutive nights 
in a noise-sleep 
laboratory. The first 
night was a quiet 
acclimatization night, 
the 2nd and 4th nights 
were quiet reference 
nights and the 3rd and 
5th nights were either 
low frequency or traffic 
noise exposure nights 

Ruled out before study: 
smoking 
 
Noise sensitivity 

Noise type: ventilation 
noise (LAeq 24 dB(A)) 
during reference nights, 
traffic noise (LAeq 35 
dB(A) and LAmax 50 
dB(A)), low frequency 
noise (LAeq 40 dB(A) and 
frequency 31.5-215 Hz) 
 
Outcome variables: 
Cortisol secretion 
measured from saliva 
samples taken directly 
after waking up and then 
15, 30, and 45 min after 
awakening; 
Self-reported sleep 
quality and evening and 
morning mood 
determined by 
questionnaire 

No threshold value 
presented 

 The cortisol awakening response was altered following nocturnal 
exposure to low frequency noise. Most notably, after exposure to 
low frequency noise the levels of cortisol had not peaked by 30 
minutes post awakening as observed in reference nights, and 
these attenuated levels of cortisol were related to tiredness and 
negative mood 

 The cortisol response was attenuated only after nights with low 
frequency noise 

 Low frequency noise mainly affected the time to fall asleep, which 
was reported to be nearly twice as long as for the reference night, 
and the feeling of being irritated in the morning 

 Traffic noise mainly had greater negative effect on sleep quality 
and the feeling of being irritated in the morning than low frequency 
noise did 

 Exposure to traffic noise induced greater irritation compared to low 
frequency noise 

 The different effects of traffic noise and low frequency noise on 
sleep may be due to that the low frequency noise was a 
continuous noise while the traffic noise was of an intermittent 
character. Previous studies have reported that continuous noise 
had a significantly smaller effect on sleep quality than intermittent 
noise  

Weaknesses: 
 Small sample size 
 Not environmental noise 

078 
Tamura Y, Horiyasu 
T, Sano Y, Chonan K, 
Kawada T, 
Sasazawa Y, 
Kuroiwa M, Suzuki 
S. 2002. Journal of 
Sound and Vibration. 
250(1). Pp. 107-113 

Habituation of sleep to a 
ship’s noise as determined 
by actigraphy and sleep 
questionnaire 
(Japan) 

ES 4 healthy students 
aged 21-24 

Ruled out before study: 
drinking, drug taking, 
daytime naps, exercise 
doing 

Steady noise of a ship 
with a sound level of 60 
dB(A) LAeq, previously 
tap-recorded in a 
bedroom of a diesel 
engine ship at voyage 
speed for eight 
consecutive nights 
 
Outcome variables: 
Actigraphic sleep 
parameters monitored 
by a wrist-worn 
actigraphy:  time in bed 
(TIB), sleep latency 
(SL), sleep period time 
(SPT), time spent awake 
after sleep onset 
(WASO), total sleep 

No threshold value 
presented 

 Habituation of sleep to the steady ship noise was found to be 
significant in integrated sleep feeling and sleep initiation 
determined by the subjective sleep questionnaire 

 It had been suggested that a continuing inhibitory pulse from a 
certain center in the cortex may suppress the activation of the 
reticular formation during exposure to a steady pink noise, which 
could deepen sleep. Therefore exposure to steady noise could 
cause habituation of sleep to noise in terms of the subjective sleep 
parameters 

 No significant habituation of sleep to the steady ship noise was 
observed in the sleep parameters measured by actigraphy. 
Habituation was expected in the parameters of sleep latency and 
level of wrist movements during the SPT if there were a sufficiently 
large number of subjects 

 Based on the inter-individual variation in the variation in the 
sensitivity to noise, habituation should differ accordingly from 
person to person. Subsequent studies should be done with longer 
exposure times and larger subject populations 

Weaknesses: 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
time (TST), sleep 
efficiency (SEI), the 
number of wrist 
movements during SPT 
(ACTIVITY); 
self-reported sleep 
quality determined by 
questionnaire 

 Small sample size 
 No control group 
 “Artificial” environmental noise 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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7. NOISE AND ANNOYANCE 
 
7.1 Annoyance – 22 articles 

 
Annoyance is a common subjective reaction of people. It is perceived very differently from person to 
person. Yet, it is generally accepted that annoyance is the major effect of environmental noise and 
that the extent of annoyance is positively associated with noise level. Annoyance can be defined as 
“a feeling of discomfort which is related to adverse influencing of an individual or a group by any 
substances or circumstances. Annoyance expresses itself e.g. by malaise, fear, threat, trouble, 
uncertainty restricted liberty experience, excitability or defenselessness” (Niemann et al, 2004). It 
was also stated “with chronically strong annoyance a causal chain may exist between the three 
steps health – annoyance – disease”. A total of 22 papers, including seven literature reviews, five 
meta-analyses, and nine population-based epidemiological studies, were reviewed. Tables 7.1 to 
7.3 summarize the major findings of these studies. 
 

7.2 Literature review studies (7 articles) 
 

Literature review studies have consistently indicated that noise exposure is positively related to a 
person’s annoyance and stress. Acoustical factors affecting noise annoyance include noise source, 
intensity, frequency and stress. Increasing intensity as well as frequency and intermittent, irregular, 
pulse or rhythmic noise would normally lead to higher annoyance (Berry et al, 2004; enHealth, 2004). 
The mostly studied noise-induced annoyance was that caused by traffic noise, including aircraft 
(Brown et al, 2005; enHealth Council, 2004; Hollander et al, 2004; Ising et al, 2003), railway (Brown 
et al, 2005; enHealth Council, 2004; Hollander et al, 2004; Ising et al, 2003) and road traffic 
(enHealth Council, 2004). When comparing the annoyance induced by these three noise sources, it 
was suggested that in general aircraft noise is more annoying than road traffic noise, and rail noise is 
the least annoying (Hollander et al, 2004; Ising et al, 2003). It was probably because aircraft noise 
involves intermittent noise events while road traffic noise is rather continuous. The least annoyance 
caused by rail noise was due to non-acoustic reason. In Europe railroad is taken to be a social 
means of transportation connected with lesser danger for health than cars and aircrafts and thus has 
a better image in the minds of European people (Ising et al, 2003).  
 
Most of the studies only concerned about annoyance caused by an existing noise. Studies on 
changes in annoyance due to step-change in noise are limited and are not comparable in terms of 
method, size, design and context. In an article review study Brown et al (2005) pointed out that 
evidence for response to change in noise level are still inconclusive, as wide range of observations 
have been reported from different studies. The authors suggested that to have a clearer view on this 
issue a long-term longitudinal study is required, and time series measurements of activity 
(behavioural) effects, noise sensitivity, coping strategies and prospective assessments would be 
necessary.  
 
Some researchers pointed out that noise exposure explains only 25-30% of observed variance in 
annoyance reports, while the rest is governed by other non-acoustical factors, such as age, gender, 
psychological status, individual noise sensitivity, fear with respect to the source, perceived control 
over the situation, perceived economic or societal advantages of noise generating activity, poor 
housing, other environmental exposures (Hollander et al, 2004; Miedema et al, 2003; van Kempen 
et al, 2005). Similarly, another study assessed the effect of season and meteorological conditions on 
annoyance level, and discovered that people are feeling more annoyed with higher temperature, 
more sunshine, less precipitation and lower wind speed (Miedema et al, 2005). 
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7.3 Population-based studies (9 studies) 
 
Nine population-based epidemiological studies were reviewed, all of which determined noise 
annoyance by means of questionnaire as it is a subjective measure. The ISO/TS-15666 proposed 
that socio-acoustic surveys incorporate two standardized questions, which contain verbal and 
numerical rating scales respectively (ISO 2003). The question with verbal rating scale should read 
as “Thinking about the last 12 months or so, when you are here at home, how much does noise from 
(noise source) bother, disturb or annoy you?” with the following response options: Not at all, Slightly, 
Moderately, Extremely. The question with numerical rating scale should read as “Thinking about the 
last 12 months or so, what number from 0 to 10 best shows how much you are bothered, disturbed or 
annoyed by (source) noise?” with 0-to-10 opinion scale, 0 is equivalent to “Not at all annoyed” while 
10 is equivalent to “Extremely annoyed”. The purpose of using two questions is to increase the 
reliability of this psychometric measurement. Among the studies reviewed, only the ones performed 
by Öhrström (2004) and Michaud et al (2005) strictly followed this recommendation. Nevertheless, 
most of the other studies used similar questions with five-graded verbal scale (Sato et al, 2002) or 
with 11-point numerical scale (Wallenius, 2004) for the assessment of noise annoyance. Some also 
used a three-graded verbal scale: “A little annoyed, Rather annoyed, Very annoyed” (Rylander, 
2002). In addition to asking about noise annoyance directly, some studies also incorporate questions 
concerning the existence of activity disturbances due to noise as indicators for noise annoyance 
(Öhrström, 2004; Sato et al, 2002; Wallenius, 2004). Examples of activity disturbances concerned 
include conversation, radio/TV, concentration, rest/relaxation and keeping windows open as often as 
desired. 
 
Most of the population-based studies reviewed concerned about road traffic noise. Öhrström (2004) 
conducted a longitudinal study on the effects of changes in road traffic noise on annoyance of 
residents along a main road in a city of Sweden where the road traffic was reduced from 24,600 to 
2,380 vehicles per day upon a major traffic modification and the opening of a new tunnel. The traffic 
reduction led to decrease in noise levels at the most exposed façade of dwellings in the exposed 
area from 56-69 dB(A) LAeq,24h to 44-57 dB(A) LAeq,24h. A high and significant correlation was found 
between noise level and self-reported annoyance in the exposed area before the traffic reduction 
when the road traffic noise level was high. After the reduction in traffic volume, the percentage of 
residents reported to be very annoyed dropped considerably from 58% to 6.7%. Sobotová et al 
(2003) also reported significant positive correlation between road traffic noise exposure and 
annoyance. In their study on 465 university students, those from the exposed group (67±2 dB(A) 
LAeq outside the most exposed façade) were found to be significantly more annoyed compared to 
those from the control group (58.7±6 dB(A) LAeq outside the most exposed façade). 
 
Some researchers suggested that road traffic noise annoyance was not caused by noise levels at 
dwelling façade alone, but also by window orientation. Rylander et al (2002) studied noise 
exposures of residents in eight areas in Sweden with various distributions of road traffic over the day. 
The subjects were classified into those living in flats with rooms facing to the street only (SO group) 
and those living in flats that also had rooms facing the quite side of the building (QS group). They 
found that the difference in the extent of annoyance between the subjects was not related to the 
average exposure level in each area, but was associated with whether the dwellings had rooms 
facing the quite side of the building. The average difference in percentage of persons reporting “very 
annoyed” by road traffic noise between the SO and QS groups within the same area was 13.6%. The 
authors suggested that such difference might be due to the different ability to retire to a quiet part of 
the dwelling for sleep or rest. However, it should be noted that since the noise measurements were 
not conducted directly outside the subjects’ dwellings, but only outside the façade of the building one 
storey above the street level in a mobile van, it might not accurately reflect the actual noise exposure 
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of the subjects. 
 
Other than noise exposure levels, other non-acoustical factors such as house type, culture, lifestyle, 
age, education, noise sensitivity etc, could also affect annoyance. Sato et al (2002) studied the noise 
exposure and annoyance of residents in two cities in Japan and one city in Sweden. They reported 
that people living in detached houses were more annoyed by house vibration caused by road traffic 
than people living in apartment houses, probably due to the difference in house structures. No 
systematic differences in annoyance between the two Japanese cities could be found, but people 
living in detached houses in Sweden were more annoyed by the same road traffic noise than people 
in Japanese cities. The authors suggested this was due to the significant disturbances to activities 
and resting in gardens or on balconies of residents in Sweden by noise, while Japanese usually 
have activities or rests indoors. They concluded that cultural difference and house type might 
influence noise annoyance. Michaud et al (2005) reported that people aged 65 and above were least 
likely to be annoyed by noise. Also, subjects with greater than secondary education were the least 
likely to respond that they were slightly or not at all annoyed by noise compared to those with a 
secondary or less than secondary education. 
 
Research works on annoyance by aircraft noise (Issarayangyun et al, 2005) and railway noise (

et al, 2003) by population-based epidemiological studies have also been found. However, in 
these articles questions and scales for measuring noise annoyance were not clearly presented and 
therefore their results were not comparable.  
 
Table 7-3 summarizes the population-based studies on environmental noise induced annoyance.  
  

 
7.4 Meta-analysis studies (5 articles) 
 

Five meta-analyses on noise annoyance which aggregated and summarized the findings of different 
studies were reviewed. Among these studies, two reported non-acoustical factors that could affect 
noise annoyance, two developed exposure-response relationships between noise exposure and 
noise annoyance, one examined the relative risks of chronic illnesses of noise-annoyed persons. 
 
By analysing 28 combined datasets and separate analyses of a large aircraft noise study, Miedema 
et al (2003) found that there was a positively relationship between noise sensitivity and noise 
annoyance. Noise sensitive persons tended to be more annoyed compared to the non-sensitives at 
the same noise exposure level. Also, noise sensitivity was found to have no association with noise 
exposure. In another study, which included data sources from 42 studies conducted at different 
times of year on noise annoyance induced by traffic noise, indicated that season and meteorological 
conditions might affect noise annoyance (Miedema et al, 2005). It was found that summer season, 
which usually implies higher temperature and greater amount of sunshine, tended to result in slightly 
higher long-term annoyance. However, the authors indicated that these findings are not sufficiently 
precise to determine whether the apparent relationships with meteorological conditions are only the 
result of seasonal variations or are also the result of differences in the climate at different locations.   
 
In recent years there were attempts to determine exposure-response relationships between 
environmental noise exposure and noise annoyance, which could be used to estimate the number of 
annoyed persons or highly annoyed persons, given the noise exposure of their dwellings. The most 
notable ones are those developed by the European Communities (2002). In this meta-analysis, a 
large number of datasets from studies concerning different types of transportation noise (road traffic, 
aircraft and railway), carried out in Europe, North America and Australia, were compiled. Noise 
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exposures of different measures were transformed to Lden, while various annoyance scales were 
transformed to a 0 to 100 basis and cut-off was used at the scale value 50 for percentage of persons 
annoyed [%A] or 72 for percentage of persons highly annoyed [%HA] which were subsequently used 
as the descriptors of noise annoyance in population.  
 
The polynomial approximations for the relationships between aircraft, road traffic and railway noise 
and noise annoyance developed are shown in Figure 7.1 and as follow: 
 
 Aircraft: %A = 8.588*10-6(Lden-37)3 + 1.777*10-2(Lden-37)2 + 1.221(Lden-37); 
    Road: %A = 1.795*10-4(Lden-37)3 + 2.110*10-2(Lden-37)2 + 0.5353(Lden-37); 
Railway: %A = 4.538*10-4(Lden-37)3 + 9.482*10-2(Lden-37)2 + 0.2129(Lden-37); 
 
 Aircraft: %HA = -9.199*10-5(Lden-42)3 + 3.932*10-2(Lden-42)2 + 0.2939(Lden-42); 
   Road: %HA = 9.868*10-4(Lden-42)3 - 1.436*10-2(Lden-42)2 + 0.5118(Lden-42); 
Railway: %HA = 7.239*10-4(Lden-42)3 - 7.851*10-3(Lden-42)2 + 0.1695(Lden-42); 
 
These relationships between Lden and annoyance could be used to estimate the prevalence of 
annoyance on the basis of noise maps. The curves were recommended to be used for strategic 
assessment of long-term stable situations. They could also be used in target setting, in translating 
noise maps into overviews of numbers of persons annoyed or highly annoyed, in cost-benefit 
analysis and Environmental Health Impact Assessment. They are not applicable to local, 
complaint–type situations, or to the assessment of the short-term effects of a change of noise 
climate. The curves were derived for adults only and could not be utilized for children. Therefore, the 
authors stressed that substantial deviations from the predicted percentage annoyed persons would 
be expected for limited groups at individual sites because of the random factors, individual and local 
circumstances and study characteristics affecting the noise annoyance. 
 
Instead of applying such international exposure-response curves, Klæboe et al (2004) established a 
national set of exposure-response relationships from five Norwegian socio-acoustics studies, 
covering 18 study areas from two cities and a total of nearly 4,000 respondents, to predict 
Norwegian annoyance response to road traffic noise and compared them with an international 
compilation of survey results by Miedema et al (1999). By taking into account the effects of age and 
noise sensitivity, exposure-response relationships for road traffic noise annoyance right outside 
apartment and indoors were developed. The comparison between these relationships with those by 
Miedema et al (1999), it was found that the annoyance curves of both right outside apartment and 
indoors of Norwegian lie above the “international” curves. However such results could not lead to the 
conclusion that Norwegians react stronger to road traffic noise, due to the differences in the road 
traffic noise calculation methods, survey differences and differences in the formulation of the 
annoyance questions, number of categories, etc. The authors suggested that it was only possible to 
conclude somewhat stronger that applying the exposure-response results of Miedema et al (1999) to 
Norwegian exposure data might imply that the level of noise annoyance in the population is being 
underestimated. 
 
In addition, Klæboe et al (2004) reported that the quality of the window insulation properties had 
influence on noise annoyance indoors. It was found that apartments having single glazing in one or 
both of the rooms had an annoyance level comparable to residents exposed to 2.5 – 3 dB higher 
noise levels and normal double-layer glazing. Such influence was not mentioned in the study by the 
European Communities (2002). 
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Figure  7-1 The percentage annoyed persons (%A) (upper) and highly annoyed persons (%HA) 
(lower) as a function of the noise exposure of the dwelling (Lden). The solid lines are the estimated 
curves, the dashed lines are the polynomial approximations, and the dotted lines are the 95% 
confidence intervals. (European Communities, 2002) 
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Some studies indicated that noise annoyance might lead to elevated risk of chronic diseases or 
physiological symptoms. In a meta-analysis in the WHO LARES study (Niemann et al, 2004), which 
combined data of eight European studies, correlations between road traffic noise annoyance and the 
prevalence of several chronic diseases were investigated. Potential confounders such as age, 
gender, consumption of alcohol, smoking behaviour, sports, body mass index, socio-economic 
status and housing factors were controlled. Relative risks of diseases (odds ratio) were determined 
for adult, elderly and children, and were regarded as statistically significant if the drawn 95% 
confidence interval did not include the value 1. It was shown that there were slight but significant 
elevated disease risks of asthma, diabetes and migraine for adults moderately annoyed by general 
traffic noise. For adults strongly annoyed by general traffic noise, there were increased risks of 
allergy, bronchitis, depression, hypertension, migraine, and arthritic, cardiovascular and respiratory 
symptoms. For elderly people it was shown that strong annoyance by road traffic noise was a 
significant risk factor only for arthritic symptoms and stroke. With children the effects of road traffic 
noise were primarily in the respiratory system. The authors suggested that the result confirmed the 
thesis that for chronically strong annoyance a causal chain exists between the three steps health – 
strong annoyance – increased morbidity. However, they also mentioned the limitations of the study. 
The control variety set, although classified as sufficient, could not be considered as complete. Well 
known confounders such as noise sensitivity, occupational noise exposure, family history and air 
pollution were not taken into account in the statistical analysis. Also, the LARES study only 
uncovered statistical associations between noise annoyance and chronic illnesses. To develop an 
interpretation of cause-response relationships, biological plausibility is required. Whereby biological 
means that there are credible mechanisms which explain how the noise exposure can contribute to 
the development of the illness. The causal interpretation of the association should finally be 
supported by an exposure-response relationship and comparable findings in independent studies.  

 
7.5 Conclusions 
 

Noise annoyance had been studied extensively by considerable amounts of epidemiological 
research and there were findings that noise exposure would induce annoyance. Most of the 
research works focused on annoyance induced by transportation noise. Some researchers 
(Öhrström, 2004) also reported the significant effects of step change in road traffic noise exposure 
on annoyance in longitudinal studies. Exposure-response relationships between traffic noise levels 
and populations of annoyed and highly annoyed were developed (European Communities, 2002; 
Klæboe et al, 2004).  
 
Although exposure-response curves for environmental noise exposure and noise annoyance had 
been established in an attempt to quantify such non-auditory effects, further study on the 
quantitative correlation between noise exposure and annoyance is still required due to the difference 
in measurement methods (questions and rating scales) and the presence of various and complex 
non-acoustical factors affecting the annoyance of subjects (e.g. socio-economic status, noise 
sensitivity, window opening and façade insulation) in these meta-analyses. A lot more works in these 
areas are necessary to unveil more on the relationship between these parameters. 
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Table  7-1 Summary of literature review studies on environmental noise induced annoyance (7 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
008 
Berry B F, Porter N. 2004. 
DEFRA Ref. NANR 5 

Review and analysis of 
published research into the 
adverse effects of industrial 
noise, in support of the 
revision of planning 
guidance 
(UK) 

A Studies on adverse 
effects of industrial 
noise 

Not Applicable 
 

Not Applicable No threshold value 
presented 

 Compared to the number of surveys of the effects of 
transportation noise – aircraft, road traffic and railways – far 
fewer surveys have been conducted into industrial noise 

 Of the small number that have been done, only those 
conducted in the last 5 to 10 years are anywhere near suitable 
for inter-comparisons in order to identify trends, and to attempt 
to combine in terms of an exposure-response curve. Even 
when such comparisons are made, the results are not clear-cut 

 There is no strong evidence that industrial noise produces 
higher annoyance response than transportation noise 

 None of the annoyance studies reported so far has involved 
“changes” in the industrial noise environment 

 It has been generally found that an acoustic feature (impulse or 
tone) in a noise complex can increase the annoyance when 
compared to response to the same noise without that feature 
present 

 The extent of an adverse response to noise is clearly 
influenced by numerous non-acoustic factors. It has been 
reported that attitudinal variables and fear and noise sensitivity 
are important effects on response. It may be that due to these 
non-acoustic factors, the use of any exposure-response 
relationship is limited 

 No models have been developed which are specific to the issue 
of industrial noise. There is considerable scope for further work 
to explore this issue of models, to help to fully describe 
response to industrial noise 

011 
Brown A L, Van Kamp I. 
2005. The 2005 Congress 
and Exposition on Noise 
Control Engineering. Rio de 
Janeiro, Brazil 

Towards a design for 
studies of response to a 
change in noise 
(Australia/Europe)  

A 76 research studies on 
responses 
(dissatisfaction, 
annoyance, nuisance 
and interference/ 
disturbance) on step 
or sudden changes in 
transport (road, air, 
rail) noise exposure 

Not Applicable Not Applicable No threshold value 
presented 

 Overreaction to a step-change in transport noise may occur, 
and this effect may not attenuate over time 

 Evidence is still inconclusive, and based on limited studies that 
tend not to be comparable in terms of method, size, design and 
context 

 A wide range of observations have been reported: 
o An increment or decrement in noise dose resulted in 

unexpectedly large changes (increase or decrease 
respectively) in noise response. This type of result is 
termed overreaction; 

o As above, but there was evidence of adaptation in this 
response in the short-term following the change; 

o As above, but there was no evidence of adaptation in this 
response, even in the long-term following the change; 

o Increments or decrements in noise dose did not result in 
unexpectedly large changes in noise response (no 
overreaction); 



Environmental Protection Department   
Tender No. NP03-055 
Additional Work for A Comparative Study of Noise Levels in Hong Kong 

Scott Wilson Ltd 
 

November 2007 
 

 

 
  Final Report 58 

 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
o Considerable reduction in noise dose resulted in a very 

small reduction in noise response; 
o Noise response associated with the expectation of 

change was greater than the actual response when the 
change did occur 

 Most explanations given in the literature for an overreaction 
were only partly supported, in some cases not at all, and 
generally there was conflicting evidence for them. There was still 
no accepted view on the mechanism by which annoyance 
changes in response to a change in exposure 

 A broad model for the design of future studies was proposed for 
measuring long-term effects of step changes in noise exposure.  

 Longitudinal studies should be required. The change in noise 
level should be measured continuously before and after the 
change. Effects should, as a minimum, be measured at least 
twice but preferably repeatedly. Time series measurements are 
also required of activity (behavioural) effects, noise sensitivity, 
coping strategies, and a range of attitudes and retrospective, 
and prospective assessments 

015 
enHealth Council, 2004 

The health effects of 
environmental noise – 
other than hearing loss 
(Australia) 

A Research studies on 
relationship between 
annoyance and noise 
exposure 

Not Applicable 
 

Not Applicable Not threshold value 
presented 

 In community surveys of both traffic and aircraft noise studies, 
noise levels have been found to be associated with annoyance 
in an exposure-response relationship such that in general, high 
level of intensity of noise are associated with higher annoyance 
levels 

 In some studies it was found that regardless of the traffic mode 
studied (aircraft, road, railway), the percentage of highly 
annoyed individuals begins to increase above a level of 42 dB 
Ldn 

 As many community annoyance surveys have been conducted 
in areas with stable noise environments, the results of these 
surveys may prove less useful in predicting community 
annoyance in changing noise environments. Further 
annoyance studies may be required in areas undergoing 
changes in the noise environment 

 Research has found the following general characteristics of 
noise, which generates more annoyance: 
o Increasing intensity generates increasing annoyance 
o Higher frequencies are more annoying than low 

frequencies 
o Intermittent, irregular, tonal, pulse or rhythmic noise 

generates more annoyance than steady noise of the 
same intensity 

 The actual noise level itself has been found to explain 10 to 25 
percent of an individual reaction to noise. Individual reactions 
depend on characteristics of the noise, the noise source and 
the individual’s attitude to the noise and noise source.  
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
 Other important predictors of annoyance include noise 

sensitivity, predictability and controllability of noise, general 
dislike of the environment and feeling of misfeasance, 
expectation of good environmental conditions, which is related 
to socioeconomic position 

 Further research could include: 
o A national survey to monitor noise reaction in the 

population in relation to changing exposures 
o Longitudinal studies examining the effects of new noise 

exposures on annoyance, change in noise exposure on 
change in annoyance, and strategies to reduce noise on 
health 

028 
Hollander A E M, Van 
Kempen E E M M, Staatsen 
B A M. 2004. Death, DALYs 
or Dollars? Pp. 139-162 

Community noise burden 
of disease: an impossible 
choice of endpoints? 
(Europe) 

A Research studies on 
noise exposure and 
noise annoyance 

Not Applicable Not Applicable People started 
reporting severe 
annoyance at Ldn 
values of around 42 
dB(A), annoyance at 
37 dB(A), measured 
at the front of 
dwellings 

 The degree of annoyance provoked by noise exposure 
depends on several characteristics, such as sound level, 
spectral characteristics and variations with time of the day or 
season 

 Annoyance also depends on non-acoustical and cognitive 
factors. Noise exposure explains only 25-30% of observed 
variance in annoyance reports. These may be endogenous, 
such as age, psychological status, individual noise sensitivity, 
fear with respect to the source, perceived control over the 
situation, perceived economic or societal advantages of noise 
generating activity, or exogenous, such as poor housing, or 
other environmental exposures 

 At increasing levels annoyance increases most with aircraft 
noise, followed by highway traffic noise, normal road traffic and 
railway noise 

032 
Job R F S, Hatfield J. 2003. 
Proceedings of 8th 
International Congress on 
Noise as a Public Health 
Problem. 232-234. 
Rotterdam, Netherlands 

A model of responses to 
changes in noise exposure  
(Australia) 

A Research studies on 
responses to changes 
in noise exposure 

Not Applicable Not Applicable No threshold value 
presented 

 A descriptive approximation model of reaction to changed noise 
exposure was developed 

 Adaptation to changed noise exposure might occur relatively 
quickly, but the effect of this adapted state might long term 

 The times at which the adaptation processes occur will vary 
across individuals, and may begin and/or end gradually 

070 
Van Kempen E E M M, 
Staatsen B, Van Kamp I. 
2005. RIVM Report 
63040001/2005 

Selection and evaluation of 
exposure-effect 
relationships for health 
impact assessment in the 
field of noise and health 
(Netherlands) 

A Studies on 
relationship between 
annoyance level and 
noise exposure  

Not Applicable Not Applicable No threshold value 
presented 

 Based on the results of surveys it has been observed that noise 
exposure explains about 25-30% of the observed variance in 
annoyance. Non-acoustical factors, such as individual noise 
sensitivity, fear with respect to the source, attitude towards the 
source, perceived control over the situation, and perceived 
economic or societal advantages of noise generating activity, 
also play a major role 

 The relationships for the association between noise and 
annoyance derived by Miedema and Oudshoorn (2001) are at 
the moment the best currently available. They were 
recommended for use in the EU Directive on Noise (EU 2002) 
(Article 016)  
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
081 
Ising H, Babisch W, Guski R, 
Kruppa B, and Maschke C. 
Meeting Background Paper. 
WHO technical meeting on 
noise and health indicators. 
Brussels, Belgium. 7-9 April 
2003 

Exposure and Effect 
Indicators of Environmental 
Noise 
(Europe) 

A Studies on noise 
annoyance and noise 
exposure  

Not Applicable Not Applicable Not Applicable  Aircraft noise is more annoying than road traffic noise. Rail 
noise has the lowest effect concerning annoyance 

 Traffic noise is the predominant source of annoyance in 
Germany, leading to a total of 29% highly annoyed persons 

 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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Table  7-2 Summary of meta-analysis studies on environmental noise induced annoyance (6 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
010 
Borst H C, Miedema H M E. 
2005. Acta Acustica United 
with Acustica. 91. Pp. 
378-385 

Comparison of noise 
impact indicators, 
calculated on the basis of 
noise maps of DENL 
(Netherlands) 

M Residents in Leiden, 
Netherlands whose 
road traffic noise 
exposures were 
determined by noise 
maps 

Effects of quiet façade, 
effect of noise insulation 

Road traffic noise levels 
(DENL) determined by 
noise maps for 4 road 
types: motorways, arterial 
roads (>10,000 veh/24h), 
main streets 
(1,500-10,000 veh/24h) 
and residential streets 
(<1,500 veh/24h);  
 
Abatement strategies: 1 
dB emission reduction for 
all roads, which reduces 
the noise exposure for 
each dwelling by 1dB; 
reduction of noise levels 
by 10 dB at dwellings with 
noise exposure 
exceeding 65 dB  
 
Outcome variables: 
Number of people being 
highly annoyed (nHA), 
annoyed (nA), little 
annoyed (nLA) and the 
sum of the annoyance 
scores (tEA) determined 
by the 
exposure-response 
curves for road noise; 
Noise quality indicators 
calculated by dividing nHA, 
nA, nLA, and tEA by the 
number of people in the 
community (N) and 
multiply by 100 except for 
EA: 
pHA = nHA/N*100 
pA = nA/N*100 
pLA = nLA/N*100 
mEA = tEA/N 

No threshold value 
presented 

 Large part of the population in Leiden had a noise exposure due 
to road traffic noise between 40 and 55 dB. The median noise 
exposure was 50 dB and 7% of the population had a noise 
exposure higher than 65 dB 

 Noise annoyance indicators (pHA, pA, pLA and mEA) would 
generally give consistent descriptions of the effectiveness of 
abatement strategies. A noise reduction of 1 dB was most 
effective to reduce noise annoyance when it was applied on 
arterial roads. 

 Taking only noise exposures with DENL  55 dB into account, as 
suggested by the EU Directive on environmental noise, would 
lead to a large underestimation of the noise annoyance 
indicators, varying from 32% for the percentage highly annoyed 
(pHA) to 48% for the percentage little annoyed (pLA) 

 The approach described, in which the effect of noise emission 
reduction is calculated per road type, could be further elaborated 
by incorporating cost estimates to calculate the 
cost-effectiveness of noise abatement per road or road segment 

016 
European Communities, 
2002 

Position paper on dose 
response relationships 
between transportation 

M Research studies on 
relationship between 
traffic noise exposure 

Not Applicable Not Applicable No threshold value 
presented 

 The relationships for the estimation of noise annoyance 
(percentage annoyed (%A) and percentage highly annoyed 
(%HA)) of adults on the basis of long time stable traffic noise 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
noise and annoyance 
(Europe) 
 

and annoyance exposure of dwellings were established: 
 

Aircraft:  
%A=8.588*10-6(Lden-37)3+1.777*10-2(Lden-37)2+1.221(Lden-37); 
Road: 
 %A=1.795*10-4(Lden-37)3+2.110*10-2(Lden-37)2+0.5353(Lden-37); 
Railway: 
%A=4.538*10-4(Lden-37)3+9.482*10-2(Lden-37)2+0.2129(Lden-37); 
 
Aircraft: 
%HA=-9.199*10-5(Lden-42)3+3.932*10-2(Lden-42)2+0.2939(Lden-42); 
Road: 
%HA=9.868*10-4(Lden-42)3-1.436*10-2(Lden-42)2+0.5118(Lden-42); 
Railway: 
%HA=7.239*10-4(Lden-42)3-7.851*10-3(Lden-42)2+0.1695(Lden-42); 
 

 The exposure-response curves are only to be used for aircraft, 
road traffic and railway noise and for assessment of long term 
stable situations for adults only 

 The exposure-response curves can be used in target setting, in 
translating noise maps into overviews of numbers of persons 
annoyed (or highly annoyed, etc), in cost benefit analysis and 
Environmental Health Impact Assessment 

 Substantial deviations from the predicted percentage annoyed 
persons must be expected for limited groups at individual sites 
because random factors, individual and local circumstances and 
study characteristics affect the noise annoyance 

037 
Klæboe R, Amundsen A H, 
Fyhri A, Solerg S. 2004. 
Applied Acoustics. 65. Pp. 
893-912 

Road traffic noise – the 
relationship between 
noise exposure and noise 
annoyance in Norway 
(Norway) 

M 5 Norwegian 
socio-acoustic 
studies featuring 18 
study areas from two 
cities (Oslo and 
Drammen) with 3,957 
respondents 
available for analysis 
of exposure-response 
relationships between 
road traffic noise and 
road traffic outdoor 
annoyance, and 
3,985 for analysis of 
indoor annoyance 

Controlled during 
statistical analysis: age, 
noise sensitivity 
 
Excluded before study: 
gender, having young 
children, marital status, 
education level, 

Outdoor traffic noise 
exposure (Lden), window 
type (single glazing; 
double glazing) 
 
Outcome variables: 
Road traffic noise 
annoyance when right 
outdoors, road traffic 
noise annoyance when 
indoors 

No threshold value 
presented 

 People were less annoyed indoors than when right outside their 
apartment 

 An estimated 50% of the respondents found road traffic noise 
highly annoying at 70 dB, 50% at least somewhat annoying at 58 
dB and 50% not hear the noise at 46 dB when they were outdoors 

 As estimated 50% of the respondents found road traffic noise 
highly annoying at 76 dB, 50% at least somewhat annoying at 62 
dB and 50% not hear the noise at 55 dB when they were indoors 

 When compared with other international studies, it was found that 
Norwegians react stronger to road traffic noise. Therefore, 
applying the international exposure-response results to 
Norwegian exposure data might imply that the level of noise 
annoyance in the population would be underestimated 

 Quality of window insulation properties were found to affect 
annoyance level indoors. Apartments having single glazing in one 
or both or the rooms had an indoor annoyance level comparable 
to residents exposed to 2.5-3 dB higher noise levels and normal 
double-layer glazing 

042 
Miedema H M E, Vos H. 
2003. Journal of Acoustical 

Noise sensitivity and 
reactions to noise and 
other environmental 

 M 28 combined 
datasets (N = 23,038) 
and a large aircraft 

Not Applicable Noise exposure: DNL 
(DNL=10lg[(15/24)*10LD/10 

+ (9/24)*10(LN+10)/10]  

No threshold value 
presented 

 Noise sensitivity has at most a very weak (positive) relationship 
with noise exposure, which cannot explain the strong influence of 
noise sensitivity on effects such as noise annoyance 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
Society of America. 113.  
Pp. 1492-1504 

conditions 
(Europe) 

noise study (N = 
10,939) on noise 
exposure, noise 
annoyance and noise 
sensitivity 

LD=LAeq,7-22h;  
LN=LAeq,22-7h) 
Gender, age 
 
Outcome variables: 
Noise annoyance scores 
translated into a scale 
ranging from 0 to 100 

 Noise sensitivity alters the effect of noise exposure on noise 
annoyance, and does not only have an additive effect. The 
relation of the annoyance score with the noise exposure is 
relatively for non-sensitives while it is steeper for sensitives 

043 
Miedema H M E, Field J M, 
Vos H. 2005. Journal of 
Acoustical Society of 
America. 117. Pp. 
2853-2865 

Effect of season and 
meteorological conditions 
on community 
(Europe) 

M >80,000 residents’ 
responses to 
transportation noise 
from 42 studies from 
two data sources: the 
Netherlands 
Continuous Life 
Information Survey, 
which provides 
measures of the 
Netherlands’ 
population’s reactions 
to community noise 
for 84 months; and 
the TNO archive data, 
which consists of the 
original social survey 
and acoustical data 
from 41 
cross-sectional noise 
surveys 

Noise types (aircraft, 
road traffic, railway); 
social survey data 
collection methods 

Different seasons, 
meteorological variables 
(temperature, sunshine, 
wind speed and 
precipitation), the period 
of integration for 
meteorological 
experiences 
 
Outcome variables: 
Self-reported noise 
annoyance 
 

No threshold value 
presented 

 Respondents were found to have higher annoyance in the 
summer season 

 Increasing temperature, a variable that is closely related with the 
amount of sunshine, was consistently associated with increased 
annoyance. A 15oC difference in temperature had about the same 
effect on noise annoyance as did a 1- and 3-dB difference in 
noise exposure 

 There were some weaker indications that increased wind speed 
and precipitation might decrease annoyance 

 The results were consistent with the hypothesis that variations in 
window opening behaviour and out-of-doors area usage 
behaviour were related to seasonal meteorological conditions 
that affected personal noise exposure that in turn affected noise 
annoyance 

 The possibility of seasonal effects suggested that previous 
studies’ estimates of long-term noise annoyance reactions might 
have been affected by the time of year when residents were 
interviewed 

072 
Niemann H, Maschke C. 
2004. WHO Large Analysis 
and Review of European 
housing and health Status 
(LARES) Final Report  

Noise effects and 
morbidity 
(Europe) 

M 8 European studies 
on health effects of 
noise  

Noise sensitivity, 
occupational noise 
exposure, family history, 
air pollution 
 
Controlled during 
statistical analysis: age, 
gender, socio-economic 
state, consumption of 
alcohol, smoking 
behaviour, sports, body 
mass index, dampness 
in dwelling, air quality in 
dwelling, winter 
temperature in dwelling, 
daylight in dwelling, 
green areas, satisfaction 
with residential areas, 

General traffic noise 
annoyance and 
neighbourhood noise 
annoyance with 3-graded 
scales: not at all, 
moderately and strongly 
 
Outcome variables: 
Diagnosis of chronic 
diseases or symptoms: 
allergy, arthritic 
symptoms, asthma, 
bronchitis, cardiovascular 
symptoms, depression, 
diabetes, gastric ulcer, 
heart attack, 
hypertension, malignant 
tumour, migraine 

No threshold value 
presented 

 The evaluation of the effect of moderate annoyance by general 
traffic noise showed for asthma, diabetes, and migraine slight but 
significantly elevated disease risk for adults 

 The evaluation of the effect of strong annoyance by general traffic 
noise revealed elevated risks for allergy, bronchitis, depression, 
hypertension, migraine, and arthritic, cardiovascular and 
respiratory symptoms for adults 

 The risk pattern for neighbourhood noise annoyance was nearly 
the same as for traffic noise 

 Elderly people with strong annoyance responded less than adults 
with the exception of stroke 

 With children the effects of noise was primarily in the respiratory 
system 

 The result confirmed the thesis that for chronically strong 
annoyance a causal chain exists between the three steps 
health – strong annoyance – increased morbidity 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
cities, averaged outdoor 
temperature, averaged 
outdoor humidity 

respiratory symptoms, 
SALSA, skin disease, 
stroke 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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Table  7-3 Summary of population-based studies on environmental noise induced annoyance (9 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
007 
Öhrström E. 2004. Journal of 
Acoustical Society of 
America. 115(2). 
Pp.719-729. 

Longitudinal survey on 
effects of changes in road 
traffic noise – annoyance, 
activity disturbances, and 
psycho-social well-being 
(Sweden) 

L Residents along 
Västra Bäckevägen, 
Sweden. 142 
respondents (50 in the 
exposed area and 92 
in the control area) in 
1997 study; 120 
respondents (45 in the 
exposed area and 75 
in the control area) in 
1999 follow-up study 
when the road traffic 
was reduced from 
25,000 to 2,400 
vehicles per day due 
to the opening of a 
new tunnel 

Annoyance from exhaust 
fumes and vibrations 
decreased in a similar 
way as annoyance from 
noise; changes in the 
appearance of the area 
and the improved overall 
satisfaction with the 
residential area due to 
reconstruction of the road 
accompanied by tree 
plantations 

Noise levels at the most 
exposed façade: LAeq,24h 
56-69 dB in exposed area 
in 1997, 40-52 in control 
area in 1997, 44-57 in 
exposed area in 1999, 
39-48 in control in 1999 
 
Outcome variables: 
Noise annoyance 
determined by 
questionnaire with 
5-graded verbal scale and 
11-point numerical scale 
according to ISO/TS 
15666 

No threshold value 
presented 

 There was a decrease in outdoor LAeq,24h levels of 10-14 dB 
in the exposed area in 1999 after the reduction in road traffic 

 Noise was most annoying between 6:00 and 8:00 am and 
between 12:00 pm and 6:00 pm 

 There was a highly significant decrease in the exposed area 
in the percentage of very annoyed (from 58% to 6.7%) 

 The correlation in 1997 based on individual data in both 
areas between noise annoyance and LAeq,24h levels at the 
most exposed façade was highly significant. In 1999 a very 
low correlation was found due to the small variation in 
individual data both for noise levels and for annoyance 

 A significant decrease in annoyance was also seen (13% to 
1% for rather or very annoyed) in the control area despite of 
the relatively unchanged noise level in LAeq,24h. This was 
probably because the residents in the control area had to 
pass through the main road both before and after it was 
rebuilt to a small road to get to their homes and were thus 
very aware of the changes in road traffic 

018 
Rylander R, Björkman M. 
2002. Journal of Sound and 
Vibration. 294(4). Pp. 
828-831 

Road traffic noise 
annoyance and window 
orientation in dwellings 
(Sweden) 

CS 100 individuals from 
each of 8 areas in 
Gothenburg, Sweden, 
aged 18-65 and 
having lived in the 
area for over 1 year 

Socio-economic 
conditions, number of 
persons in the household, 
habits regarding off-work 
activities, ability to retire 
to a quiet part of dwelling 
for sleep or rest 

Average noise level 
against the façade of 
building one story above 
the street level in each 
area: 60 – 71 dB(A) 
LAeq,24h; dwellings with 
rooms facing the street 
only (SO) and dwellings 
also with rooms facing the 
quiet side of the building 
 
Outcome variables: 
Traffic noise annoyance 
determined by 
questionnaire with 
3-graded verbal scale (a 
little annoyed, rather 
annoyed, very annoyed) 

No threshold value 
presented 

 The extent of annoyance was generally higher among 
persons living in SO dwellings. The average difference in 
percentage of persons reporting “very annoyed” by traffic 
noise between the two types of dwellings within the same 
area was 13.6% 

 The difference in the extent of annoyance between SO and 
QS locations were not related to the average exposure level 
in each area 

 The study suggested that planning of dwelling layouts is 
important for minimizing the extent of annoyance caused by 
road traffic noise. Noise-abatement programs in built-up 
areas must include control of the planning of dwellings and 
not only to reduce noise levels 

Weakness: 
 Noise measurement not conducted directly outside the 

façade of subjects’ dwellings 

060 
Sato T, Yano T, Björkman M, 
Rylander R. 2002. Journal of 
Sound and Vibration. 250. 
Pp. 161-167 

Comparison of community 
response to road traffic 
noise in Japan and 
Sweden – Part I: outline of 
surveys and 
exposure-response 
relationships 

CS 1,142 residents in 
Gothenburg, Sweden, 
837 in Kumamoto and 
780 in Sapporo, Japan 
who lived in typical 
residential areas with 
both detached house 

None Identified Culture, lifestyle, house 
structures (detached 
houses/ department 
houses), traffic exhaust, 
noise exposure level 
ranged between 46.2 and 
82.3 dB(A) LAeq,24h 

No threshold value 
presented 

 People living in detached houses were more annoyed by 
house vibration caused by road traffic than people living in 
apartment houses. This difference might be explained by a 
difference in house structures 

 There were no systematic differences between community 
responses in Sapporo and Kumamoto, which had the same 
culture 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
(Sweden/Japan) and department 

houses facing roads 
 
Outcome variables: 
Self-reported road traffic 
noise annoyance 
determined by 
questionnaire with 
5-graded verbal scale 

 People living in detached houses in Gothenburg were more 
annoyed by the same road traffic noise than people living in 
Japanese cities 

 There were no systematic differences among the three 
cities with regard to activity disturbances indoors, but a 
significant disturbance to activities and resting in gardens or 
on balconies was found in Gothenburg. This was due to the 
difference in lifestyles between two countries 

061 
Sato T, Yano T, Björkman M, 
Rylander R. 2002. Journal of 
Sound and Vibration. 250. 
Pp. 169-174 

Comparison of community 
response to road traffic 
noise in Japan and 
Sweden – Part II: path 
analysis (Sweden/Japan) 

CS 1,142 residents in 
Gothenburg, Sweden, 
837 in Kumamoto and 
780 in Sapporo, Japan 
who lived in typical 
residential areas with 
both detached house 
and department 
houses facing roads 

None identified Culture, lifestyle, house 
structures (detached 
houses/ department 
houses), traffic exhaust, 
noise exposure level 
ranged between 46.2 and 
82.3 dB(A) LAeq,24h 
 
Outcome variables: 
Self-reported road traffic 
noise annoyance 
determined by 
questionnaire with 
5-graded verbal scale 

No threshold value 
presented 

 Annoyance caused by exhaust had the strongest positive 
relation with noise annoyance 

 In Kumamoto and Sapporo, activity disturbance indoors, 
such as disturbance in listening to TV/radio, significantly 
affected noise annoyance, especially in apartment houses, 
while activity or rest disturbance in gardens or on balconies 
had a stronger effect in detached houses in Gothenburg. 
This might be due to the different customs in Japan and 
Sweden, such as spending a great deal of time in well 
air-conditioned rooms in Japan, while people enjoy the 
outdoors in gardens or on balconies in Sweden 

 The above differences suggested that cultural differences 
and housing types must be considered when proposing 
effective noise count-measures 

073 
Wallenius M A. 2004. Journal 
of Environmental 
Psychology. 24. Pp.167-177 

The interaction of noise 
stress and personal project 
stress on subjective health 
(Finland) 

CS 147 participants (105 
females, 42 males) 
aged 20-70 living in 
the metropolitan area 
of Finland 

Ruled out before study: 
chronic illnesses 

Indoor noise level: LAeq 
<55 dB (control group), > 
55 (exposed group); 
self-reported noise 
annoyance determined by 
questionnaire with 
11-point numerical scale; 
self-reported life 
disturbance; age; gender 
 
Outcome variables: 
Personal project stress, 
subjective general health 
status, somatic 
symptoms, neuroticism 

No threshold values 
presented 

 To evaluate personal project stress, subjects were asked to 
describe their current personal projects in response to the 
follow instruction: “People have many kinds of things that 
they think about, hope and accomplish. We call them 
personal projects. Projects may be related to any life 
domain, such as work or human relations. Thins about what 
kind of projects you have in your life at the moment. Rate 
each of your projects according to how stressing you find it.” 

 At higher level of personal project stress there was a 
stronger positive relation between noise stress variables 
(noise annoyance, disturbed daily activities) and somatic 
symptoms or general health 

079 
Michaud D S, Keith S E, 
McMurchy D. 2005. Noise 
and Health.  7(27). Pp. 39-47 

Noise annoyance in 
Canada  
(Canada) 

CS Randomized sample 
of 2,565 Canadians 
aged 15 and older 
participating in a 
telephone survey 

None identified Noise type, age, 
community size, 
education, sex 
 
Outcome variables: 
Self-reported noise 
annoyance determined by 
questionnaire with 
5-graded verbal scale and 

No threshold value 
presented 

 8% of the sample indicated that they were either very or 
extremely annoyed by noise outside their home, whereas 
49% of the respondents were not at all bothered 

 People 65 and over were the least likely to be annoyed by 
noise 

 The larger the community size, the more likely the 
respondents were to be very or extremely disturbed by 
noise 

 Females were more likely to respond that they were slightly 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
11-point numerical scale 
according to ISO/TS 
15666 

to extremely annoyed by noise compared to males 
 Respondents with greater than secondary education were 

the least likely to respond that they were slightly or not at all 
annoyed by noise compared to those with a secondary or 
less then secondary education 

 It was apparent that traffic noise was the most significant 
source of noise annoyance in Canada 

Weaknesses: 
 No noise exposure level was measured 
 Selection bias might present: people less annoyed by noise 

might tend to not respond to the survey 
082 
Issarayangyun T, Black J, 
Black D, Samuels S. 2005. 
Journal of the Eastern Asia 
Society for Transportation 
Studies. 6. Pp. 3293 – 3308 

Aircraft noise and methods 
for the study of community 
health and well-being 
(Australia) 

CS Exposed group: 372 
subjects living around 
the Sydney (Kingsford 
Smith) Airport with the 
number of aircraft 
noise events that are 
louder than 70 dB(A) 
(N70) of greater than 
50;  
Control group: 332 
subjects living in the 
suburb of South 
Penrith approximately 
55 km from Sydney 
Airport 

Employment status, 
exercise activities, 
smoking habits, alcoholic 
consumption, nutrition, 
demographic 
characteristic, acoustic 
insulation, smoking 
status of other member of 
house, duration of living 
in the house 

Aircraft noise exposure as 
Noise Gap Index (NGI) 
ranged 0.54 – 13.87 
dB(A):  
NGI = LAAeq,7am-6pm – 
LBAeq,7am-6pm 

where 
LAAeq,7am-6pm  = A-weighted 
sound pressure levels of 
aircraft noise at each 
noise station 
LBAeq,7am-6pm = A-weighted 
sound pressure level of 
the background noise 
levels 
 
Outcome variables: 
Self-reported health 
related quality of life, 
noise stress, noise 
sensitivity, aircraft and 
road traffic noise 
annoyances determined 
by questionnaire 
(questions and scales not 
clearly presented) 

No threshold value 
presented 

 People living in high and medium background environmental 
noise areas were more likely to be annoyed by the same 
aircraft noise exposure level than people living in low 
background environmental noise areas 

Weakness: 
 Questions and scales for measuring noise annoyance and 

other self-reported parameters not clearly presented 

088 
Sobotová L, Jurkovi ová J, 
Štefániková Z, Šev iková L, 
Ághová L. 2003. Sixth 
International Symposium & 
Exhibition on Environmental 
Contamination in Central & 
Eastern Europe and the 
Commonwealth of 

Non-auditory health risks of 
road traffic noise and 
community noise 
annoyance 
(Slovak Republic)  

CS 465 university 
students, 220 living at 
the dormitory (exposed 
group) and 245 in the 
residential areas 
where other students 
lived (control group) 

Controlled in statistical 
analysis: smoking, 
gender, body mass index 

Road traffic noise: 67± 2 
dB(A) LAeq vs 58.7± 6 
dB(A) LAeq (exposed vs 
control area) 
 
Outcome variables: 
Noise annoyance and 
psychosocial noise 
effects (annoyance verbal 

No threshold value 
presented 

 Students in the exposed group were significantly more 
annoyed by road traffic noise and their risks of interference 
with various activities were significantly higher 

Weakness: 
 Highly selected subjects 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
Independent States, 1-4 
September 2003, Prague, 
Czech Republic 

scale, interference with 
various activities) 
determined by 
questionnaire, diastolic 
and systolic blood 
pressure, cardiovascular 
risk score 

090 
, , . 

2003. . 
3(1). Pp. 93-94 

7
 

(China) 

CS 270 residents near the 
railway as exposed 
group; 196 residents 
far from railway and 
major road traffic as 
control group. All aged 
between 19-65 

None Identified Railway noise exposure 
in exposed group 
(day-time: 63.1 – 78.3 
dB(A) LAeq,1h; nighttime: 
59.2 – 79.5 dB(A) LAeq,1h) 
and environmental noise 
exposure in control group 
(day-time: 44.6 – 51.5 
dB(A) LAeq,1h; nighttime: 
40.2 – 47.3 dB(A) LAeq,1h) 
 
Outcome variables: 
Subjective noise 
annoyance determined by 
questionnaire (questions 
and scales not clearly 
presented) 

No threshold value 
presented 

 Percentage of persons highly annoyed in exposed group by 
noise was significantly higher than that in control group 

Weaknesses: 
 Questions and scales for noise annoyance not clearly 
presented 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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8. NOISE AND MENTAL HEALTH 
 
8.1 Mental health – 12 articles 
 

Mental disorder is defined as “the existence of a clinically recognizable set of symptoms or 
behaviour associated in most cases with distress and with interference with personal functions” 
(enHealth Council, 2004). Examples of mental illnesses include depression, anxiety disorder, 
antisocial behaviour, etc. Twelve studies on noise and mental health were reviewed, three of 
which were literature reviews and nine were cross-sectional studies or community trials. No 
conclusive findings on the association between noise exposure and mental health could be 
obtained from these works. Major findings of these studies are summarized in Table 8.1. 

 
8.2 Noise and mental health 
 

Two cross-sectional studies were performed to determine the mental health effects of aircraft on 
populations living around military airfields or airports (Miyakita et al, 2002; Hiramatsu et al, 2002; 
Issarayangyun et al, 2005) and all reported positive correlations between noise exposure and 
mental illnesses. In a Japanese study (Miyakita et al, 2002; Hiramatsu et al, 2002), aircraft noise 
measurements around Kadena and Futenma airfields were undertaken by Okinawa Prefecture 
and some municipalities from 1978 to 1996. Mental health of the residents around the airfields 
was examined by questionnaire with a sample size of 8,084. After adjusting for age, gender and 
occupation, residents around Kadena Air Base and Futenma Air Station with aircraft noise levels 
ranging from 55 to over 70 dB(A) Ldn were reported to have higher probability of suffering from 
mental instability, depression and nervousness. However, some researchers have raised doubts 
about the accuracy of the noise exposure data used in these studies (Bernard F Berry, personal 
communication). It was pointed out that the reporting of the continuing noise measurement 
program, which was conducted by “the prefectural government and the municipalities around the 
airfields”, was considerably lacking in detail. Therefore, it was indicated that the noise 
measurements and the evidence for the effects of aircraft noise on mental health were weak.  
 
In an Australian study (Issarayangyun et al, 2005), the mental health of residents around the 
Sydney Airport with more than 50 aircraft noise events that was louder than 70 dB(A) per day were 
studied by questionnaire survey. It was found that the mental health of these subjects was 
significantly worse than those in the control group, who lived in the suburb of the South Penrith 
located in the western suburbs of Sydney (approximately 55km from Sydney Airport). However, 
potential factors such as employment status, smoking and drinking habits, acoustic insulation, etc, 
were not considered in this Study. In addition, in all of these studies the measures for mental 
health were generally subjective, e.g. subjective symptoms including aggression, depression and 
irritability. Personal responses to the perception of health questions would have variations among 
the interviewees, so it was difficult to define and describe the factual feeling by choosing among 
the pre-set options, and hence the results tended to be not clear-cut. This implies that the results 
could not clearly reflect the effects of aircraft noise exposure on mental health.  
 
Two other cross-sectional studies investigated community noise and children’s mental health. In a 
study conducted by Lercher et al (2002), 1,280 children from 26 local schools in a town in Austria 
were studied and the noise exposure ranged between 31 and 81 dB(A) Ldn. Other factors such as 
parents’ education, house type, household density, gender, early biological risk, i.e. low birth 
weight, were also analyzed. The authors reported that noise exposure had significant and 
negative effects on mental health of those with early biological risk, whereas children without this 
risk were unaffected by noise exposure. They concluded that children who had a low birth weight 
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or were born preterm might be more vulnerable to mental health consequences of exposure to 
ambient noise. Another study conducted by Ristovska et al (2004) concerned children’s 
psychosocial effects of community noise. In that study, 266 school children exposed to community 
noise of over 55 dB(A) LAeq,8h measured in schoolyards were compared with 263 school children 
with noise exposure lower than 55 dB(A). It was indicated that decreased social adaptability and 
increased opposing behaviour were significantly higher in children in the exposed group. The 
authors concluded that noise exposure would act as an environmental stress factor and cause 
unwanted aversive changes in the affective state and communication problems which could lead 
to social isolation. 
 
Some studies, although suggested positive associations between noise exposure and mental 
health, did not provide strong evidence due to methodological issue. Staykova et al (2003) and 
Tumovska et al (2004) compared the morbidity rates due to mental illnesses of population in an 
area around an airport with those in a control group and reported higher morbidity rates of mental 
illnesses in the exposed groups.  However, in these studies no noise exposure of the subjects was 
measured and potential factors such as natural and social environment and differences in level 
and quality of health services provided to people were not controlled. 

 
8.3 Noise sensitivity and neuroticism 
 

Noise sensitive people pay more attention to noise, discriminate more between noises, find noise 
more threatening, out of their control and reaction and adapt to noise more slowly than less noise 
sensitive people. It was suggested that neuroticism of persons was positively correlated with 
subjective noise sensitivity and was independent of noise exposure (enHealth Council, 2004; 
Belojevic et al, 2003). However, some studies also reported contradictory results. 
Henionen-Guzejev et al (2004) found that after adjustment for hypertension, emphysema, stress, 
hostility, use of psychotropic drugs, and lifetime noise exposure, the relationship between noise 
sensitivity and neuroticism became significant. 

 
8.4 Conclusions 
 

Most of the studies on noise exposure and mental health found focused on aircraft noise and 
school children only and their results were inconsistent. The relationship between noise exposure 
and mental health was unclear. Different measures of mental health were used in different studies 
and these measures could not clearly and objectively reflect the actual mental conditions of 
subjects. Most studies were cross-sectional and very often potential confounding factors were not 
strictly controlled, and therefore no association between noise exposure and prevalence of mental 
health could be observed. In some works, accuracy of noise exposure data and validity of mental 
health assessment methodology were in doubt. 
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Table  8-1 Summary of studies on environmental noise and metal health (12 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
015 
enHealth Council. 2004 

The health effects of 
environmental noise - 
other than hearing loss 
(Australia) 

A Research studies on 
noise exposure and 
mental health 

Not Applicable Not Applicable Not Applicable  The relationship between noise exposure and mental 
health remains unclear. Although there is reasonable 
evidence that noise exposure can result in 
psychological symptoms, there is no good evidence 
that it is responsible for serious mental ill-health 

 Sensitivity to noise and annoyance from noise is 
possibly related to certain types of mental disorders 
such as depression. But the nature of that relationship 
is not clear and the question remains whether 
pre-existing mental disorders result in a greater 
sensitivity to annoyance, an inability to habituate to 
noise or whether excessive noise exposure 
exacerbates latent neuroses 

036 
King R P, Davis J R. 2003. 
International Journal of 
Hygiene and Environmental 
Health. 206. Pp. 123-131 

Community noise: health 
effects and management  
(UK/US) 

A Research studies on 
noise effects on 
health 

Not Applicable Not Applicable No threshold value 
presented 

 Specific mental diseases that can be precipitated by 
noise include anti-social behaviour, psychosis, 
hysteria, depression, anxiety disorders and withdrawal 

 Evidence that noise causes these illnesses is lacking. 
Few large-scale studies have been performed and 
most show only a weak association between 
environmental noise and the development of 
psychiatric disorders 

040 
Lercher P, Evans G W, Meis 
M, Kofler W W. 2002. 
Occupational and 
Environmental Medicine. 59. 
Pp. 380-386 
 

Ambient neighbourhood 
noise and children’s 
mental health  
(Austria) 

CS 1,280 children aged 
8-11 from 26 local 
schools in the lower 
Inn Valley of Tyrol, 
Austria 

None Identified Ambient noise exposure: 
range 31 – 81 dB(A) Ldn 
obtained by modelling 
Parents’ education, house 
type, household density, sex, 
early biological risk (low birth 
weight) 
 
Outcome variables: 
Index of psychological health 
obtained by questionnaire, 
standard index of school 
behaviour obtained by 
questionnaire to teachers 

No threshold value 
presented  

 While higher education of parents was associated with 
better psychological health, all the other variables 
(household density, apartment block housing versus 
single detached housing, male sex) showed a 
negative impact on children’s psychological health 

 Noise exposure (adjusted for maternal education, sex, 
number of persons in household, and house type) had 
significant and negative effects on mental health of 
those with early biological risk, whereas children 
without this risk seemed unaffected by noise exposure 

 There was decrease in teacher ratings on school 
behaviour with increasing ambient noise 

 The data indicated that children who had a low birth 
weight or were born preterm may be more vulnerable 
to the adverse mental health consequences of 
exposure to ambient noise 

044  
Miyakita T, Matsui T, Ito A, 
Tokuyama T, Hiramatsu K, 
Osada Y, Yamamoto T. 2002. 
Journal of Sound and 
Vibration. 250(1). Pp.129-137 

Population-based 
questionnaire survey on 
health effects of aircraft 
noise on residents living 
around U.S. airfields in 
the Ryukyus-Part I: an 

CS  4,840 residents 
around Kadena Air 
Base, 2,231 around 
Futenma Air Station, 
1,031 in the Shimajiri 
district as the control 

Controlled during statistical 
analysis: age, sex, 
occupation, interaction of 
age and sex 

Ldn ranging from below 55 to 
over 70 dB 
 
Outcome variables: 
Self reported irritability, 
mental instability, depression, 

No threshold value 
presented 

 There were significant correlations between noise 
levels and mental instability, depression and 
nervousness 

 Prolonged and repeated exposure to aircraft noise 
may adversely affect the health and well-being of the 
people living around Kadena and Futenma airfields, 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
analysis of 12 scale 
scores 
(Japan) 

group; age: 15-74 
years 

aggression, nervousness, 
irregularity of life 

considering the serious noise exposure level in the 
residential area 

Weaknesses: 
 Detailed information of noise measurement is lacking 
 The assessment of long-term trends for noise 

exposure did not directly compare to results of four 
other major noise measurement programs 

 The well-know reduction of U.S. military forces in 
Okinawa after the Vietnam war, which it is expected 
would have shown a corresponding decrease in noise 
exposure, was ignored 

045 
Hiramatsu K, Matsui T, 
Miyakita T, Ito A, Tokuyama T, 
Osada Y, Yamamoto T. 2002. 
Journal of Sound and 
Vibration. 250(1). Pp.139-144 

Population-based 
questionnaire survey on 
health effects of aircraft 
noise on residents living 
around U.S. airfields in 
the Ryukyus-Part II: an 
analysis of the 
discriminant score and 
the factor score  
(Japan) 

CS 4,840 residents 
around Kadena Air 
Base, 2,231 around 
Futenma Air Station, 
1,031 in the Shimajiri 
district as the control 
group; age: 15-74 
years 

Controlled during statistical 
analysis: age, sex, 
occupation, interaction of 
age and sex 

Ldn ranging from below 55 to 
over 70 dB 
 
Outcome variables: 
Discriminant function (DF) 
values for psychosomatic 
disorder and neurosis (The 
larger the DF values, the 
greater the probability of 
disease. The zero point of DF 
value is considered to be the 
threshold of identification of 
disease from normal, and 
positive DF value indicates 
that the individual has the 
tendency of psychosomatic 
disorder or neurosis) 

Not threshold value 
presented 

 A clear exposure-response relationship was found 
between the odds ratio of psychosomatic disorder and 
aircraft noise exposure, and the trend of increase was 
found to be statistically significant 

 For neurosis, the odds ratio was high and significant in 
the area of Ldn 70 dB but that the linear 
exposure-response relationship was not as clear in the 
lower range of noise exposure observed in the area 

 It was apparent that some portion of the residents 
living around the two airfields might manifest some 
kind of mental and somatic symptoms 

Weaknesses: 
 Detailed information of noise measurement is lacking 
 The assessment of long-term trends for noise 

exposure did not directly compare to results of four 
other major noise measurement programs 

 The well-know reduction of U.S. military forces in 
Okinawa after the Vietnam war, which it is expected 
would have shown a corresponding decrease in noise 
exposure, was ignored 

054 
Ristovska G, Gjorgjev D, 
Jordanova N P. 2004. 
Coratian Medical Journal. 
45(4). Pp. 473-476 

Psychosocial effects of 
community noise: Cross 
sectional study of school 
children in urban center 
of Skopje, Macedonia 
(Macedonia) 

CS 266 school children 
(130 male and 136 
female) in urban 
center of Skopje as 
exposed group; 263 
school children (134 
male and 129 female) 
in suburban 
residential area as 
control group 

None Identified Community noise levels on 
specific measurement points 
in residential-administrative- 
market area (> 55 dB(A) 
LAeq,8h) for exposed group and 
in the suburban residential 
area (< 55 dB(A) LAeq,8h for 
control group)   
 
Outcome variables: 
Self-reported anxiety by 
Anxiety test (General Anxiety 
Scale); children’s school 
behaviour rated by teachers 
by Attention Deficit Disorder 

No threshold value 
presented  

 No difference in anxiety could be found between 
children in the exposed group and the control group, 
indicating that chronic noise exposure is not 
subjectively stressful 

 School children in the exposed group had significantly 
decreased attention in comparison with those in the 
control group 

 Decreased social adaptability and increased opposing 
behaviour were significantly higher in children in the 
exposed group. Noise exposure acting like an 
environmental stress factor, caused unwanted 
aversive changes in the affective state and 
communication problems, logically leading to social 
isolation 

 Socioeconomic characteristics of subjects including 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
Questionnaire education and employment of parents and housing did 

not affect mental health of subjects 
076 
Heinonen-Guzejev M, 
Vuorinen H S, 
Mussalo-Rauhamaa H. 2004. 
Archives of Environmental 
Health. 59(8). Pp. 410-417 

Somatic and 
psychological 
characteristics of 
noise-sensitive adults in 
Finland  
(Finland) 

CS 1,355 adults aged 
31-70 in Finland 

Controlled during statistical 
analysis: sex, age 
 
 

Self-reported noise 
sensitivity, chronic illnesses, 
use of psychotropic drugs, 
life time noise exposure 
 
Outcome variables: 
Well-beings, stress, hostility, 
life satisfaction, smoking, 
drinking determined by 
questionnaire 

No threshold value 
presented 

 There was an overall tendency of decrease in noise 
sensitivity with age 

 Noise sensitivity had significant positive relationships 
with life-time noise exposure, stress, neuroticism, 
hostility, former smoking and negative relationships 
with life satisfaction 

 After adjustment for hypertension, emphysema, 
stress, hostility, use of psychotropic drugs, and lifetime 
noise exposure, the relationship between noise 
sensitivity and neuroticism became insignificant 

077 
Belojevic G, Jakovljevic B, 
Slepcevic V. 2003. Noise and 
Health. 6(12). Pp. 3-34 

Noise and mental 
performance: Personality 
attributes and noise 
sensitivity 
(Serbia) 

A Research studies on 
noise and 
neuroticism, 
extroversion and 
subjective noise 
sensitivity 

Not Applicable Not Applicable No threshold values 
presented 

 Subjects who were found on personality to be anxious, 
introverted and somatic responsive, were more 
adversely affected by noise in the vigilance tasks than 
were the better adjusted subjects 

 The personality variable of neuroticism was found to 
be positively correlated with subjective noise 
sensitivity and annoyance during noise exposure 

 Addition unfavourable factor for neurotics are worrying 
and anxiety, which might prevent people coping 
successfully with noise, or some other stressors during 
mental performance 

080 
Wei B, Geng X, Tang F. 2002. 
Journal of Environment and 
Health. 19(2). Pp. 123-124 

Investigation on health 
impact of noise created 
by house decoration in 
residential quarters 
(China) 

CS 149 residents living 
near to houses with 
ongoing house 
decoration, aged 
between 19 and 62  

None Identified Noise level: 79.6 – 104.7 
dB(A) LAeq,10min in decorated 
houses; 70.9 – 76.4 dB(A) in 
next-door houses; 63.4 – 
76.5 dB(A) in neighbouring 
residential building and office 
building 6 – 45 away from the 
decoration noise sources 
 
Outcome variables: 
Self-reported psychological 
symptoms  

No threshold values 
presented 

 Psychological symptoms such as headache, annoyed, 
angry, difficulty in concentration and neuroticism were 
reported. Amongst the interviewees, 134 residents 
were highly annoyed by the decoration noise.  

Weakness: 
 Not a cross-sectional study, no control group was 

identified and studied 

082 
Issarayangyun T, Black J, 
Black D, Samuels S. 2005. 
Journal of the Eastern Asia 
Society for Transportation 
Studies. 6. Pp. 3293 – 3308 

Aircraft noise and 
methods for the study of 
community health and 
well-being  

(Australia) 

CS Exposed group: 372 
subjects living around 
the Sydney 
(Kingsford Smith) 
Airport with the 
number of aircraft 
noise events that are 
louder than 70 dB(A) 
(N70) of greater than 
50;  
Control group: 332 

Employment status, 
exercise activities, smoking 
habits, alcoholic 
consumption, nutrition, 
demographic characteristic, 
acoustic insulation, 
smoking status of other 
member of house, duration 
of living in the house 

Aircraft noise exposure as 
Noise Gap Index (NGI) 
ranged 0.54 – 13.87 dB(A):  
NGI = LAAeq,7am-6pm – 
LBAeq,7am-6pm 

where 
LAAeq,7am-6pm  = A-weighted 
sound pressure levels of 
aircraft noise at each noise 
station 
LBAeq,7am-6pm = A-weighted 

No threshold value 
presented 

 Health measure score of mental health of the noise 
exposure group were significantly lower than the 
control group, implying that the mental health of 
subjects from the noise exposure group was worse 
than the matched control group 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
subjects living in the 
suburb of South 
Penrith 
approximately 55 km 
from Sydney Airport 

sound pressure level of the 
background noise levels 
 
Outcome variables: 
Self-reported health related 
quality of life, noise stress, 
noise sensitivity, noise 
annoyance 
 

089 
Staykova J, Turnovska T, 
Petkov T. 2003. UNECE 
Workshop on Sustainable 
and Healthy Urban Transport 
and Planning. 16-18 
November 2003, Nicosia, 
Cyprus 

Current ecological and 
health problems of the air 
transport in Bulgaria 
(Bulgaria) 

CS Population living 
close to three airports 
in Bulgaria – Sofia, 
Varna and Bourgas 

None Identified Residence in the airports and 
in the controlled area 
 
Outcome variables: 
Ambulatory polyclinic 
morbidity rate by calls for 
medical help about some 
groups diseases 

No threshold value 
presented 

 There was significant and authentic higher morbidity 
rate among the population from the controlled regions 
by number of diseases, including mental disorders 

Weakness: 
 No noise level data was available for analysis 

097 
Turnovska T, Staykova J, 
Petkov T. 2004. Arh Hig Rada 
Toksikol. 55. Pp. 5-10. 

Health assessment of 
populations living close 
to the airport of Bourgas 
Bulgaria.  
(Bulgaria) 

CS Populations in the 
vicinity of Bourgas 
airport as the 
exposed group; 
populations in 
Zornitsa housing 
estate and Slaveykov 
housing estate 
located about 5km 
from the airport as 
controlled group 

Natural and social 
environment, differences in 
level and quality of health 
services provided to people 

Residing distance from the 
airport 
 
Outcome variables: 
Morbidity rates determined 
on the basis of main classes 
for the period 1997-1999 
according to occurrence per 
1,000 inhabitants  

No threshold value 
presented 

 The prevalence and incidence of diseases, including 
mental disorders, neuroses and personality disorders, 
in respective age groups were higher in populations 
from the area exposed to aircraft noise than in the 
controlled area 

Weakness: 
 No noise level data was available for analysis 

 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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9. NOISE AND COGNITIVE PERFORMANCE 
 
9.1 Human Cognition - 17 articles 
 

It is believed that high level of environmental noise gives negative impacts on cognition, particularly 
in children. In general, cognitive tasks involve acquisition, organization and use of knowledge; noise 
interferes with function of brain and impairs task performance, and tasks such as reading attention, 
problem solving and memory might be affected by noise (van Kempen et al, 2005). Seventeen 
studies on noise and cognition performance, including five literature review, six population-based 
studies and six experimental studies, were examined. Most of the community studies concerned 
about the effects of chronic environmental noise exposure on cognition of children, while some 
experimental studies focused on influences of performance in cognitive tasks by short-term noise 
exposure. Tables 9.1 to 9.3 summarize the major findings of these studies.  

 
9.2 Chronic noise exposure and children’s cognitive performance  
 

Most studies on noise effects on cognitive performance focused on aircraft noise and school children 
subjects. This is because cognition development is more critical for children and it is generally 
believed that aircraft noise, due to its intensity, the location of the source, and its variability and 
unpredictability, is likely to have a greater effect on children’s reading than other noise sources such 
as road traffic noise, which might be of a more constant intensity (Stansfeld et al, 2005). Several 
epidemiological studies were conducted to examine the effects on cognitive performance of school 
children by aircraft noise ranged 45 to 72 dB(A) outdoor LAeq,16h (Haines et al, 2002), 54 to 68 dB(A) 
and 53 to 62 dB(A) outdoor LAeq,24h, (Hygge et al, 2003), 30 to 70 dB(A) outdoor LAeq,16h (Stansfeld et 
al, 2005) or road traffic noise with outdoor mean LAeq,5min of 57.4 dB(A) (S.D. = 8.7 dB(A)) and 
outdoor LAmax,5min of 70.1 dB(A) (S.D. = 12.9 dB(A))(Shield et al, 2005). Performance outcomes 
assessed included mathematics, science, English (spelling, handwriting, creative writing and 
reading), short-term and long-term memory, attention and speech perception. From these studies 
the most notable finding was that chronic exposure to aircraft noise negatively influenced reading 
comprehension but not the other English performance outcomes (Haines et al, 2002; Hygge et al, 
2003; Shield et al, 2003; Stansfeld et al, 2005). The authors suggested that tasks with a high 
component of language comprehension are more affected by noise exposure than other tasks, 
which are less language-based such as spelling, handwriting and writing. Some studies even 
reported that overall scores in the Standardized Assessment Test (SAT), which include mathematics, 
science and English tests, were negatively correlated to environmental noise exposure (Haines et al, 
2002; Shield et al, 2003; 2005). It was hypothesized that mechanisms as auditory discrimination and 
speech perception are important mediators of such deteriorated performance (van Kempen et al, 
2005).  
 
One of the research works reviewed studied the effect of road traffic noise on children’s cognition. 
This work, which is also known as the RANCH Project, assessed about 3,000 children aged 9 to 10 
years who were attending 89 schools in Netherlands, Spain and the UK located in local authority 
areas around three major airports (Schiphol, Barajas, and Heathrow, respectively) (Stansfeld et al, 
2005). Exposure to external aircraft and road traffic noise at school were measured and the cognitive 
outcomes were evaluated. It was found that exposure to chronic aircraft noise was associated with a 
significant though small impairment in reading comprehension recognition, but was not associated 
with impairment in working memory, prospective or sustained attention. These effects were not 
noted for road traffic noise. The authors suggested that the absence of an association between road 
traffic noise and reading was inconsistent with previous studies. This might be due to the relatively 
low noise level recorded in the study.  
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Since most of the studies were cross-sectional, the results could be significantly affected by various 
confounding factors. Socio-economic status had been identified as an important factor that could 
confound the results. Haines et al (2002) found that after adjustment for the average socio-economic 
status of the school intake, the association between high noise exposure and poorer performance 
on the SAT tests was reduced and was no longer statistically significant. In spite of this, the 
correlation was still found to be significant in other studies with the confounding factors being 
controlled. 
 
In a longitudinal study, cognition of children aged between 8 and 12 years living around the old and 
new Munich International Airport was assessed before and after the switching of the airport (Hygge 
et al, 2003). Before switching, the noise levels at the sites being investigated, around the old and 
new airport were 68 and 53 dB(A) LAeq,24h outdoors, respectively. After switching, the noise levels 
were 54 and 62 dB(A), respectively. The authors found that reading and long-term memory effects 
replicated, disappearing when the old airport closed and emerging after the new airport opened. This 
provided relatively stronger evidence supporting the hypothesis that aircraft noise affects cognitive 
performance as a considerable amount of confounding factors could be eliminated in longitudinal 
studies. It also indicated that the impacts of noise on these two outcomes were reversible in nature. 
In addition, it was found that after switching to the new airport the effects on the subjects around the 
new airport increased with time, suggesting a cumulative noise impact. Since there is no other 
survey supporting these results, more longitudinal studies are required to provide more insight to 
these findings. 

 
9.3 Acute noise and cognitive task performance 

 
In experimental studies, it was generally reported that short-term noise exposure deteriorates 
performance in cognitive tasks, mostly short-term memory tasks (Saeki et al, 2004; Trimmel et al, 
2006).  The impact is even more significant for noise sensitive persons (Hermawati et al, 2003; 
Waye et al, 2002). Saeki et al (2004) reported that meaningful noise has a greater impact as it is 
more difficult to maintain attention and concentration. However, Stubb (2004) indicated that noise 
might not affect cognitive task performance if the performance level lies considerably below the 
person’s maximum level. It is generally possible to uphold the performance level in spite of the noise 
by exerting extra effort, at least for a limited time. 
 

9.4 Conclusions 
 
A large portion of the epidemiological studies on noise effects on cognitive performance focused on 
aircraft noise and school children subjects. This was because aircraft noise was believed to have 
greater influences on cognition than other noise types due to its intensity, variability and 
unpredictability. Children were regarded as the high sensitive group for cognitive impairment. The 
results of these cross-sectional and longitudinal works consistently indicated that chronic aircraft 
noise exposure had negative impact on children’s performance in tasks with high component of 
language comprehension, such as reading. Socio-economic status was an important factor that 
needs to be considered when evaluating the associations between noise and cognitive 
performance.  
 
Experimental studies showed that short-term noise exposure during cognitive task increased task 
workload and decreased attention as well as concentration and the effects were more significant for 
noise sensitive subjects.  
 
However, it should be noted that almost all of the field studies focused on aircraft noise and 
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performance of school children. Evidence for effects of other environmental noise sources and on 
the general population was insufficient. Experimental studies generally concerned the effect of acute 
noise exposure in short period of time, predominantly during cognitive tasks, on a small sample size 
and therefore could not clearly reflect the influences of long-term noise exposure on cognition. Also, 
artificial noise was usually utilized and extrapolation to chronic exposure of environmental noise was 
necessary. Therefore, such findings were inconclusive for overall environmental noise and for the 
general population.   



Environmental Protection Department   
Tender No. NP03-055 
Additional Work for A Comparative Study of Noise Levels in Hong Kong 

Scott Wilson Ltd 
 

November 2007 
 

 

 
  Final Report 81  

 

Table 9-1 Summary of literature review studies on noise effects on cognitive performance (5 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
015 
enHealth Council, 2004 

The health effects of 
environmental noise – 
other than hearing loss 
(Australia) 

A Research studies on 
noise effects on 
performance and 
learning of school 
children 

Not Applicable 
 

Not Applicable No threshold 
value presented 

 Noise can contribute to increased arousal resulting in improved 
performance on a simple task (particularly in conditions of sleep 
deprivation), but performance is impaired on more complex 
tasks 

 Tasks which involve central processing and language 
comprehension, such as reading, attention, problem solving and 
memory, appear to be most affected by exposure to noise 

 In studies examining the effects of chronic aircraft, rail and road 
traffic noise on school children’s cognitive performance, the 
following have been found in children exposed to high levels of 
environmental noise: 
o Deficits in sustained attention and visual attention 
o Difficulties in concentrating in comparison with children from 

quieter schools according to teachers’ reports 
o Poorer auditory discrimination and speech perception 
o Poorer memory that requires high processing demands of 

semantic material 
o Poorer reading ability and school performance on national 

standardized tests 
063 
Shield B, Dockrell J. 2003. 
Journal of Building Acoustics. 
10. Pp. 97-106 

The effects of noise on 
children at school: a 
review 
(UK) 

A Research studies on 
noise effects on 
children’s cognitive 
performance at 
school 

Not Applicable Not Applicable No threshold 
value presented 

 The general effects of chronic noise exposure on children are 
deficits in sustained attention and visual attention; poorer 
auditory discrimination and speech perception; poorer memory 
for tasks that require high processing demands of semantic 
material; poorer reading ability and school performance on 
national standardized tests 

 It was found that noise sources outside school in London was 
road traffic and aircraft noise, while noise inside a classroom 
might include noise from teaching equipment, noise from 
building services, and noise transmitted through the walls, floor 
and ceiling from other parts of the school 

 A major effect of noise and poor acoustics in the classroom is 
the reduction of speech intelligibility.  

 Many other factors, such as ability, language or social 
deprivation, may also influence performance and interact with 
the effects of noise 

 Older children in the primary school age range appeared to be 
the most affected by noise 

070 
van Kempen E.E.M.M., 
Staatsen B., Van Kamp I. 
2005. RIVM Report 
63040001/2005 

Selection and evaluation 
of exposure-effect 
relationships for health 
impact assessment in the 
field of noise and health 
(Netherlands) 

A Research studies on 
noise effects on 
cognition 

Not Applicable Not Applicable No threshold 
value presented 

 From various studies the following results have been found in 
children exposed to high levels of environmental noise, 
compared to children in quieter school: 
o Deficits in sustained attention and visual attention 
o Difficulties in concentration 
o Poorer auditory discrimination and speech perception 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
o Memory impairment for tasks that require high processing 

demands 
o Poorer reading ability and school performance on national 

standardized tests 
 Not much is known about the underlying mechanisms. It is 

hypothesized that mechanisms as auditory discrimination and 
speech perception are important mediators of the possible 
association between noise and performance 

 Nearly all studies have involved a cross-sectional design, small 
sample sizes, and a lack of adjustment for potential confounders 
such as socio-economic status 

084 
Belojevic G, Jakovljevic B, 
Slepecvic V. 2003. Noise and 
Health. 6(21). Pp. 3-15 

Noise and mental 
performance: Personality 
attributes and noise 
sensitivity 
(Serbia) 

A Research studies the 
role of neuroticism, 
extroversion and 
subjective noise 
sensitivity during 
mental work in noisy 
environment 

Not Applicable Not Applicable No threshold 
value presented 

 Neurotic persons might show higher arousal level in noise stress. 
Additional unfavourable factor for neurotics are worrying and 
anxiety, which might prevent them from coping successfully with 
noise during mental performance 

 Correlation analyses have regularly revealed a highly significant 
negative relation between extroversion and noise annoyance 
during mental processing 

 Numerous studied have shown that people with high noise 
sensitivity might be prevented from achieving the same work 
results as other people in noisy environment, thus leading to 
psychosomatic, neurotic or other difficulties 

 It was shown that more stable personality, with extroversive 
tendencies and with a relatively lower subjective noise sensitivity, 
might be expected to better adapt to noise during mental 
performance 

087 
. 2002. Occupation 

and Health. 18(8). Pp.72-74 

 
 

(China) 

A Noise effects on 
cognitive 
performance of 
school children 

Not Applicable Not Applicable No threshold 
value presented 

 Background noise of 60 – 70 dB(A) in classroom might lead to 
annoyance of teachers and impairment of attention of pupils 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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Table 9-2 Summary of population-based studies on noise effects on cognitive performance (6 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
030 
Haines M M, Stansfeld S A, 
Job R F S. 2002. Journal of 
Epidemiology and 
Community Health. 56. Pp. 
139-144 

Multilevel modelling of 
aircraft noise on 
performance tests in 
schools around Heathrow 
Airport London  
(UK) 

CS Approximately 11,000 
children in year 6 
(about 11 years old) 
from 123 schools 
surrounding 
Heathrow Airport 

Adjusted during statistical 
analysis: sex, year of 
testing, type of school 
(government, church, 
grant maintained), Social 
deprivation (percentage of 
pupils eligible for free 
school meals; percentage 
of pupils statemented with 
special needs; percentage 
of pupils with English as a 
second language) 

Aircraft noise exposure 
taken from the published 
1994 Civil Aviation 
Authority dB(A) Leq,16h (92 
days) contour map, ranging 
form less than 45 to over 72 
dB(A) 
 
Outcome variables: 
Results of National 
Standardized Scores 
(SATs) for Key Stage 2 in 
Mathematics, Science, and 
English (spelling, 
handwriting, creative 
writing and reading) 

No threshold value 
presented 

 Chronic exposure to aircraft noise was significantly related 
to poorer reading performance and was not associated 
with other English performance outcomes. This provided 
empirical support for the theory that tasks with a high 
component of language comprehension dependent on 
listening and comprehension are more affected by noise 
exposure than other tasks, which are less language-based 
such as spelling, handwriting, and writing 

 Chronic exposure to aircraft noise at school was 
significantly related to poorer performance in mathematics 
after adjustment for school type 

 After adjustment for the average socioeconomic status of 
the school intake, the association between high noise 
exposure and poorer performance on the SATs tests was 
reduced and was no longer statistically significant. This 
suggested that chronic exposure to aircraft noise is 
associated with school performance in reading and 
mathematics in an exposure-response function, but that 
this association is influenced by socio-economic factors 

 The nature of the pathways between social class, noise 
and performance were unknown and needed further 
theoretical consideration and empirical examination 

031 
Hygge S, Evans G W, 
Bullinger M. 2003. 
Psychological Science. 13. 
Pp. 469-474 

A prospective study of 
some effects of aircraft 
noise on cognitive 
performance in school 
children 
(Germany) 

L 326 children: 42 in 
old-airport, no noise 
group; 65 in 
old-airport, noise 
group; 107 in 
new-airport, no noise 
group, 111 in 
new-airport, noise 
group, aged between 
8-12 years 

Ruled out before study: 
age, gender, ethnicity, 
number of family 
members, parental 
occupation/education, 
attrition 

Community noise levels of 
the subject groups LAeq,24h 
measured at the mobile 
laboratory before and after 
the switching of Munich 
International Airport 
(Old airport: before 
switching – 68 dB; after 
switching – 54 dB 
New airport: before 
switching – 53 dB; after 
switching – 62 dB) 
 
Outcome variables: 
Reading, short-term 
memory, long-term 
memory, attention, speech 
perception determined by 
cognition tests conducted 
before and after the 
switching of airport 
 

No threshold value 
presented 

 Reading and long-term memory effects replicated, 
disappearing when the old airport closed and emerging 
after the new airport opened. This provided strong causal 
evidence for the vulnerability of central language 
processing to noise exposure, and the reversible nature of 
the impact 

 At the new airport the negative effects on reading and 
long-term memory were stronger at the second year after 
the opening of the new airport than at the first year after the 
opening, which suggested a cumulative noise effect 

 There was weaker evidence suggesting noise-induced 
deficiencies in speech perception and short-term memory  
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
062 
Shield B, Dockrell J. 2005.  
Proceeding of the Institute of 
Acoustics. 27. Pp.87-98 

The effect of noise on 
education in urban schools 
(UK) 

CS 2,036 children in year 
2 and year 6 and 51 
teachers from primary 
schools from 3 
London boroughs 

Adjusted during statistical 
analysis: Socio-economic 
factors of schools - 
percentage of children 
receiving free school 
meals, percentage of 
children with English as an 
additional language 

Environmental noise 
parameters LAeq,5min (mean 
= 57.4 dB(A)), LA10,5min 
(mean = 59.6 dB(A)), 
LA90,5min (mean = 48.5 
dB(A)), LAmax,5min (mean = 
70.1 dB(A)) and LAmin,5min 
(mean = 44.6 dB(A)) 
measured outside the 
noisiest façade of the 
schools, at the kerbside of 
the nearest road 
 
Outcome variables: 
Age, children’s awareness 
of and annoyance caused 
by noise from different 
sources at school, ability to 
hear in different contexts in 
the classroom, academic 
achievement (standard 
assessment tests SATs 
scores at Key Stage 1 and 
Key Stage 2) 

No threshold value 
presented 

 The awareness score was significantly and positively 
correlated with the background (LA90) external noise levels 
while the annoyance score was significantly and 
positively correlated with LAmax,  LA90 and LAeq levels. 
Children in schools with higher background external noise 
levels reported hearing more external noise sources. 
Annoyance caused by noise however was related to all 
aspects of the noise environment, and annoyance of 
particular sources to the maximum levels 

 Younger children reported more difficulty hearing in the 
classroom than the older children 

 There were significant negative correlations between all 
noise parameters and all SATs scores, showing that the 
higher the external noise level at a school the poorer the 
academic performance as demonstrated by SATs results. 
These relationships persist when the data was adjusted 
for socioeconomic characteristics of the schools 

 The correlations were stronger for Key Stage 2 test 
scores than for those at Key Stage 1, suggesting that 
noise had more effects on the older children 

064 
Shield B, Dockrell J. 2003.  
Euronoise. Naples, Italy. May 
2003 

The effects of classroom 
noise on children’s 
academic attainments 
(UK) 

CS Children in Year 2 and 
Year 6 and teachers 
at 16 primary schools 

Adjusted during statistical 
analysis: Socio-economic 
factors of schools - 
percentage of children 
receiving free school 
meals, percentage of 
children with English as an 
additional language 

Indoor noise levels (LAeq: 
47.0 – 73.4 dB, LA90: 36.9 – 
55.1 dB) determined by 
short 2 minute 
measurements during 
lessons in classrooms and 
other occupied and 
unoccupied spaces around 
the schools 
 
Outcome variables: 
Performance in the 
standard assessment tests 
SATs at Key Stage 1 and 
Key Stage 2 

No threshold value 
presented 

 With the socioeconomic factors being adjusted, there 
were significant negative correlations between measured 
noise levels in schools and the average SATs results of 
the schools 

 The noise parameter most closely associated with SATs 
scores was the background noise level (LA90) in occupied 
classrooms 

 The test most affected by noise was Key Stage 2 English 
which was consistent with previous studies which have 
found reading to be the task most affected by noise, 
particularly for older children 

067 
Stansfeld S A, Berglund B, 
Clark C, Lopez-Barrio I, 
Fischer P, Öhrstoröm E, 
Haines M M, Head J, Hygge 
S, Van Kamp I, Berry B F. 
2005. Lancet. 365. Pp. 
1942-1949 

Aircraft and road traffic 
noise and children’s 
cognition and health: a 
cross-national study 
(Europe) 

CS 2,844 children aged 
9-10 years from 
primary schools near 
Schiphol 
(Netherlands), 
Barajas (Spain) and 
Heathrow (UK) 
airports 

Ruled out before study: 
noise source other than 
road traffic and aircraft  
Controlled during 
statistical analysis: sex, 
country, longstanding 
illness, parental support 
for schoolwork, 

Outdoor noise level 
(aircraft and road traffic) 
LAeq,7-23h obtained by noise 
mapping, modelling and 
direct measurement 
ranged 30 to 70 dB(A) 
 
Outcome variables: 

No threshold value 
presented 

 Exposure to chronic aircraft noise was linearly associated 
with a significant impairment in reading comprehension. A 
5 dB difference in aircraft noise was equivalent to a 
2-month reading delay in the UK and a 1-month reading 
delay in the Netherlands 

 Exposure to aircraft noise was linearly associated with a 
significant impairment in recognition, but not information 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
socioeconomic position 
(employment status of 
parents, housing tenure, 
crowding), maternal 
education, ethnic origin, 
main language spoken at 
home, insulation against 
noise (double or triple 
glazing) in classrooms 

Cognitive outcomes: 
reading comprehension, 
readability index for 
elementary and special 
education, episodic 
memory (recognition and 
recall), sustained attention, 
working memory, 
prospective memory 
 
Health outcomes: 
perceived health, 
perception of noise and 
annoyance, parents’ 
perceived health and 
mental health 
(psychological stress, 
sociodemographic context 
variables, environmental 
attitudes and noise 
annoyance) of their child 

recall or conceptual recall 
 Aircraft noise was not associated with impairment in 

working memory, prospective memory, or sustained 
attention 

 Road traffic noise was associated with a significant 
increase in scores for the episodic memory scales of 
information recall and conceptual recall. The reason of this 
was unexplained and required further study 

 No effects of road traffic noise on reading comprehension, 
recognition, working memory, prospective memory and 
sustained attention were noted 

 Aircraft noise, because of its intensity, the location of the 
source, and its variability and unpredictability, was likely to 
have a greater effect on children’s reading than road traffic 
noise, which might be of a more constant intensity 

094 
Stromswold K, Sheffield E. 
2004. Rutgers University 
Center for Cognitive Science 
Technical Report 

Neonatal intensive care 
unit (NICU) noise & 
language development 
(US) 

CS 382 prematurely-born 
children with mean 
gestational age at 
birth of 31.8 weeks. At 
the time of 
assessment the mean 
age of children was 
39 months 

None identified Noisiness of the NICU 
determined by 
questionnaire completed 
by parents; gestational age 
 
Outcome variables:  
Children’s linguistic and 
non-linguistic abilities 

No threshold value 
presented 

 Preterm children in louder NICUs were found to have 
better linguistic outcomes than those in quieter NICUs 

 One explanation was that NICU noise ratings were an 
indirect measure of how inclined parents were to talk. 
They might exaggerate the prosody of their speech more 
when they spoke to their child in noisy environments than 
in quite environments 

 Alternatively, it could be that the more-is-better theory 
was correct and extra auditory stimulation of any sort was 
beneficial for language. Preterm children received 
premature exposure to both auditory and visual stimuli, 
and loud NICUs might simply tip the neurodevelopment 
balance in favour of audition/language over vision 

Weaknesses: 
 Highly selected subjects 
 No adjustment for socio-economic status 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
 
 



Environmental Protection Department   
Tender No. NP03-055 
Additional Work for A Comparative Study of Noise Levels in Hong Kong 

Scott Wilson Ltd 
 

November 2007 
 

 

 
  Final Report 86  

 

Table 9-3 Summary of experimental studies on noise effects on cognitive performance (6 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
027 
Hermawati S. 2003. Master 
Thesis. Department of 
Human Work Sciences. 
Division of Industrial 
Ergonomics. Luleå University 
of Technology 

Effect of Intermittent 
Unpredictable Noise and 2 
Axis Random Vibrations 
on Cognitive Performance 
(Sweden) 

ES 12 healthy males with 
average age of 27.08 
(± 2.61) years 

None Identified Intermittent pink noise 
transmitted through 
earphones: 56 – 85 dB(A) 
LAeq; noise sensitivity 
 
Outcome variables: 
Reaction time of correct 
answers and number of 
correct answers in 
short-term memory test; 
subjective rating on 
annoyance and task 
workload (mental demand, 
physical demand, time 
pressure, performance, 
effort and frustration level 

No threshold value 
presented 

 There were positive and significant correlations between 
noise level and annoyance, effort and frustration level 

 Subjects in noise sensitive group had significantly higher 
ratings of subjective annoyance, mental demands, 
physical demands, time pressure, effort level and 
frustration level 

 No noise effect on reaction time could be found 
 Higher noise level significantly affected accuracy and 

resulted in decrement of correct answers 
 In the noise sensitive group, subjective annoyance is 

positively related to reaction time and negatively related to 
correct answers 

Weaknesses: 
 Small sample size 
 Not environmental noise 

041 
Waye K P, Bengtsson J, 
Rylander R, Hucklebridge F, 
Evans P, Clow A. 2002. Life 
Sciences. 70. 745-758 

Low frequency noise 
enhances cortisol among 
noise sensitive subjects 
during work performance 
(Sweden/UK) 

ES 19 females and 13 
males with average of 
23.3 

 Noise type: reference noise 
recorded from a ventilation 
installation with a flat 
frequency spectrum; low 
frequency noise – 
ventilation noise with sound 
pressure levels in 
frequency region of 31.5 – 
125 Hz added 
Level of both noises: 40 
dB(A) LAeq;  
Noise sensitivity to low 
frequency noise and to 
general noise 
 
Outcome variables: 
Cortisol concentration from 
saliva sampling during 
tasks; performance in four 
tasks: simple reaction-time 
task, short-term memory 
task, proof-reading task, 
verbal grammatical 
reasoning task; subjective 
degree of effort used for 
each task; subjective 
feelings during noise 
exposure and tasks 

No threshold value 
presented  

 Among subjects categorized as high-sensitive to noise in 
general, the normal circadian decline in cortisol levels 
was attenuated when they were exposed to low frequency 
noise 

 Impaired performance was most consistently found 
among individuals high-sensitive to noise in general as 
well as among individuals high-sensitive to low frequency 
noise during the low frequency condition, suggesting that 
increased cortisol levels are indicative of impaired 
performance due to noise 

 Most subjects rated the low frequency noise exposure 
during task performance as more annoying than the 
reference noise and also considered that it impaired their 
working capacity 

Weaknesses: 
 Small sample size 
 Not environmental noise 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
056 
Saeki T, Fujii T, Yamaguchi 
S, Harima S. 2004. Applied 
Acoustics. 65. Pp. 913-921 

Effects of acoustical noise 
on annoyance, 
performance and fatigue 
during mental memory 
task (Japan) 

ES 8 students with 
normal hearing 

None Identified Noise type (meaningful, 
meaningless), noise level 
(Leq 40, 45, 50, 55 dB) 
presentation methods for 
short-term memory test 
(visual, aural) 
 
Outcome variables: 
Performance in the 
short-term memory test, 
self-reported feeling of 
fatigue 

No threshold value 
presented 

 In the aural presentation, the percentage of correct 
answers decreased as the sound pressure level value of 
noise rose. In the visual presentation, a dependence on 
the sound pressure level value of the percentage of correct 
answers was not seen 

 The percentage of correct answers with meaningful noise 
decreased compared to meaningless noise in the aural 
presentation. No difference between the two was seen in 
the visual presentation 

 Maintaining attention and concentration was more difficult 
with the existence of noise 

Weaknesses: 
 Small sample size 
 Not environmental noise 

065 
Shield B, Dockrell J. 2002. 
Forum Acusticum, Sevilla, 
Spain. September 2002 

The effect of acute noise 
exposure on children’s 
processing of verbal and 
non-verbal tasks 
(UK) 

ES 158 children (67 boys 
and 91 girls) aged 8 – 
9 from 4 different 
primary schools in 
north London 

Ruled out before study: 
external noise levels at 
schools, percentages of 
children receiving free 
school meals, Standard 
Assessment Test (SAT) 
results of schools, age 
 
Adjusted during statistical 
analysis: gender and 
ability determined by 
ability test 

Noise conditions with 
recorded noise: 
Base – normal classroom 
condition when children 
were working quietly, with 
no talking and no additional 
noise 
Babble – noise consisting 
of children’s babble (65 
dB(A) LAeq) 
Babble and environmental 
noise – children’s babble 
(65 dB(A) LAeq) plus 
intermittent environmental 
noise (58 dB(A) LAmax) 
 
Outcome variables: 
Scores in a verbal (reading) 
and a non-verbal (speed of 
information processing) 
test 

No threshold value 
presented 

 Children’s performance in the non-verbal task was 
significantly impaired in the babble-only and the babble 
and environmental noise conditions. One possible 
explanation was that the interference effects were caused 
by different cognitive mechanisms 

 In the verbal task, children in the babble-only condition 
obtained the lowest scores, while children in the babble 
and environmental noise conditions obtained the highest 
scores. The effects of the babble-only condition might be 
best explained by an interference with semantic 
processing due to the competitive phonological 
information provided. 

 The fact that the babble and environmental noise 
condition improved performance in verbal task might be 
because the inclusion of the environmental noise 
diminished the effect of the competing babble by reducing 
the speech like nature of the stimuli. Also, the additional 
environmental noise could be seen as a means of 
heightening arousal and increasing performance on the 
task 

Weakness: 
 “Artificial” environmental noise 

068 
Stubb A. 2004. C-uppsats 
vt04. Institutionen för 
psykologi, Umeå universitet 

The effects of 
environmental noise on 
attention among high 
school students 
(Sweden) 

ES 48 students aged 
16-17 in the first 
grade of the Swedish 
high school in the 
programs of nature- 
or social science 

None Identified Noise source: ventilation, 
road traffic, irrelevant 
speech, structure born 
sound and a complex 
classroom sound 
containing all four 
components 
Noise level: 35, 45, 55, 65 
dB LAeq 
 

No threshold value 
presented 

 No differences in attention according to the sound 
conditions were found. Neither the speed nor the 
accuracy was affected by noise in the SMT 

 In many tasks the performance level generally lies 
considerably below the person’s maximum level. This 
means that it is generally possible to uphold the 
performance level in spite of the noise by exerting extra 
effort, at least for a limited time. The SMT in this study 
lasted for ten minutes for each sound condition and during 
that time limit it might be possible to uphold the 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold Value Main results / weaknesses 
Outcome variables: 
Accuracy and speed in the 
Search and Memory Test 
(SMT), which is a high 
memory load test of 
attention with few learning 
effects 

performance level 
Weaknesses: 
 Small sample size 
 No control group 
 “Artificial” environmental noise 

099 
Trimmel M, Poelzl G. 2006. 
Ergonomics. 49(2). Pp. 
202-208 

Impact of background 
noise on reaction time and 
brain DC potential 
changes of VDT-based 
spatial attention 
(Austria) 

ES 5 males and 5 
females, mean age 
28 years, healthy, 
non-medicated, 
right-handed and had 
normal or 
corrected-to-normal 
vision 

None identified Environmental background 
noise exposure: 60 dB(A) 
LAeq 
 
Outcome variables: 
Performance in a visual 
display terminal 
(VDT)-based visual-spatial 
attention task; brain direct 
coupled (DC) potential (a 
negative changing brain 
DC potential was reported 
as an expression of cortical 
activation, while a positive 
changing DC potential as 
an expression of a cortical 
inhibition) 
 

No threshold value 
presented 

 There was an impaired performance in the VDT-based 
visual spatial attention task as shown by a prolonged 
reaction time.  

 The impairment of performance in noise conditions was 
accompanied by a positive changing brain DC potential, 
indicating a cortical inhibition caused by background 
noise 

 Even background noise of 60 dB(A) modulated cortical 
information processing of visual-spatial attention. The 
mental processes was related to perceptual defence, 
which in turn consumed mental resources 

Weaknesses: 
 Small sample size 
 Not environmental noise 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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10. NOISE AND STRESS / ENDOCRINE RESPONSE 
 
10.1 Stress/Endocrine Response – 10 articles 
 

Noise is a stress-trigger that induces a response profile consisting primarily of neural and hormone 
secretion processes via the hypothalamo-pituitary-adrenocortical (HPA) axis, which is a major part 
of the neuroendocrine system that controls reactions to stress and regulates various body process 
and is the mechanism for a set of interactions among glands, hormones and parts of the mid-brain 
that mediate a general adaptation syndrome (Maschke et al, 2002). Ten papers on noise induced 
stress or endocrine responses were reviewed, of which four were literature review studies, three 
were studies on human subjects, and three were on animal subjects. Most of the works on this 
subject were experimental studies. Tables 10.1 to 10.3 summarize the major findings of these 
research works. 
 
Excretion of stress hormones including adrenaline, noradrenaline and cortisol is the most studied 
stress response. It was suggested that these stress hormones are reliable stress indicators when 
considering the cause-effect chain, i.e. sound, annoyance, physiological arousal (stress indicators), 
biological risk factors (e.g. heart activity, blood pressure, blood lipids, blood glucose, blood clotting, 
blood viscosity), and disease (e.g. hypertension, arteriosclerosis, myocardial infarction) (Babisch 
2003; Babisch et al, 2001). Adrenaline and noradrenaline levels were usually measured in urine, 
while cortisol was usually measured in serum, urine and saliva (Bigert et al, 2005). Other studies 
also used free radical scavenging enzyme levels in brain as stress indicators (Samson et al, 2005) 
but these indicators were reported not appropriate to be used for quantifying health effects. In most 
of the studies reviewed, it was shown that noise exposure caused changes in neuroendocrine 
regulations.  
 
Increase in stress hormone excretion caused by noise exposure has been widely reported (Burow et 
al, 2005; Hébert et al, 2005; Kanitz, 2005). However, in an experimental longitudinal study, Maschke 
et al (2002) observed that increasing, decreasing or stable trend of cortisol excretion occurred in 
different genders and different individuals upon exposure to aircraft noise. The decreasing as well as 
increasing cortisol trend was connected to health hazards. They concluded that this stress indicator 
is individual specific and that noise induced health risk for men could be higher than that for women. 
Babisch et al (2001) found that noradrenaline or renal adrenaline excretion might not necessarily be 
influenced by road traffic noise. The changes in the stress hormone secretion might depend on 
habitation to noise and sleep disturbance. 
 
Although over the years it has been shown that immediate changes in stress hormone excretion is 
connected with short-term noise exposure, long-term effect on such stress response of chronic 
noise exposure was seldom investigated. Most of the studies only focused on the excretion of stress 
hormones over a short period and only certain parts of the day/night were considered for sampling. 
However, since there are strong circadian and weekly rhythms of hormone excretion, these studies 
might suffer from methodological problems (Babisch, 2003; Maschke et al, 2002).  Furthermore, 
although many researchers have hypothesized that noise-induced changes in stress hormone 
excretion would lead to chronic diseases, evidence for this causal-effect relationship is lacking. 
Babisch (2003) suggested short-term studies on acute noise effects give only limited insight into the 
long-term health effects. There is a need for standardized methods of the measurement of endocrine 
indicators of chronic stress on the one hand, and reliable clinical data on the other hand that allows 
the prediction of the quantitative impact of chronic changes in stress hormones on the subsequent 
development of diseases.  
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10.2 Conclusions 
 

Although short-term changes in endocrine responses caused by noise exposure were widely 
reported, high quality epidemiological studies which focus on long-term effects of chronic 
environmental noise exposure of large sample groups were lacking. Most of the research works 
found were experiments which concerned effects of short-term acute noise on small sample group. 
Of the six experimental studies, only one (Babisch et al, 2001) involved “real” environmental noise. 
In that study significant associations between traffic volume and noradrenaline concentrations in 
urine were found with regard to the exposure of the bedroom rather than the living room, indicating a 
higher chronic physiological arousal in noise-exposed subjects as compared to less exposed. The 
effectiveness of individual coping mechanisms might also influence the results, as elevated 
noradrenaline concentrations were only observed in subjects where closing the window could not 
reduce the perceived disturbance. However, the study only involved female subjects. Information on 
effects on male was lacking. The study was also susceptible to self-selection bias because of the low 
response rate (25% of the eligible subjects).  
 
Most of the other studies were on animal subjects only and data must be extrapolated to effects in 
humans. This extrapolation involved strong assumptions regarding the relation between effects in 
animals and effects in humans, and strong assumptions regarding the relation between effects of 
high exposures in a relatively short time interval and effects of long term low exposures. Aspects of 
adaptation and habituation remained to a large extent unconsidered. Hence, there was still 
inconclusive findings for altering of hormone excretions and the resulting chronic diseases by 
environmental noise.  
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Table  10-1 Summary of literature review studies on noise induced stress\endocrine response (4 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
009 
Bigert C, Bluhm G, 
Theorell T. 2005. 
International Journal of 
Hygiene and 
Environmental Health. 
208. Pp.227-230 

Saliva cortisol - a new 
approach in noise 
research to study stress 
effects 
(Sweden) 

A Research studies on 
saliva cortisol levels in 
relation to noise 
exposure 

Not Applicable Not Applicable No threshold 
value presented 

 The glucocorticoid hormone cortisol is the main secretory product of 
the neuroendocrine cascade and a good indicator of stress. It has been 
shown that noise could affect cortisol levels acutely as well as 
chronically 

 Cortisol levels could be measured in serum, urine and saliva 
 Assessment of cortisol levels seemed to be a valuable method for 

objective measurement of stress response in relation to noise 
exposure 

 Saliva cortisol assessment was recommended as it has high accuracy 
as a marker for stress reactions and the sampling and storage of saliva 
specimens is easy to perform 

015 
enHealth Council. 
2004 

The health effects of 
environmental noise - 
other than hearing loss 
(Australia) 

A Research studies on 
noise exposure and 
neuro-physiological 
stress 

Not Applicable Not Applicable No threshold 
value presented 

 It has been reported that sudden or impulsive noise bursts resulted in 
stress reaction changes that included changes in cardiovascular blood 
pressure and volume, breathing, pulse rate, gastrointestinal motility, 
endocrine gland secretions and neural activity changes in animals and 
humans. With the exception of one response, the eye-blink, many of 
these responses can be reduced as habituation to noise occurs 

 The most studied effects of noise on physiological reactions are for 
elevated levels of stress hormones.  

 Mechanisms for coping with stress include increased release of stress 
hormones such as adrenaline, noradrenaline and cortisol. 

 Cortisol raises blood pressure and reduces inflammation. It can also 
temporarily suppress the immune response and sharpen attention 

 The general pattern of endocrine responses to noise is consistent with 
noise as a stressor, exciting short-term physiological responses 

055 
Rylander R. 2004. 
Journal of Sound and 
Vibration. 277. 
Pp.471-478 

Physiological aspects of 
noise-induced stress and 
annoyance (Sweden) 

A Research studies on 
environmental noise 
exposure and 
physiological stress 
reactions 

Not Applicable Not Applicable No threshold 
value presented 

 The acute effects to noise exposure comprise the orienting response, 
the startle reflex and the defence/flight reaction, which are all 
warning/alert reflexes 

 The startle reflex comprises eye blinkings and a contraction of the 
middle ear muscles as well as the muscles in the limbs, causing a 
flexion and a position of protection. It has been reported that the 
magnitude of the contractions decreased when the number of 
exposures increased but there was a plateau, indicating a limitation of 
the adaptation 

 An important issue is whether a chronic exposures to such acute 
events and a repeated activation of the reflexes involved will develop 
into a state with lasting effects and an increased risk for medical effects 

 Over the years several measures such as noradrenaline and 
corticosteroids have been used in connection with acute exposures to 
noise 

 For the chronic exposure, when the hypophyse-pituitary-adrenal 
reaction chain is registering a continued stress, resulting in an 
increased cortisol secretion, the glucocorticoid receptors gradually lose 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
their function, implying a neuro-degenerative condition that results in a 
blunted cortisol response and smaller diurnal variations 

 So far no data are available on the relation between annoyance and 
cortisol in saliva, neither in acute nor chronic exposure situations. Such 
results will be useful to further assess the validity of annoyance as an 
indicator for stress and the risk of development of noise-related 
diseases 

093 
Babisch W. 2003. 
Noise and Health. 
5(18). Pp. 1-11 

Stress hormones in the 
research on 
cardiovascular effects of 
noise  
(Germany) 

A Research studies on 
noise effects on stress 
hormones 

Not Applicable Not Applicable No threshold 
value presented 

 Stress hormones including adrenaline, noradrenaline and cortisol are 
part of a complicated system of positive and negative feedback 
mechanisms affecting: the activity of the heart, blood pressure, blood 
lipids, blood glucose, blood clotting and blood viscosity. All these are 
established biological risk factors for hypertension, arteriosclerosis or 
myocardial infarction 

 Due to strong circadian and weekly rhythms of hormone excretion, 
epidemiological studies may suffer from methodological problems 
when only certain parts of the day/night are considered for sampling. 
Problems may also arise from too short observation periods in 
experiments regarding the longer half-time constant (cortisol: about 70 
min) of the hormone metabolism 

 Integrating measurements of chronic stress response carried out in 
urine may be more reliable than spontaneous measurements of stress 
hormones at a particular point in time (plasma, saliva), because they 
are less susceptible to time patterns of hormone secretion 

 There is a need for standardized methods of the measurement of 
endocrine indicators of chronic stress on the one hand, and reliable 
clinical data on the other hand that allows the prediction of the 
quantitative impact of chronic changes in stress hormones on the 
subsequent development of diseases 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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Table 10-2 Summary of studies on noise induced stress\endocrine response of human subjects (3 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
005 
Babisch W, Fromme H, 
Beyer A., Ising H. 2001. 
Environmental 
International. 26. 
Pp.475-481 

Increased catecholamine 
levels in urine in subjects 
exposed to road traffic 
noise: The role of stress 
hormones in noise 
research. 
(Germany) 

CS 195 women aged 
30-45 with either living 
room or bedroom 
windows directly 
facing the streets 

Controlled during statistical 
analysis: city district, height, 
weight, smoking, drinking, 
school and professional 
education, employment 
status, living alone, noise 
sensitivity, odour sensitivity, 
drug consumption, 
prevalence of respiratory 
diseases and high blood 
pressure, number of rooms, 
years in residence, and 
noise sources other than 
road traffic 

Representative 24-h 
traffic counts on several 
days in all the streets the 
subjects lived (170 – 
38,000 vehicle/day), 
subjective disturbances 
by traffic noise at home 
 
Outcome variables: 
Creatinine related 
concentrations of stress 
hormones including 
adrenaline and 
noradrenaline in urine 
samples collected during 
sleeping 

No threshold 
value presented 

 Significant positive associations between traffic volume and 
noradrenaline concentrations in urine were found with regard to 
the exposure of the bedroom, but not the living room. This 
suggested that particularly nighttime disturbances of sleep might 
be associated with adverse effects of traffic noise 

 No significant relationship was found between traffic volume and 
renal adrenaline excretion. It has been suggested that 
noradrenaline reactions are predominant when a test person is 
habituated to the noise, reflecting primarily sympathetic activation 
and release of noradrenaline from the synapses of the nervous 
system. Adrenaline excretion, on the other hand, reflects the 
organism’s response to non-habituated noise and emotional 
stress 

 Noise effects were only found to occur in women who said they 
were disturbed under closed window conditions and not in women 
who reported disturbances under open window conditions. This 
suggested that only subjects whose coping mechanisms were not 
effective showed a physiological response 

Weaknesses: 
 Self-selection bias might exist due to the low response rate 
 Female subjects only 

026 
Hébert S, Béland R, 
Dionne-Fournelle O, 
Crête M, Lupien S J. 
2005. Life Sciences. 76. 
Pp. 2371-2380 

Physiological stress 
response to video-game 
playing: the contribution 
of built-in music 
(Canada) 

ES 52 men aged 19-30 Ruled out before study: 
presence of any medical 
condition that could 
interfere with the 
functioning of the 
hypothalamic-pituitary 
adrenal (HPA) axis, 
psychiatric disorder, 
neurological disorder, 
dependence to alcohol, 
drug, steroids or tobacco, 
age, average number of 
hours of video game playing 
per week, 
presence/absence of 
hypertension in family, time 
of experiment 

Built-in music of the 
video game with sound 
level between 70 and 80 
dB(A) at peaks; no music 
for control group 
 
Outcome variables: 
Cortisol concentration in 
saliva samples taken 
after practice (T1), 
immediately after having 
played for 10min (T2), 
15min after the end of the 
experiment (T3), and 
30min after the end of the 
experiment (T4); 
self-reported stress level 

No threshold 
value presented 

 Significantly higher cortisol levels at T3 were found in the music 
group compared to the control group. The effects of the built-in 
music at other times were insignificant 

 The correlation between subjective stress scale and cortisol 
levels at T3 was also found not significant 

Weaknesses: 
 Small sample size 
 Not environmental noise 

035 
Maschke C, Harder J, 
Ising H, Hecht K, 
Thierfelder W. 2002. 
Noise and Health. 5(17). 

Stress hormone changes 
in persons exposed to 
simulated night noise 
(Germany) 

ES 16 residents living 
near the 
Hamburg-Fuhlsbüttel 
airport 

None Identified Simulated aircraft noise 
of 32 takeoffs and 
landings with sound 
levels of 65 dB(A) Lmax 
over a period of 40 

No threshold 
value presented 

 Under persistent nocturnal aircraft noise, adaptation procedures, 
namely increasing, decreasing or stable trend of cortisol 
excretion, were noted 

 The adaptation types, decreasing as well as increasing cortisol 
trend were connected with health hazards. The increasing cortisol 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
Pp. 35-45 nights; gender 

 
Outcome variables: 
Cortisol level in night 
urine excretion collected 
each morning; 
Subjective sleep quality 

excretion exceeded the normal medical range in the process of 
adaptation and the decreasing cortisol level could be identified as 
a protective inhibition 

 The adaptation was sexually specific. The adaptation types with 
recorded increasing or decreasing cortisol trend were in the 
majority for men. Noise induced health risk for men could be 
higher than for women 

 Regarding the long term exposure, subjective well-being might 
also be an easy indicator of health hazards 

 Strong rhythmic deviations of cortisol excretion were observed. 
Outcomes collected on different weekdays could not be 
compared meaningfully with each other. This suggested that 
cortisol excretion measurement should be monitored on a 
long-term basis 

Weaknesses: 
 Small sample size 
 “Artificial” environmental noise 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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Table 10-3 Summary of experimental studies on noise induced stress\endocrine response of animal subjects (3 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
012 
Burow A, Day H E W, 
Campeau S. 2005. 
Brain Research. 1062. 
Pp.63-73 

A detailed 
characterization of loud 
noise stress: Intensity 
analysis of 
hypothalamo-pituitary - 
adrenocortical axis and 
brain activation 
(US) 

ES 64 Harlan male 
Sprague-Dawley rats 
weighed 200-225g 

None Identified Noise exposure level: 
30-min noise exposure 
ranging from 80 dB(A) 
SPL to 110 dB(A) SPL, in 
increments of 5 dB(A) 
between each group of 8 
subjects 
 
Outcome variables: 
Release of endocrine 
hormone: 
adrenocorticotropin 
hormone (ACTH) and 
corticosterone; neural 
activity measured as 
induction of c-fos mRNA 

SPL 85 dB(A) for 
the release of 
endocrine 
hormone 

 Loud noise induces endocrine hormone release in an intensity 
dependent manner, with a threshold of approximately 85 dB(A) 

 Hormonal release was found to be positively associated with one index 
of neural activity, c-fos mRNA induction, in the paraventricular nucleus 
of the hypothalamus, and additional brain regions that may play a role 
in the biological determination of threat without direct physiologic 
disturbance 

Weaknesses: 
 Small sample size 
 Animal subjects rather than human subjects 

034 
Kanitz E, Otten W, 
Tuchscherer M. 2005. 
Livestock Production 
Science. 94. Pp. 
213-224 

Central and 
peripheral effects of 
repeated noise 
stress on 
hypothalamic-pituita
ry-adrenocortical 
axis in pigs 

ES 24 male castrated 
German Landrace 
pigs aged 12 weeks 
and weighed 41.6±0.8 
kg 

None identified Noise exposure: daily 
stimulation with 
broad-band noise (2h, 
90dB) (N1) and to the 
same stimulus three 
times a week (N2) during 
a period of 28 days 
 
Outcome variables: 
Plasma 
adrenocorticotrophin 
(ACTH), cortisol and 
corticosteroid binding 
globulin (CBG) levels, 
brain glucocorticoid 
receptors (GR) and 
corticotrophin-releasing 
hormone (CRH) 
concentrations, 
morphology of adrenal 
glands 

No threshold 
value presented 

 Noise exposure caused an increase of CBG concentrations in N1 
subjects in the first week and an increase of plasma ACTH and cortisol 
levels in week 1 followed by a subsequent decrease until week 4 

 The ACTH and cortisol response of the N2 subjects increased after 
week 1 and was significantly elevated in week 4 

 There was significant structural modifications in the adrenal gland of 
N1 subjects resulting in differentiated effects on the adrenal cortex and 
medulla 

 Noise exposure caused changes in neuroendocrine regulations and 
affected hypothalamic-pituitary-adrenocortical (HPA) function at 
different levels and resulted in a state of chronic stress which might 
have negative implications on productivity and welfare 

Weaknesses: 
 Small sample size 
 Animal subjects rather than human subjects 

058 
Samson J, Sheela 
Devi R, Ravindran R., 
Senthilvelan M.  2005. 
Environmental 
Toxicology and 
Pharmacology. 20. 

Effect of noise stress on 
free radical scavenging 
enzymes in brain (India) 

ES 24 Wister strain male 
albino rats weighed 
180-220g, 6 in each 
exposure group 
(Group 1: control; 
Group 2: acute 
exposure – 4 h as a 

None Identified Noise exposure: 
broadband white noise at 
100 dB intensity with four 
difference exposure 
periods (Group 1: 
control; Group 2: acute 
exposure – 4 h as a 

No threshold 
value presented 

 Acute noise stress significantly increased the levels of SOD, catalase, 
GPx, GSSG and LPO and decreased the levels of GSH, GSH/GSSG 
ratio and protein thiols 

 The free radical scavenging enzymes levels, in sub –acute and chronic 
noise stress also showed marked deviation in certain brain regions 
from the controls within the study duration. These indicated that 
adaptation to noise stress does not occur immediately in all the brain 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
Pp.142-148 single exposure; 

Group 3: sub-acute 
exposure – 4 h daily 
for 15 days; Group 4: 
chronic exposure – 4 h 
daily for 30 days) 

single exposure; Group 
3: sub-acute exposure – 
4 h daily for 15 days; 
Group 4: chronic 
exposure – 4 h daily for 
30 days) 
 
Outcome variables: 
Free radical scavenging 
enzyme levels in brain: 
superoxide dismutase 
(SOD), catalase, 
glutathione peroxidase 
(GPx), oxidized 
glutathione (GSSG), lipid 
peroxidation (LPO), 
reduced glutathione 
(GSH) and protein thiols 

regions 
 The noise induced alterations in free radicals may be assumed to serve 

as a linkage between the environmental noise and the manifestation of 
multifactorial diseases attributed to noise exposure 

 The brain regions associated with the neuro anatomical auditory and 
physiological stress response pathway such as hypothalamus, 
hippocampus and pons medulla show more alterations when 
compared to other regions indicating a predominant for these regions 
in determining the effects of noise stress 

 The quantification of the health effects of noise by the alterations in free 
radicals seemed inappropriate in chronic noise stress 

Weaknesses: 
 Small sample size 
 Animal subjects rather than human subjects 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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11. NOISE AND OTHER HEALTH EFFECTS 
 
11.1 Other Health Effects – 10 articles 
 

Other health effects of acute or chronic noise exposure studied include acoustic neuroma 
(Edwards et al, 2005), DNA damage (Frenzilli et al, 2004; Lenzi et al, 2003), altered respiratory 
pattern (Gomex et al, 2004), chronic bronchitis, asthma and neurodermitis (Ising et al, 2003), 
degeneration of intra and extracellular structure of brain (Chen et al, 2004), deteriorated body 
balance (Li et al, 2003), altered menstrual pattern (Wu et al, 2004), inhibited gastrointestinal 
transit (Mu et al, 2004) and reduction of brain ability for acquisition by noise exposure during fetal 
life. Major findings of these studies are summarized in Table 11.1.  
 
Since the number of studies in the literature supporting these effects is very small, evidence is 
regarded to be lacking. More studies are needed to support these findings. It should also be noted 
that the very high noise exposures reported in these studies are far from “typical” of those 
experienced in the environment (Table 11.1). 
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Table  11-1 Summary of studies on environmental noise and other health effects (10 articles) 
 

Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
014 
Edwards C G, 
Schwartzbaum J A, 
Lonn S, Ahlbom A, 
Feychting M. 2005. 
American Journal of 
Epidemiology. 163(4). 
Pp. 327-333 

Exposure to loud noise 
and risk of acoustic 
neuroma 
(US/Sweden) 

CS 146 subjects (mean 
age 52) with 
acoustic neuroma 
in Sweden; 
564 subjects (mean 
age 54) without 
acoustic neuroma 
as control 

Ruled out before study: 
ionizing radiation exposure 
due to medical treatment, 
which is regarded as a risk 
factor for acoustic neuroma 

Chronic exposure to loud 
noise (occupational and 
non-occupational) over 80 dB 
determined by interview; 
duration of loud noise 
exposure 
 
Outcome variables: 
Diagnosis of acoustic 
neuroma 

No threshold 
value presented 

 Exposures to loud noise (both occupational and non-occupational) 
were associated with an increased risk of acoustic neuroma, with the 
highest risk for participants exposed to loud noise for a duration of 
5-14 years 

 Loud noise exposure was shown to be a risk factor for acoustic 
neuroma 

Weaknesses: 
 Recall bias might exist – subjects with acoustic neuroma might be 

more aware of past loud noise exposures than the controls 
 Selection bias might exist – true effect of loud noise exposure might 

be overestimated as the response rate of subjects with acoustic 
neuroma was higher compared to that of the controls 

020 
Frenzilli G, Lenzi P, 
Scarcelli V, Fornai F, 
Pellegrini A, Soldani P, 
Paparelli A, Nigro M. 
2004. Environmental 
Health Perspectives. 
112(17). Pp. 
1671-1672 

Effects of loud noise 
exposure on DNA 
integrity in rat adrenal 
gland 
(Italy) 

ES 24 Male Wistar rats 
weighed 200-250g 

None Identified  Noise exposure: 100 dB(A) 
LAeq for 12 h 
 
Outcome variables: 
DNA damage in single cells 
dissociated from adrenal 
gland 

No threshold 
value presented 

 Loud noise exposure produced a significant loss of DNA integrity in 
the rat adrenal gland. This effect persisted almost unchanged 24 h 
after the cessation of the stimulus 

 The association between noise exposure and persisting DNA damage 
deserves further attention due to the long lasting consequences in 
terms of mutagenic and carcinogenic risk 

Weakness: 
 Small sample size  
 Animal subjects rather than human subjects 

022 
Gomex P. Danuser B. 
2004. International 
Journal of 
Psychophysiology. 53. 
Pp 91-103 

Affective and 
physiological responses 
to environmental noise 
and music  
(Switzerland) 

ES 16 men, 15 women 
aged 18 – 37 

Ruled out before study: 
coffee and alcohol drinking 

Noise type: 16 noises (52.2 – 
76.7 dB(A) LAeq) and 16 
musical fragments (58.9 – 
77.5 dB(A) LAeq) with a 
duration of 30s each 
 
Outcome variables: 
Self-assessed valence and 
arousal; Respiration 
parameters: inspiratory time 
(Ti), expiratory time (Te), 
inspiratory volume (Vi), 
expiratory volume (Ve), 
percentage of rib cage 
contribution to Vi (%RC), total 
breath duration (Ttot), 
inspiratory duty cycle (Ti/Ttot), 
mean inspiratory flow (Vi/Ti), 
minute ventilation (MV = 
Vi/Ttot*60 s min-1); Skin 
conductance level; Heart rate 

No threshold 
value presented 

 When exposed to noises, breathing of subjects accelerated and 
minute ventilation augmented with decreases in pleasantness for 
low-arousal stimuli and with increases in arousal for positive stimuli 

 When exposed to music, breathing of subjects accelerated and 
minute ventilation augmented with increases both in rated valence 
and arousal 

 Skin conductance level increased with arousal ratings for music but 
not for noises, whereas mean heart rate increased with rated arousal 
for noises but not for music 

 Although both noise and music are sound-vibrations, differences in 
the relations between affective judgments and physiological 
responses were observed suggesting differences in the processing 
of the two types of acoustic stimuli 

Weakness: 
 Small sample size 
 Not environmental noise 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
039 
Lenzi P, Frenzilli G, 
Ferrucci M, Lazzeri G, 
Fornai F, Nigro M. 
2003. Environmental 
Health Perspectives. 
111(4). Pp. 467 – 471 

DNA damage associated 
with ultrastructural 
alterations in rat 
myocardium after loud 
noise exposure  
(Italy) 

ES 24 Male Wistar rats 
weighed 200-250g 

None Identified  Noise exposure: 100 dB(A) 
LAeq for 12 h 
 
Outcome variables: 
DNA damage and 
mitochondrial alterations 
induced in the myocardium 

No threshold 
value presented 

 Exposure of loud noise for 12 h caused a significant increase of DNA 
damage, accompanied by swelling of mitochondrial membranes, 
dilution of the matrix and cristolysis. 

 Genetic and ultrastructural alterations did not decrease 24 h after the 
cessation of the stimulus 

 Genetic instability might be related to the development of 
cardiovascular diseases 

Weaknesses: 
 Small sample size 
 Animal subjects rather than human subjects 

081  
Ising H, Babisch W, 
Guski R, Kruppa B, 
Maschke C. 2003. 
Meeting Background 
Paper. WHO Technical 
Meeting on Noise and 
Health Indicators. 
Brussels, Belgium. 7-9 
April 2003 

Exposure and effect 
indicators of 
environmental noise 
(Europe) 

A Research studies 
on noise exposure 
effects on health 

Not Applicable Not Applicable No threshold 
value presented 

 Children under combined exposure to traffic related noise and air 
pollution were found to have relative risks of chronic bronchitis, 
asthma and neurodermitis, which could not be explained by air 
pollution alone 

085 
Wu Z, Yang F, Li Z. 
2004. Journal of 
Environment and 
Health. 21(2). Pp. 
91-93 

The effects of noise 
exposure on menstrual 
function of women 
(China) 

CS 175 married female 
workers of Anqing 
Textile Factory 
(exposed group) 
and 39 of urban 
community (control 
group) 

Age of marriage, body 
mass index, work age, age 
of first menstruation, shift, 
dust exposure, vibration 

Noise levels in work places: 
89.1±11.1 dB(A) LAeq in 
exposed group; 58.1±5.6 
dB(A) LAeq in control group 
 
Outcome variables: 
Menstrual cycle 

No threshold 
value presented 

 Menstrual cycle of women in higher noise exposure group 
significantly shortened compared with those of the control group 

 Significant negative correlation was observed between the noise 
exposure level and the length of menstrual cycle 

 No significant effect of noise exposure on dysmenorrhoea was 
observed 

Weaknesses: 
 Highly selected subjects 
 Not environmental noise 

091 
Chen Y, Ye L, Chen J. 
2004. Journal of 
Environment and 
Health. 21(3). Pp. 
140-143 

Effects of infrasound on 
pallium ultrastructure and 
monoamine oxidase in 
rats 
(China) 

ES 35 male SD rats 
weighed 200±10 g 

None Identified Duration of exposure to 8 Hz 
130 dB infrasound (1, 2, 3, 4 
weeks, 2 h per day) 
 
Outcome variables: 
Changes of pallium 
ultrastructure and activity of 
monoamine oxidase (MAO) 

No threshold 
value presented 

 Degeneration in all of the intra and extracellular structure of brain was 
caused by exposure to infrasound, suggesting that infrasound could 
directly damage the pallium ultrastructure non-specifically 

 Adaptation to infrasound was observed as the damage was alleviated 
to some extent in the later stage of the infrasound exposure 

Weaknesses: 
 Small sample size 
 Animal subjects rather than human subjects 

092 
Li W, Gao S, Hu C. 
2003. Journal of 
Beijing Forestry 
University. 25(3). Pp. 
100-104 

Effects of noise on body 
balance  
(China) 

ES 8 males and 8 
females 

None Identified Noise level: 80 – 95 dB(A) 
LAeq; frequency: 500 – 4,000 
Hz; exposure duration: 60 – 
120 s 
 
Outcome variables: 
Total length of body sway in 
right-left direction and in 
front-rear direction; speed of 

No threshold 
value presented 

 The effects of noise level on total length of body sway in right-left 
direction and speed of body sway were significant, and were not 
significant on those in front-rear direction. With the increasing of noise 
level the value of body sway increased, especially from 90 dB(A) 

 The effects of noise frequency on total length of body sway, speed of 
body sway, total length of body sway in right-left direction and 
front-rear direction were significant. All these parameters increased 
with noise frequency 
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Authors / source Title Design* Subjects Confounding Factors Covariates Threshold value Major findings / weaknesses 
body sway  The effects of noise exposure time were significant. The body sway 

became smaller as the lapse of exposure time for this short testing 
period, indicating that the body balance function has an adapting 
period to noise 

Weaknesses: 
 Small sample size 
 Not environmental noise 

098 
Mu Z, Huang Y, Zhao 
B. 2004. Medical 
Journal of Chinese 
PLA. 29(11). Pp. 
991-992 

Effect of sound produced 
by shooting a firearm on 
gastrointestinal transit of 
liquid food and its 
mechanism 
(China) 

ES 32 male SD rats 
weighed 200±20 g 

None Identified Noise levels of sound 
produced by firing 
sub-machine guns: 40, 80, 
120 dB(A) LAmax for 12 h 
exposure duration 
 
Outcome variables: 
Gastrointestinal transit of 
liquid food determined by the 
ratio of carbon suspension 
transmission; plasma levels 
of polypeptide hormones 

No threshold 
value presented 

 At noise level of less than 80 dB(A), the gastrointestinal transit was 
slightly inhibited. At noise level of 120 dB(A), gastrointestinal transit 
was accelerated significantly and serum levels of gastrointestinal 
hormones were remarkably increased 

 When firing sound reached a certain intensity, it would result in 
marked changes in serum levels of gastrointestinal hormones, 
together with a disorder in gastrointestinal transit of liquid food in rats 

Weaknesses: 
 Small sample size 
 Animal subjects rather than human subjects 

100 
Sarkaki A, Karami K. 
2004. Journal of 
Research in Medical 
Sciences. 6. Pp. 26-30 

Impaired learning due to 
noise stress during 
pregnancy in rats 
offspring 
(Iran) 

ES 15 Wistar pregnant 
rats and rats 
offspring 

None Identified Intermittent noise exposure 
during last two weeks of 
pregnancy period: 90-120 
dB(A) LAeq, 350 Hz in 
exposed group; Gender 
 
Outcome variables: 
Condition response in active 
avoidance learning, with 
criterion condition response 
(CCR) of 90 percent of last 
session of training 

No threshold 
value presented 

 Chronic exposure to noise during pregnancy impaired learning of 
stressed male rats offspring significantly at all sessions of training, 
while in the stressed female rats offspring the response was 
decreased significantly only at the first two sessions 

 The results suggested that high intensity and low frequency noise 
during fetal life may change physical growth parameters, neuronal 
plasticity, hormones, and neurotransmitter systems in brain resulting 
in reduction of brain ability for acquisition 

Weaknesses: 
 Small sample size 
 Animal subjects rather than human subjects 

* CS: cross-sectional survey, ES: experimental study, A: article review, L: longitudinal, M: meta-analysis 
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12. CONCLUSIONS 
 

This Report, based on literature collected, provided a summary of findings on non-auditory health 
effects of environmental noise.  
 
Annoyance and sleep disturbance were shown to be positively associated with road traffic noise 
exposure in many studies. Exposure-response curves for these two effects had been developed 
by some researchers based on large data sets from field studies. These exposure-response 
relationships could be used to estimate the prevalence of annoyance or sleep disturbance on the 
basis of noise maps.  
 
Findings for other adverse health effects, however, were found to be inconclusive. Many of the 
research works on these subjects suffered from a number of limitations and their results were 
inconclusive. A large portion of the literature reviewed focused on aircraft or other types of noise 
rather than road traffic noise. In some epidemiological studies, sample groups were highly 
selected (e.g. school children) and potential confounding factors, such as employment, smoking 
behaviour and use of acoustic insulation, which might substantially affect the results, were not 
considered. Laboratory experiments on human help us understand the effect mechanisms and 
could reveal individual reaction thresholds as the aftermath of short-term noise exposure. 
However, they only offered provisional information on the long-term effects of chronic exposure. 
Aspects of adaptation and habituation remained to a large extent unconsidered. Laboratory 
environment might also influence the acceptance of noise stimulation by the test persons, thus 
limiting the reliability of the results. Results from animal experiments were also not reliable. The 
extrapolation to effects in human involved strong assumptions regarding the relation between 
effects in animals and effects in human, and strong assumptions regarding the relation between 
effects of high exposures in a relatively short time interval and effects of long term low exposures.  
 
To have a better understanding of non-auditory health effects of environmental noise, more 
large-scale epidemiological studies are required to include common measurement of noise 
exposure and health outcomes on sample groups that are representative of the general 
population. More attention should be paid to considering confounding factors and effect modifiers 
in the associations between noise and health. Longitudinal intervention and exposure-response 
studies are necessary to confirm and extend the evidence from cross-sectional studies. 
 
On recent development of assessment methodology of noise-related health outcomes, the WHO 
is working on development of methodology on the assessment of burden of disease from 
environmental noise. Due to the numerous outcomes and apparently complicated causal 
pathways involved in environmental noise exposure and its health effects, quantification of 
disease burden is not straightforward. It is noted that the WHO European Centre for 
Environmental and Health has initiated study to estimate the burden of disease related to general 
population’s environmental noise exposure 
(http://www.euro.who.int/Noise/activities/20021203_3). The study is being conducted through 
series of expert’s working groups. The WHO has proposed to assess disease burden in terms of 
Disability-Adjusted Life Year (DALY) to combine the disease burden due to death and disability in 
a single index, which represents the burden for selected risk factors that could be prevented if the 
particular exposure were removed. Use of DALY allows comparing with the disease burden 
associated with different environmental risk factors. The WHO will release more information of the 
study report. 
 
This Report provides a summary of available findings of non-auditory health effects caused by 
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environmental noise. However, the subject of effects of noise on health is a very “active” field, with 
considerable ongoing research, and new results all the time. It is suggested to keep an eye on this 
area when updating the development of the overseas studies in the subject. 
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PART II 
 
 

PILOT SCALE NOISE ANNOYANCE SURVEY 
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13. INTRODUCTION 
 

As part of the additional work for the Main Study, a pilot noise survey was conducted in all the 
24-hr noise measurement sites which were identified in the Main Study. The objectives were to 
collect additional information on the attitudes of the occupants towards environmental noise and to 
evaluate any correlations between noise exposure and various non-auditory effects such as 
annoyance, self-reported sleep disturbance, chronic illnesses, etc.  One complete survey was 
carried out on each of the two occupants in each identified premises. A total of 80 surveys were 
completed. The data collected were then analyzed and compared with overseas studies. This 
work served as a pilot study to assess the feasibility of conducting a large-scale noise annoyance 
survey in Hong Kong.  
 

14. SCOPE 
 

The scope of the pilot study includes: 
 
a) To propose a noise annoyance survey with reference to well-recognized and/or established 

methodologies and collect additional information of attitudes of occupants in all the 24-hr 
noise measurement sites identified in the Main Study, in relation to evaluation of various 
non-auditory effects caused by environmental noise, including effects such as noise 
annoyance and self-reported sleep disturbance, etc. 

 
b) To analyze and report the findings collected in (a) together with the noise measurement 

results, with reference to overseas practice and established methodologies. The results 
were scored and ranked in terms of self-reported adverse health effects and annoyance, 
and these scores were compared with the external and internal measured noise levels to 
determine any exposure-response relationships. These findings were also compared with 
the results of similar studies carried out overseas.  
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15. METHODOLOGIES 
 
15.1 Preparation of questionnaire 
 

Major steps for preparing the questionnaire are as follow: 
 Determination of sampling group 
 Design of questionnaire 
 Administration of questionnaire and interview 
 Interpretation of survey results 

 
As mentioned in Section 13, the main objective of the survey is to establish the relationship 
between noise exposure and noise annoyance as well as other health aspects. The sampling 
group is the occupants in all the 24-hr noise measurement sites from the Main Study.  
 

15.2 Questionnaire design 
 

The questionnaire was designed with reference to the UK National Noise Attitude Survey 
1999/2000 (Ling et al, 2002) as well as ISO/TS 15666:2003 Acoustics – Assessment of Noise 
Annoyance by Means of Social and Socio-acoustic Surveys (ISO, 2003). The ISO Standards were 
purposely developed for use in surveys conducted in domestic places on noise annoyance. 
Sample questions, response scales and key aspects for conducting the survey were set in order to 
achieve the best interpretability on the survey findings. The Standards outlined the suggested 
sample questions, response scales, key aspects of conducting a survey and the reporting of 
results. 

    
The questionnaire is modular in nature. Under the Main Section, there are different sections 
focusing on specific noise sources. The strength of a modular questionnaire tool is that it is 
possible to use it for specific surveys. For example the Main Section could be used independently 
of the other sections to establish a broad response of a population to environmental noise, whilst 
just use of the road traffic noise supplementary questionnaire, for example, could be utilized on a 
targeted basis to establish response to road traffic noise. The structure and sections of the 
questionnaire are shown in Figure 15.1 and the general categories and specific types of noise 
source are shown in Table 15.1. 
 
Figure  15-1 Structure and major sections of the questionnaire 

 
Main 

Road Traffic Noise  

Railway Noise  

Aircraft Noise  

Noise from Home  

Noise from Neighbour or Other People 
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Other Selected Noises  
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Table  15-1 General categories and specific type of noise source 
 

Category of noise  Specific noise type 
Road Traffic Noise Road types (expressways, other dual carriageway 

roads, single carriageway main roads), 
residential/estate roads/country lanes), vehicle types 
(heavy lorries, smaller lorries, delivery vans, 
buses/coaches, private cars/taxis, motor bikes, 
police/other sirens) 

Railway Noise Passenger trains, goods trains, station (loudspeakers 
etc), railway/track maintenance 

Aircraft Noise Commercial airliners, private light aircraft, 
private/commercial helicopters, government helicopters 

Noise inside Homes Radio, TV, music, children, conversations, parties, pets, 
footsteps, musical instrument, Mahjong, domestic 
equipment (vacuum cleaners etc), DIY (hammering, 
drilling etc) 

Noise from Neighbours Noise produced from neighbours through building 
structures: Radio, TV, music, children, conversations, 
parties, pets, footsteps, musical instrument, Mahjong, 
domestic equipment (vacuum cleaners etc), DIY 
(hammering, drilling etc) 

Noise from Other People 
Nearby 

Airborne noise produced from neighbours: 
Radio, TV, music, children, conversations, parties, pets, 
footsteps, musical instrument, Mahjong, domestic 
equipment (vacuum cleaners etc), DIY (hammering, 
drilling etc) 

Noise from Factories or 
Machinery 

 

Noise from Building, 
Constructions, etc 

 

Noise from Sport Events Football matches, playing fields, racing, water sports, 
shooting etc. 

Noise from Commercial 
Premises 

Depots, garages, shops, superstores, shopping malls 

Noise from Entertainment or 
Leisure 

Discos, clubs, pubs, fairgrounds, restaurants 

Noise from Refuse 
Collection Points 

 

Noise from Container 
Back-up Site 

 

Noise from Fireworks  
Noise from 
Substations/Pumping 
Stations or Utility Facilities 

 

Noise from Schools  
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Each supplementary questionnaire section breaks the noise sources category into specific noise 
sources. A two-stage filter was used. The first (Q4, Section 4) was used to establish the extent to 
which the respondents were bothered, annoyed or disturbed. The second (Q5, Section 4) was 
used to establish a ranking of the sources. The respondents were then asked to complete the 
supplementary questionnaires for the three highest-ranking noise sources. 
 
Section 1 is dwelling location which should be completed by interviewers. They should assess any 
noticeable noise from specific noise sources and the nature of area at which the dwellings were 
located. These provide supplementary information on possible noise sources for the dwellings 
investigated. 
 
Section 2 and 3 determine the respondent details as well as the dwelling information. They contain 
questions about respondents’ gender, age, occupation, length of period staying at home, type of 
dwelling, use of double glazing, habit of opening windows and using air-conditioning, satisfaction 
with the dwelling and the nearby surroundings. The purposes of these questions are to investigate 
any confounding factors affecting noise annoyance of respondents. 
 
Section 4 contains questions about annoyance by environmental noise and self-reported noise 
sensitivity. In accordance with the recommendations provided by the ISO specifications (ISO, 
2003), a question on noise annoyance was asked: “Thinking about the last 12 months or so, when 
you are at home, how much are you bothered, disturbed, or annoyed by noise?” (Q1, Section 4). 
Subjects were asked to respond with one of the following options: Extremely, Very, Moderately, 
Slightly or Not at all. An important methodological shortcoming to the verbal scale is that the 
response categories do not necessarily engender the same meaning between individuals. As a 
way of checking this possibility the ISO specifications suggest that a second question with a 
numerical scale be used to validate the response obtained to the first question. Thus, in this 
survey the verbal question is followed by the question: “Thinking about the last 12 months or so, 
when you are at home, what number from zero to ten best shows how much you are bothered, 
disturbed, or annoyed by noise?” (Q3, Section 4). Prior to asking this question, the interviewer 
indicated to the respondent that zero is equivalent to “Not At All Bothered” and ten is equivalent to 
“Extremely Bothered”. In the survey, the choice ‘N/A’ is provided in case the respondents were 
unwilling to provide the most appropriate answers. In addition to these, a question was also asked 
to evaluate the subject’s sensitivity to noise. Following these questions, as mentioned above, are 
two filter questions that identify the three highest-ranking noise sources (Q4 and Q5, Section 4). 
 
Section 11 aims to provide data from which we might establish a relationship between noise 
exposure and health effects. It contains questions on sleep disturbance by noise and the use of 
medication for sleep problems. It also contains questions asking if respondents have chronic 
illnesses and symptoms and whether they have taken any medication for the illnesses.  
 
The purpose of the subsections (Section 5 to 9) is to establish response to specific noise sources. 
The subsections are to be completed if that particular noise source is classified as one of the three 
most annoying sources by the subjects (Q5, Section 4). Details of the flow of each subsection are 
demonstrated in Figures 15.2 to 15.8. 
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Figure  15-2 Flow of the main section of the questionnaire 
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Figure  15-3 Flow of the road traffic noise section of the questionnaire 
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Figure  15-4 Flow of the railway noise/aircraft noise sections of the questionnaire 
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Figure  15-5 Flow of the noise from home section of the questionnaire 
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Figure  15-6 Flow of the noise from neighbours and other people nearby sections of the 
questionnaire 
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Figure  15-7 Flow of the other selected noise section of the questionnaire 
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Figure  15-8 Flow of the sleep disturbance and health effects section of the questionnaire 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix B provides a sample format of the questionnaire. 

Q1, Section 11 
Sleeping time 

Q2-Q5, Section 11 
Sleep disturbance and 

medication for sleep problems 

Q6, Section 11 
Diagnosis of chronic illnesses and 

use of medication 

Q7, Section 11 
Prevalence of physiological and 

psychological symptoms 
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15.3 Survey at identified residential premises 
 

Face-to-face interviews at the target premises were carried out during the period 3 June to 18 July 
2006. Two premises from each of the twenty area categories shown in Table 15.2 were identified 
and two occupants from each premise were interviewed during the visit, with questions focussed 
on the existing noise sources, their living habits and feeling towards the noise etc.   
 
The interviewers had followed the recommendations stated in ISO/TS 15666, in particular to the 
questions on noise annoyance.  It was suggested that some guiding questions should first be 
asked before obtaining their degree of annoyance towards noise exposure.  For instance, the 
length of residence, home staying period, living habits and types of noise affected.  They were 
instructed to ask the prepared questions in exact wordings as written on the form and to 
encourage the respondents to answer all questions based on the given options. 
 
 
Table  15-2 Categorization of different areas according to their physical locations and the 

degree affected by influencing factors (IF) 
 

Indirectly affected Directly affected Degree to which the 
residential  premises  is 

affected by IF 
 

Types of area 
 

Not 
affected By major 

road 
By 

industrial 
area 

By major 
road 

By 
industrial 

area 

Rural area, including country parks or 
village type developments NE01 NE02 NE03 NE04 NE05 

Low density residential area 
consisting of low-rise or isolated high 
rise developments 

NE06 NE07 NE08 NE09 NE10 

Urban area NE11 NE12 NE13 NE14 NE15 

Areas other than those above NE16 NE17 NE18 NE19 NE20 
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15.4 Assessment methodology 
 
15.4.1 Software for statistical analysis 

 
The computer program SPSS was utilized to perform the statistical analysis involved in this survey.  
SPSS is a statistical and data management package which provides a broad range of capabilities 
for the entire analytical process and is widely applied in social science research studies. 
 

15.4.2 Reliability of annoyance scale 
 
In the survey, two questions (Q1 and Q3, Section 4) with two scales, namely verbal and numerical, 
were asked to determine subjects’ noise annoyance as recommended by ISO/TS 15666. To check 
for the reliability of the noise annoyance scales, the correlation coefficient between these two 
scales was determined (Michaud et al, 2005). The numerical scale was collapsed according to the 
following breakpoints: 0+1 = Not At All; 2+3 = Slightly; 4+5+6 = Moderately; 7+8 = Very and 9+10 
= Extremely.  
 

15.4.3 Associations between noise exposure and various factors 
 
In order to determine the associations between noise exposure and various factors or effects, 
several statistical methods were utilized as follow: 
 
Noise exposure and noise annoyance 
Twenty-four hour noise levels were measured in each of the 40 subject dwellings and the 
self-reported noise annoyance of the subjects were determined (Q3, Section 4). The correlation 
between noise levels in terms of LAeq,24h and Lden and noise annoyance were determined by using 
the Spearman rank correlation test. The p<0.05 level was used as the level of statistical 
significance. Since the annoyance scales are ordinal, non-parametric method should be used for 
determining the correlations between these two parameters. Spearman rank correlation test is a 
non-parametric method that studies the degree of association between two variables which are at 
least an ordinal level of measurement. The correlation is regarded as weak if the Spearman’s rank 
coefficient (Spearman’s rho) ranges between 0 and 0.5, and is regarded as strong if the 
Spearman’s rho ranges between 0.5 and 1.  
 
Noise exposure and sleep disturbance 
The association between noise exposure and sleep disturbance was determined by using the 
Spearman rank correlation test that analyzed the LAeq,24, Lden and LAeq,23-7h and the self-reported 
sleep disturbance (Q2, Section 11) as well as awakening (Q3, Section 11). Since the sleep 
disturbance scales are ordinal, non-parametric method should be used for determining the 
correlations between these two parameters. The p<0.05 level was used as the level of statistical 
significance. Spearman rank correlation test is a non-parametric method that studies the degree 
of association between two variables which are at least an ordinal level of measurement. The 
Spearman rank coefficients for the correlation between LAeq,24h and sleep disturbance as well as 
awakening could be compared with those in Sweden reported by Öhrström (2004). 
 
Noise exposure and prevalence of chronic illnesses 
The outdoor noise levels (LAeq,24h and Lden) of the studied dwellings were classified in groups of 5 
dB from less than 55 dB(A) to above 70 dB(A). The correlations between outdoor noise levels and 
prevalence of chronic illnesses were then determined by logistic regression on the diagnosis of 
the chronic illnesses (Q6, Section 11). The odds ratios for each chronic illness adjusted for 
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confounding factors such as age, occupation, etc. are presented. However, some potential 
confounders, e.g. smoking history, body mass index, which were not determined in the survey, 
were not taken into account in the statistical analysis. The p<0.05 level was used as the level of 
statistical significance. Logistic regression allows one to explore the correlations of a set of 
variables that may be continuous, discrete, dichotomous, or a mix of any of these. This method 
has been utilized for evaluating the relationships between outdoor equivalent traffic noise level 
and diagnosis of hypertension by Bluhm et al (2006) and for evaluating the relationships between 
aircraft noise level and hypertension by Rosenlund et al (2001). 
 
Noise exposure and use of double glazing 
The outdoor noise levels (LAeq,24h and Lden) of the studied dwellings were classified in groups of 5 
dB from less than 55 dB(A) to above 70 dB(A). The correlations between outdoor noise level and 
the use of double glazing (Q5, Section 3) were planned to be determined by logistic regression. 
However, it was found that among the 40 premises studied, only one had double-glazing windows 
installed. Determination of such correlations was infeasible and therefore not conducted. 
 
Noise annoyance and prevalence of chronic illnesses 
Noise annoyance of the subjects was determined by Q3, Section 4. To determine the correlations 
between noise annoyance and prevalence of chronic illnesses, subjects with annoyance scores 
0-2 were classified as “Not Annoyed”, subjects with annoyance scores 3-6 were classified as 
“Moderately Annoyed”, and subjects with annoyance scores 7-10 were classified as “Strongly 
Annoyed”. The relationships between noise annoyance and prevalence of chronic illnesses were 
examined by logistic regression. The odds ratios for each chronic illness adjusted for confounding 
factors such as age, occupation, etc. are presented. However, some potential confounders, e.g. 
smoking history, body mass index, which were not determined in the survey, were not taken into 
account in the statistical analysis. The p<0.05 level was used as the level of statistical significance. 
Logistic regression allows one to explore the correlations of a set of variables that may be 
continuous, discrete, dichotomous, or a mix of any of these. This method has been utilized for 
evaluating the relationships between general traffic noise annoyance and diagnosis of chronic 
diseases for adults by Niemann et al (2004). 
 
It should be noted that the statistical analysis mentioned above is preliminary and the results are 
subject to further investigation and control of error sources, as the current survey is of pilot and 
small scale. 

 
15.4.4 Exposure-response relationship between noise exposure and annoyance by road traffic noise 

 
Exposure-response relationships between transportation noise and annoyance were developed 
by Working Group 2 Dose/Effect (the Working Group) which was formed by the European 
Communities in 2002. By analyzing a large number of studies and surveys, the Working Group 
developed several descriptors of noise exposure and of annoyance, dose–effect curves together 
with formulae for the estimation of the number of annoyed persons or highly annoyed persons, 
given the noise exposure of their dwellings. 
 
The main descriptors necessary for the development of the exposure-response relationship are 
the noise exposure and the annoyance score of the subjects. For the descriptor of noise exposure, 
Lden was recommended by the Working Group. It is defined in terms of the “average” levels during 
daytime, evening, and night-time, and applies a 5 dB penalty to noise in the evening and a 10 dB 
penalty to noise at night. The definition is as follows:  
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Lden = 10log[(12/24)*10LD/10 + (4/24)*10(LE+5)/10 + (8/24)*10(LN+10)/10] 
 
LD,  LE and LN are the A-weighted long term LAeq as defined in ISO 1996-2 (1987) for the day 
(7-19h), evening (19-23h), and night (23-7h) determined over the year at the most exposed 
façade. 
 
A common type of measure of annoyance is the percentage of people with noise exposure Lden 
whose annoyance exceeds a certain annoyance C. It was recommended that the percentage of 
persons annoyed [%A] and the percentage of persons highly annoyed [%HA] be used as the 
descriptors of noise annoyance in a population with cut-off at the scale value of 50 and 72, 
respectively.  
 
A specific procedure was applied to the distribution of annoyance responses if the annoyance 
question was preceded by a “filter” question (e.g. Do you hear the noise from road traffic? – never, 
sometimes, often, always) on the basis of which the annoyance question was skipped for some 
respondents (e.g. those who answered “never”). The respondents who skipped the annoyance 
question were assumed to have low annoyance and were assigned to the lowest annoyance 
category. 
 
The polynomial approximations of the relationships for road traffic noise developed by the Working 
Group are shown in Figure 15.9 and as follows:  
 

Road traffic:  %A = 1.795*10-4(Lden-37)3 + 2.110*10-2(Lden-37)2 + 0.5353(Lden-37); 
%HA = 9.868*10-4(Lden-42)3 – 1.436*10-2(Lden-42)2 + 0.5118(Lden-42); 

 
The objectives of this Study are to conduct a preliminary study on such relationship specific to 
Hong Kong and to compare it with its international counterpart. In the noise annoyance survey 
study, for the subjects who regarded road traffic noise as one of the three noise sources that 
bother, annoy or disturb them the most (Q5, Section 4), they were asked to score the intensity of 
how they are bothered, disturbed or annoyed by this noise source (Q6, Section 5) on a 0 to 10 
scale basis, where 0 represents “Not bothered at all”, and 10 represents “Extremely bothered”. 
This 11-categories annoyance scale was then transformed to a 0 to 100 basis according to 
Miedema et al (1998). Cut-off at scale values of 50 and 72 were used for %A and %HA, 
respectively, with reference to the European Communities (2002). Respondents who did not reply 
road traffic noise as one of the three most annoying sources (Q5, Section 4) were regarded as 
neither “Annoyed” nor “Highly Annoyed” and zero annoyance scores were assigned to them. 
Those who regarded road traffic noise as one of the three most annoying sources in Q5, Section 4, 
but did not reply the road traffic noise annoyance question (Q6, Section 5) were excluded from the 
analysis. Figure 15.10 shows the logical flow of the survey for analysis of exposure-response 
relationships between outdoor noise levels and road traffic noise annoyance. 
The respondents were categorized into four noise exposure groups (56-60dB(A), 61-65dB(A), 
66-70dB(A), 70-75dB(A)) according to the noise exposure levels (Lden) recorded previously in the 
Main Study, and the relationships were then examined by plotting %A and %HA against noise 
exposure level and was compared with the exposure-effect curves established by the Working 
Group. 
 
Details of transforming the 11-categories annoyance scale to a 0 to 100 basis and sample 
calculations for determination of %A and %HA in each noise exposure group are provided in 
Appendix A. 
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Figure  15-9 The percentage of annoyed persons (%A) and highly annoyed persons (%HA) as a 

function of road traffic noise exposure of the dwelling (Lden). The solid lines are the 
estimated curves, and the dashed lines are the polynomial approximations. The 
figure also shows the 95% confidence intervals (dotted lines) (European 
Commission, 2002).  
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Figure  15-10 Logical flow of noise survey for analysis of exposure-response relationship 

between outdoor noise levels and road traffic noise annoyance 
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15.4.5 Exposure-response relationships between outdoor noise level and sleep disturbance by road 
traffic noise 
 
Exposure-response relationships between nighttime transportation noise (road traffic and railway) 
and self-reported sleep disturbance were developed by Miedema et al (2003) by analyzing the 
European datasets in the comprehensive archive of the Netherlands Organization for Applied 
Scientific Research (TNO). Exposure-response curves together with formulae for the estimation of 
the number of (at least) a little sleep disturbed, sleep-disturbed and highly sleep-disturbed 
persons, given the nighttime noise exposure of their dwellings, were presented. 
 
The main descriptors necessary for the development of the exposure-response relationship were 
the noise exposure and the self-reported sleep disturbance score of the subjects. For the 
descriptor of noise exposure, Lnight was used. Lnight is defined as the A-weighted average sound 
level, LAeq over a year for the period 2300 - 0700h at the façade of a dwelling with the highest Lden. 
 
It was recommended that the percentage of persons “(at least) a little sleep disturbed” [%LSD], the 
percentage of persons “sleep disturbed” [%SD], and the percentage of persons “highly sleep 
disturbed” [%HSD] be used as the descriptors of sleep disturbance in a population. The 
descriptors of sleep disturbance were derived from transforming various sleep disturbance scales 
to a 0 to 100 basis and using cut-off values of 28 for %LSD, 50 for %SD, and 72 for %HSD. 
 
The polynomial approximations of the relationships for road traffic noise developed are shown in 
Figure 15.11 and as follow: 
 

Road traffic: %HSD = 20.8 – 1.05Lnight + 0.01486Lnight2 
   %SD = 13.8 – 0.85Lnight + 0.01670Lnight2 

 %LSD = -8.4 + 0.16Lnight + 0.01081Lnight2 

 
The curves were based on data on the Lnight range 45-65 dB(A). The polynomial functions are 
close approximations of the curves in this range. According to the authors, low exposure level 
(Lnight < 45 dB(A)) were excluded from the analyses because in general the assessment of those 
levels was relatively inaccurate and in situations with these low levels other sources might be 
more important. High exposure levels (Lnight > 65 dB(A)) were excluded because in areas with very 
high exposures there was a relatively high risk of self-selection of persons not bothered by noise. 
They represent the currently best estimates of the influences of Lnight on self-reported sleep 
disturbance for road traffic noise, when no other factors are taken into account. 
 
The exposure-response relationship between exposure to road traffic noise and sleep disturbance 
was evaluated. The data obtained from noise exposure measurements at the most exposed 
façade and sleep disturbance were compared with this developed exposure-response 
relationship. 
 
The objectives of this were to conduct a preliminary study on such relationship specific to Hong 
Kong and to compare it with its international counterpart. Since the sleep disturbance question 
was asked on the main section of the questionnaire, another specific procedure was adopted to 
retrieve information of the respondents who were disturbed by road traffic noise at night. In the 
noise annoyance survey study, subjects were asked to score the intensity of how their sleep are 
affected by noise (Q2, Section 11) on a 0 to 10 scale basis, where 0 represents “Not at all”, and 10 
represents “Very seriously”. This sleep disturbance scale was then transformed to a 0 to 100 basis 
and %LSD, %SD and %HSD were calculated in a similar approach to that for calculations for %A 
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and %HA as mentioned in Section 15.4.4 with cut-offs at scale values of 28, 50 and 72, 
respectively. Respondents who did not reply road traffic noise as the most annoying noise source 
(Q5, Section 4) were assumed to have no sleep disturbance by this noise source. Respondents 
who replied that road traffic noise as the most annoying noise source (Q5, Section 4), but did not 
think road traffic noise was particularly annoying at night during both weekdays (Q4, Section 5) 
and weekends (Q5, Section 5) were also assumed to have no sleep disturbance by this noise 
source. Zero sleep disturbance scores were assigned to respondents who have “no sleep 
disturbance by road traffic noise”. Those who regarded road traffic noise the most annoying 
source (Q5, Section 4) but did not reply the sleep disturbance question (Q2, Section 11) were 
excluded from the analysis. The logical flow of the survey for the analysis of exposure-response 
relationship between outdoor noise levels and sleep disturbance by road traffic noise is shown in 
Figure 15.12. 
 
The respondents were categorized into four noise exposure groups (46-50dB(A), 51-55dB(A), 
56-60dB(A), 61-65dB(A)) according to the noise exposure levels (Lnight) recorded previously in the 
Main Study, and the relationship was then investigated by plotting %LSD, %SD and %HSD 
against noise exposure levels. Noise levels lower than 45 dB(A) or greater than 65 dB(A) were 
excluded. 
 
 
Figure  15-11 The relationships between Lnight (outside at the most exposed façade) and three 

sleep disturbance measures (%LSD, %SD and %HSD) (solid lines) and their 95% 
confidence intervals (broken lines) for road traffic (Miedema et al, 2003).  
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Figure  15-12 Logical flow of noise survey for analysis of exposure-response relationships 

between outdoor noise levels and sleep disturbance by road traffic noise  
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15.4.6 Exposure-response relationships between indoor noise level and sleep disturbance by road traffic 
noise 
 
Exposure-response relationships between exposure to road traffic noise during sleep and 
self-reported sleep disturbance were developed by Kabuto (2002) by a cross-sectional study on 
randomly selected 2,555 housewives in Kyoto, Japan. Exposure-response relationships between 
noise exposure and sleep disturbance were determined by linear regression.  
 
The main descriptors necessary for the development of the exposure-response relationship are 
the noise exposure and the self-reported sleep complaints of the subjects. For the descriptor of 
noise exposure, Leq(sleep) was used. Leq(sleep) is defined as energy-averaged level of the 
Leq(10min) values measured near their heads in their own bedrooms when the subjects were 
sleeping on the time study record. 
 
To determine the sleep disturbance, the subjects were asked five yes-no questions: “Woken up by 
road traffic noise?” (Comp.1); “Keep windows closed at night to avoid annoying sounds?” (Comp. 
2); “Can’t sleep well?” (Comp. 3); “Difficult to fall asleep?” (Comp. 4); and “Sometimes taking sleep 
drugs?” (Comp. 5). The percentage of yes-response of these questions were plotted against the 
Leq(sleep) values. Linear relationships with different statistical significance were obtained for the 
Leq(sleep) values and the percentage yes-response rate of Comp. 1, Comp. 2, Comp. 3 and Comp. 
5, as shown in Figure 15.13, when no other factors were taken into account. 
 
In the current Study, sleep disturbance (Q2, Section 11), awakening (Q3, Section 11), and use of 
medication for sleep problems (Q4, Section 11) related to road traffic noise were determined. 
Respondents who did not reply road traffic noise as the most annoying noise source (Q5, Section 
4), and those who did not think road traffic noise was particularly annoying during both weekdays 
(Q4, Section 5) and weekends (Q5, Section 5) were regarded to have “No” response to these 
three questions. They were categorized into five noise exposure groups (41-45dB(A), 46-50dB(A), 
51-55dB(A), 56-60dB(A), 61-65dB(A) according to the indoor noise exposure levels (LN, the 
A-weighted long-term average sound level determined over the night period from 2300h to 0700h 
at 15 minute intervals in subjects’ bedrooms) recorded previously in the Main Study. Respondents 
with sleep disturbance score of 5 or above were regarded as “Can’t Sleep Well” (i.e., “Yes” 
response to Comp. 3) and those who replied they were awakened by noise “Once a month”, 
“Once a week”, “Several times a week” and “Almost everyday” were classified as “Woken Up by 
Noise” (i.e., “Yes” response to Comp. 1). Figure 15.14 shows the logical flow of the survey for the 
analysis of exposure-response relationships between indoor noise levels and sleep disturbance 
by road traffic noise. 
 
The yes-response rate of these questions within each noise exposure group were then plotted 
against noise exposure levels and compared with the relationships obtained by Kabuto (2002) for 
Comp. 3, Comp. 1 and Comp. 5, respectively. 
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Figure  15-13 Correlations between mean Leq(sleep) level and percentage of yes-responses for 
sleep-related complaints (Kabuto, 2002).  

 

 
 
 



Environmental Protection Department  
Tender No. NP03-055 
Additional Work for A Comparative Study of Noise Levels in Hong Kong 

Scott Wilson Ltd 
 

November 2007 
 

 

 
  Final Report 130  

Figure  15-14 Logical flow of noise survey for analysis of exposure-response relationship 
between indoor noise levels and sleep disturbance by road traffic noise 
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16. RESULTS AND DISCUSSIONS 
 
16.1 Demographic characteristics  
 

Two occupants from each of the forty 24-hr measurement premises in the Main Study were 
interviewed in the pilot survey. There were totally 80 subjects. An overall response rate of 100% 
was obtained. The subjects included 35 females and 45 males, most of who were aged between 
30 and 49, with full-time job and had been living in the premises for over five years. To clearly 
show the distribution of noise exposure of these dwellings, the subjects were grouped into 
different clusters, namely “  55 dB(A)”, “56-60 dB(A)”, “61-65 dB(A)”, “66-70 dB(A)” and “> 70 
dB(A)”, according to their noise exposure in terms of LAeq,24h measured at the most exposed 
façade of the dwelling. It was observed that most of the subjects were exposed to noise levels of 
56-60, 61-65 and 66-70 dB(A) (22.5%, 35.0% and 25.0%, respectively). Only one dwelling (i.e. 
two subjects) studied was exposed to noise over 70 dB(A). Figure 16.1 demonstrates the 
distribution of the premises with respect to noise levels in terms of LAeq,24h and Lden. The 
socio-demographic characteristics of the subjects, which were determined in Section 2 of the 
questionnaire, are presented in Table 16.1. 
 
 
Figure  16-1 Distribution of noise exposure levels of the studied dwellings (N=40) 
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Table  16-1 Socio-demographic characteristics of subjects in the noise survey 
 

Noise Exposure LAeq,24h 
 55dB(A) 56-60dB(A) 61-65dB(A) 66-70dB(A) > 70dB(A) 

Total 
 Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion 
Female 6 7.5% 7 8.8% 14 17.5% 7 8.8% 1 1.3% 35 43.8% Gender 

(Q1, S2) Male 6 7.5% 11 13.8% 14 17.5% 13 16.3% 1 1.3% 45 56.3% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 

17-19 3 3.8% 1 1.3% 1 1.3% 1 1.3% 0 0.0% 6 7.5% 
20-29 2 2.5% 1 1.3% 5 6.3% 4 5.0% 0 0.0% 12 15.0% 
30-39 4 5.0% 4 5.0% 5 6.3% 8 10.0% 0 0.0% 21 26.3% 
40-49 2 2.5% 8 10.0% 7 8.8% 3 3.8% 0 0.0% 20 25.0% 
50-59 0 0.0% 3 3.8% 3 3.8% 3 3.8% 0 0.0% 9 11.3% 
60-69 1 1.3% 1 1.3% 6 7.5% 1 1.3% 2 2.5% 11 13.8% 

Age 
(Q2, S2) 

70+ 0 0.0% 0 0.0% 1 1.3% 0 0.0% 0 0.0% 1 1.3% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 

Complete 
primary 
school 

3 3.8% 5 6.3% 12 15.0% 4 5.0% 2 2.5% 26 32.5% 

Complete 
secondary 
school 

6 7.5% 6 7.5% 10 12.5% 14 17.5% 0 0.0% 36 45.0% 

Matriculated / 
post 
secondary 

3 3.8% 2 2.5% 2 2.5% 2 2.5% 0 0.0% 9 11.3% 

Education 
(Q3, S2) 

College level 
or above 

0 0.0% 5 6.3% 4 5.0% 0 0.0% 0 0.0% 9 11.3% 

Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 
Full time 6 7.5% 12 15.0% 16 20.0% 14 17.5% 0 0.0% 48 60.0% 
Part time 0 0.0% 0 0.0% 0 0.0% 1 1.3% 0 0.0% 1 1.3% 
Retired 0 0.0% 2 2.5% 5 6.3% 1 1.3% 1 1.3% 9 11.3% 
Unemployed 0 0.0% 0 0.0% 1 1.3% 2 2.5% 0 0.0% 3 3.8% 
Student 3 3.8% 1 1.3% 2 2.5% 1 1.3% 0 0.0% 7 8.8% 

Employment 
(Q4, S2) 

Housewife 3 3.8% 3 3.8% 4 5.0% 1 1.3% 1 1.3% 12 15.0% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 

2 – 5  0 0.0% 2 2.5% 8 10.0% 2 2.5% 0 0.0% 12 15.0% Year of 
residence 
(Q6, S2) 

5+ 12 15.0% 16 20.0% 20 25.0% 18 22.5% 2 2.5% 68 85.0% 

Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 
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16.2 Dwelling information and living habits 
 
Table 16.2 shows the dwelling information and living habits of the subjects which were asked in Section 2 
and Section 3 of the questionnaire. It could be observed that all of the dwellings did not have 
double-glazing windows installed, except one (i.e. two subjects) which was exposed to noise level of 56-60 
dB(A) LAeq,24h. Most of the subjects had their windows opened for different durations, and a large portion of 
them (45.0%) with air-conditioning on for nine to 16 hours in summer. In both weekdays and weekends, 
most of them (86.3% and 70.0%, respectively) spent nine to 16 hours at home.  
 
Table  16-2 Dwelling information and living habits of subjects in the noise survey 

Noise Exposure LAeq,24h 
 55dB(A) 56-60dB(A) 61-65dB(A) 66-70dB(A) > 70dB(A) Total 

 Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion 
Rented 0 0.0% 2 2.5% 10 12.5% 2 2.5% 0 0.0% 14 17.5% Owned/ 

Rented 
Home  
(Q2, S3) 

Owned 12 15.0% 16 20.0% 18 22.5% 18 22.5% 2 2.5% 66 82.5% 

Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 
201 – 400 0 0.0% 2 2.5% 6 7.5% 0 0.0% 2 2.5% 10 12.5% 
401 – 600 10 12.5% 6 7.5% 16 20.0% 14 17.5% 0 0.0% 46 57.5% 
601 – 800 2 2.5% 4 5.0% 4 5.0% 6 7.5% 0 0.0% 16 20.0% 
801 – 1000 0 0.0% 0 0.0% 2 2.5% 0 0.0% 0 0.0% 2 2.5% 
1001 – 1500 0 0.0% 4 5.0% 0 0.0% 0 0.0% 0 0.0% 4 5.0% 

Size (ft2) 
(Q3, S3) 

1500+ 0 0.0% 2 2.5% 0 0.0% 0 0.0% 0 0.0% 2 2.5% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 

Before 1960 6 7.5% 0 0.0% 4 5.0% 2 2.5% 2 2.5% 14 17.5% 
1960-1970 2 2.5% 2 2.5% 2 2.5% 0 0.0% 0 0.0% 6 7.5% 
1971-1980 0 0.0% 8 10.0% 6 7.5% 2 2.5% 0 0.0% 16 20.0% 
1981-1990 0 0.0% 4 5.0% 6 7.5% 14 17.5% 0 0.0% 24 30.0% 
1990-2000 4 5.0% 4 5.0% 6 7.5% 2 2.5% 0 0.0% 16 20.0% 

Year built 
(Q4, S3) 

After 2000 0 0.0% 0 0.0% 4 5.0% 0 0.0% 0 0.0% 4 5.0% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 

No 12 15.0% 16 20.0% 28 35.0% 20 25.0% 2 2.5% 78 97.5% Double 
glazing 
(Q5, S3) 

Yes 0 0.0% 2 2.5% 0 0.0% 0 0.0% 0 0.0% 2 2.5% 

Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 
Never 4 5.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 4 5.0% 
1 – 8 7 8.8% 10 12.5% 6 7.5% 6 7.5% 2 2.5% 31 38.8% 
9 – 16 1 1.3% 4 5.0% 7 8.8% 6 7.5% 0 0.0% 18 22.5% 
17 – 24 0 0.0% 2 2.5% 12 15.0% 2 2.5% 0 0.0% 16 20.0% 

Daily window 
opening 
duration (h) 
(Q6, S3) 

Varies 0 0.0% 2 2.5% 3 3.8% 6 7.5% 0 0.0% 11 13.8% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 

Never 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
1 – 8 0 0.0% 3 3.8% 3 3.8% 5 6.3% 2 2.5% 13 16.3% 
9 – 16 4 5.0% 8 10.0% 17 21.3% 7 8.8% 0 0.0% 36 45.0% 
17 – 24 8 10.0% 3 3.8% 2 2.5% 4 5.0% 0 0.0% 17 21.3% 

Daily air- 
conditioning 
on duration 
in summer 
(h) (Q7, S3) Varies 0 0.0% 4 5.0% 6 7.5% 4 5.0% 0 0.0% 14 17.5% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 

Never 0 0.0% 8 10.0% 10 12.5% 4 5.0% 0 0.0% 22 27.5% 
1 – 8 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
9 – 16 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
17 – 24 1 1.3% 1 1.3% 0 0.0% 2 2.5% 0 0.0% 4 5.0% 

Daily air- 
conditioning 
on duration 
in winter (h) 
(Q8, S3) Varies 11 13.8% 9 11.3% 18 22.5% 14 17.5% 2 2.5% 54 67.5% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 

Never 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
1 – 8 0 0.0% 0 0.0% 1 1.3% 0 0.0% 0 0.0% 1 1.3% 
9 – 16 10 12.5% 15 18.8% 23 28.8% 19 23.8% 2 2.5% 69 86.3% 

Daily period 
spent at 
home during 
weekdays (h) 
(Q8, S2) 

17 – 24 2 2.5% 3 3.8% 4 5.0% 1 1.3% 0 0.0% 10 12.5% 

Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 
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Noise Exposure LAeq,24h 
 55dB(A) 56-60dB(A) 61-65dB(A) 66-70dB(A) > 70dB(A) Total 

 Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion 
Never 0 0.0% 0 0.0% 1 1.3% 0 0.0% 0 0.0% 1 1.3% 
1 – 8 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
9 – 16 8 10.0% 11 13.8% 18 22.5% 17 21.3% 2 2.5% 56 70.0% 

Daily period 
spent at 
home during 
weekends 
(h) (Q8, S2) 

17 – 24 4 5.0% 7 8.8% 9 11.3% 3 3.8% 0 0.0% 23 28.8% 

Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 
 

16.3 Noise annoyance 
 
16.3.1 Noise annoyance and sensitivity 
 

Two questions with 5-graded verbal and 11-point numerical scales (Q1, Section 4 and Q3, Section 
4, respectively) were asked according to ISO/TS 15666 (ISO, 2003) to determine noise 
annoyance of the subjects and one question (Q2, Section 4) was asked to examine their noise 
sensitivity. Table 16.3 shows the noise annoyance and sensitivity of the subjects. These results 
were used to evaluate the correlations between noise exposure and noise annoyance. Q1 of 
Section 4 shows that most subjects were either slightly (40.0%) or moderately (36.3%) annoyed 
by noise. In Q3 of Section 4, the mean annoyance score was 4.63 (S.D.=2.19).  
 

Table  16-3 Noise annoyance and sensitivity of subjects in the noise survey 
Noise Exposure LAeq,24h 

 55dB(A) 56-60dB(A) 61-65dB(A) 66-70dB(A) > 70dB(A) Total 
  Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion 

Not at all 1 1.3% 1 1.3% 2 2.5% 0 0.0% 0 0.0% 4 5.0% 
Slightly 8 10.0% 5 6.3% 16 20.0% 1 1.3% 2 2.5% 32 40.0% 
Moderately 3 3.8% 7 8.8% 7 8.8% 12 15.0% 0 0.0% 29 36.3% 
Very 0 0.0% 5 6.3% 3 3.8% 5 6.3% 0 0.0% 13 16.3% 
Extremely 0 0.0% 0 0.0% 0 0.0% 1 1.3% 0 0.0% 1 1.3% 

Annoyance 
(verbal) 
(Q1, S4) 

N/A 0 0.0% 0 0.0% 0 0.0% 1 1.3% 0 0.0% 1 1.3% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 

0 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
1 2 2.5% 0 0.0% 1 1.3% 0 0.0% 0 0.0% 3 3.8% 
2 5 6.3% 3 3.8% 4 5.0% 0 0.0% 1 1.3% 13 16.3% 
3 2 2.5% 0 0.0% 9 11.3% 0 0.0% 1 1.3% 12 15.0% 
4 2 2.5% 3 3.8% 2 2.5% 2 2.5% 0 0.0% 9 11.3% 
5 0 0.0% 2 2.5% 3 3.8% 3 3.8% 0 0.0% 8 10.0% 
6 0 0.0% 4 5.0% 0 0.0% 3 3.8% 0 0.0% 7 8.8% 
7 1 1.3% 2 2.5% 3 3.8% 8 10.0% 0 0.0% 14 17.5% 
8 0 0.0% 1 1.3% 1 1.3% 4 5.0% 0 0.0% 6 7.5% 
9 0 0.0% 1 1.3% 0 0.0% 0 0.0% 0 0.0% 1 1.3% 
10 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 

Annoyance 
(numerical) 
(Q3, S4) 

N/A 0 0.0% 2 2.5% 5 6.3% 0 0.0% 0 0.0% 7 8.8% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 

0 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
1 2 2.5% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 2 2.5% 
2 0 0.0% 1 1.3% 4 5.0% 0 0.0% 1 1.3% 6 7.5% 
3 0 0.0% 1 1.3% 1 1.3% 0 0.0% 1 1.3% 3 3.8% 
4 0 0.0% 1 1.3% 4 5.0% 0 0.0% 0 0.0% 5 6.3% 
5 2 2.5% 1 1.3% 4 5.0% 3 3.8% 0 0.0% 10 12.5% 
6 0 0.0% 1 1.3% 3 3.8% 2 2.5% 0 0.0% 6 7.5% 
7 6 7.5% 5 6.3% 4 5.0% 10 12.5% 0 0.0% 25 31.3% 
8 2 2.5% 3 3.8% 2 2.5% 4 5.0% 0 0.0% 11 13.8% 
9 0 0.0% 1 1.3% 0 0.0% 0 0.0% 0 0.0% 1 1.3% 
10 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 

Sensitivity 
(Q2, S4) 

N/A 0 0.0% 4 5.0% 6 7.5% 1 1.3% 0 0.0% 11 13.8% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 
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16.3.2 Assessment of noise annoyance scales 
 

The annoyance scales were assessed to determine their reliability. Figure 16.2a shows the 
distribution of verbal-scaled annoyance towards environmental noise while Figure 16.2b 
demonstrates the numerical-scaled annoyance. Figure 16.2c presents the results from the 
collapsed numerical scale. Collapsing the numerical scale in this way yielded a correlation 
coefficient r2 of 0.739 between Figure 16.2a and 16.2c. This indicates that the scales provide 
fairly high reliability for determining noise annoyance of the subjects.  
 

16.3.3 Correlations between noise exposure levels and noise annoyance 
 

The correlations between noise exposure, in terms of LAeq,24h as well as Lden, and noise annoyance 
were determined by Spearman’s rank correlation test. The Spearman’s rho for each noise 
exposure level is presented in Table 16.4. The results show that the correlations between both 
noise exposure levels and noise annoyance are positive and weak, but significant. The correlation 
between LAeq,24h and annoyance is slightly stronger than that between Lden and annoyance. The 
results agree with the findings of many overseas studies, which show a positive and significant 
correlation between noise and annoyance (Öhrström, 2004; Rylander et al, 2002; Sato et al, 2002, 
Sobotova et al, 2003).  
 
Table  16-4 Spearman’s rho for correlations between noise levels (LAeq,24h and  Lden) and 

self-reported noise annoyance 
 

Noise level Spearman’s rho p-value 
LAeq,24h 0.340** 0.003 
Lden 0.323** 0.005 
** p<0.01 Note: small p-value implies more significant results 
 

16.3.4 Noise source 
 

Q4 and Q5 of Section 4 determined the annoyance by different noise sources and the most 
annoying noise sources to the subjects. The results are demonstrated in Table 15.5 and 15.6. It 
could be observed from the results that the most annoying noise sources are road traffic noise, 
and noise from neighbours. 18.8% of the subjects replied that they were very annoyed by road 
traffic noise, and 76.3% of them regarded it as one of the three most annoying noise sources. For 
noise from neighbours, despite the fact that 82.5% of subjects thought that they were slightly 
annoyed by it, 90% of them regarded it as one of the three most annoying noise sources. Other 
major noise sources include noise from their own homes (27.5%), noise from other people nearby 
(25%) and noise from building constructions (25%).  
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Figure  16-2 Self-reported noise annoyance at a) 5-graded verbal scale; b) 11-point numerical 
scale; and c) collapsed numerical scale of the subjects in the noise survey 
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Table  16-5 Annoyance by different noise sources (Q4, Section 4) of subjects in the noise survey 
 

Not at all Slightly Moderately Very Extremely N/A 
  Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion 

Road Traffic 14 17.5% 30 37.5% 19 23.8% 15 18.8% 1 1.3% 1 1.3% 

Aircraft 62 77.5% 13 16.3% 3 3.8% 0 0.0% 0 0.0% 2 2.5% 

Trains 72 90.0% 0 0.0% 5 6.3% 0 0.0% 0 0.0% 3 3.8% 

Factories or 
machinery 

63 78.8% 14 17.5% 0 0.0% 0 0.0% 0 0.0% 3 3.8% 

Building construction 43 53.8% 27 33.8% 6 7.5% 1 1.3% 0 0.0% 3 3.8% 

Neighbours 4 5.0% 66 82.5% 7 8.8% 0 0.0% 0 0.0% 3 3.8% 

Sports events 73 91.3% 4 5.0% 0 0.0% 0 0.0% 0 0.0% 3 3.8% 

Other entertainment 
or leisure 

69 86.3% 7 8.8% 1 1.3% 0 0.0% 0 0.0% 3 3.8% 

Other commercial 
premises 

70 87.5% 7 8.8% 0 0.0% 0 0.0% 0 0.0% 3 3.8% 

Other people outside 44 55.0% 28 35.0% 5 6.3% 0 0.0% 0 0.0% 3 3.8% 

Noise from my home 57 71.3% 18 22.5% 2 2.5% 0 0.0% 0 0.0% 3 3.8% 

Refuse collection 
point 

69 86.3% 7 8.8% 1 1.3% 0 0.0% 0 0.0% 3 3.8% 

Container back-up 
site 

75 93.8% 0 0.0% 2 2.5% 0 0.0% 0 0.0% 3 3.8% 

Fireworks 77 96.3% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 3 3.8% 

Substation/Pumping 
station or utility 
facilities 

77 96.3% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 3 3.8% 

Public transport 
termini/Public 
transfer interchange 

67 83.8% 8 10.0% 2 2.5% 0 0.0% 0 0.0% 3 3.8% 

School 69 86.3% 7 8.8% 1 1.3% 0 0.0% 0 0.0% 3 3.8% 

Any other noise 64 80.0% 0 0.0% 0 0.0% 2 2.5% 0 0.0% 14 17.5% 
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Table  16-6 Noise sources regarded as the three most annoying (Q5, Section 4) in the noise 
survey 

 
  The Most Second Most Third Most Total 
  Case Proportion Case Proportion Case Proportion Case Proportion 
Road Traffic 50 62.5% 7 8.8% 4 5.0% 61 76.3% 

Aircraft 3 3.8% 6 7.5% 0 0.0% 9 11.3% 

Trains 2 2.5% 2 2.5% 0 0.0% 4 5.0% 

Factories or 
machinery 

0 0.0% 3 3.8% 2 2.5% 5 6.3% 

Building, construction 1 1.3% 8 10.0% 11 13.8% 20 25.0% 

Neighbours 19 23.8% 34 42.5% 19 23.8% 72 90.0% 

Sports events 0 0.0% 0 0.0% 0 0.0% 0 0.0% 

Other entertainment 
or leisure 

0 0.0% 2 2.5% 1 1.3% 3 3.8% 

Other commercial 
premises 

0 0.0% 0 0.0% 2 2.5% 2 2.5% 

Other people outside 1 1.3% 9 11.3% 10 12.5% 20 25.0% 

Noise from my home 0 0.0% 6 7.5% 16 20.0% 22 27.5% 

Refuse collection 
point 

0 0.0% 0 0.0% 1 1.3% 1 1.3% 

Container back-up 
site 

0 0.0% 0 0.0% 0 0.0% 0 0.0% 

Fireworks 0 0.0% 0 0.0% 0 0.0% 0 0.0% 

Substation /Pumping 
station or utility 
facilities 

0 0.0% 0 0.0% 0 0.0% 0 0.0% 

Public transport 
termini/Public 
transfer interchange 

0 0.0% 0 0.0% 5 6.3% 5 6.3% 

School 0 0.0% 2 2.5% 2 2.5% 4 5.0% 

Any other noise 4 5.0% 1 1.3% 7 8.8% 12 15.0% 
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16.4 Sleep disturbance 
 
16.4.1 Sleep disturbance, awakening and medication for sleep problems 
            

Four questions were asked to determine how serious the respondents are disturbed by noise (Q2, 
Section 11), how often they are awakened by noise (Q3, Section 11), whether they take medication 
for sleep problems (Q4, Section 11) and how often they take the medication (Q5, Section 11). Table 
16.7 demonstrates the results with respect to outdoor nighttime noise levels (LN,outdoor, or LAeq,23-7h). 
From the table, it was observed that most of the subjects feel that their sleep is moderately to very 
disturbed by noise. The mean score for this sleep disturbance scale is 6.36 (S.D. = 1.95). No 
significant relationship between nighttime noise levels and sleep disturbance could be observed 
from the table. It is apparent that subjects in the 56-60 dB(A) group tend to be awakened by noise 
more often. Despite the moderate to high sleep disturbance by noise, most of the respondents 
replied that they had never been awakened by noise and none of them take medication for sleep 
problems.  
 
Table  16-7 Sleep disturbance, awakening by noise and medication for sleep problems of 

subjects in the noise survey 
 

Nighttime Noise Exposure LN,outdoor 
 55dB(A) 56-60dB(A) 61-65dB(A) 66-70dB(A) Total 

 Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion 
0 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
1 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
2 3 3.8% 1 1.3% 1 1.3% 0 0.0% 5 6.3% 
3 2 2.5% 1 1.3% 1 1.3% 0 0.0% 4 5.0% 
4 0 0.0% 1 1.3% 0 0.0% 0 0.0% 1 1.3% 
5 1 1.3% 3 3.8% 2 2.5% 1 1.3% 7 8.8% 
6 3 3.8% 2 2.5% 2 2.5% 1 1.3% 8 10.0% 
7 8 10.0% 7 8.8% 2 2.5% 0 0.0% 17 21.3% 
8 8 10.0% 5 6.3% 9 11.3% 0 0.0% 22 27.5% 
9 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
10 0 0.0% 1 1.3% 0 0.0% 0 0.0% 1 1.3% 

How does noise 
affect your 
sleep?  
(Q2, S11) 

N/A 3 3.8% 5 6.3% 7 8.8% 0 0.0% 15 18.8% 
Total 28 35.0% 26 32.5% 24 30.0% 2 2.5% 80 100.0% 

Never 23 28.8% 15 18.8% 11 13.8% 2 2.5% 51 63.8% 
Once a 
month 

0 0.0% 1 1.3% 3 3.8% 0 0.0% 4 5.0% 

Once a 
week 

4 5.0% 3 3.8% 6 7.5% 0 0.0% 13 16.3% 

Several 
times a 
week 

1 1.3% 5 6.3% 3 3.8% 0 0.0% 9 11.3% 

How often 
awakened 
by noise? 
(Q3, S11) 

Almost 
everyday 

0 0.0% 2 2.5% 1 1.3% 0 0.0% 3 3.8% 

Total 28 35.0% 26 32.5% 24 30.0% 2 2.5% 80 100.0% 
Yes 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% Medication 

for sleep 
problem? 
(Q4, S11) 

No 28 35.0% 26 32.5% 24 30.0% 2 2.5% 80 100.0% 

Total 28 35.0% 26 32.5% 24 30.0% 2 2.5% 80 100.0% 
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16.4.2 Correlations between noise levels and sleep disturbance / awakening 
 

Table 16.8 shows the Spearman’s correlation coefficients between noise exposure levels and 
self-reported sleep disturbance as well as awakening. It is demonstrated that the relationships 
between sleep disturbance and all presentations of noise levels (LAeq,24h, Lden, LN,outdoor and LN,indoor) 
are all insignificant. Awakening was found to be weakly and positively correlated to LAeq,24h. It is 
surprising that awakening is correlated to LAeq,24h rather than nighttime noise. However, these results 
are partially in line with some overseas studies. Öhrström (2004) has performed a similar study in 
which 142 inhabitants in a resident area near to a main road in Sweden were examined. The noise 
levels outside bedroom ranged between 40 and 67 dB(A) LAeq,24h. The author reported that sleep 
quality was weakly and negatively correlated to LAeq,24h, while awakening is highly and positively 
associated with LAeq,24h, as demonstrated in Table 16.9. 
 
The lack of correlation between noise exposure and sleep disturbance might be attributed by the 
random factors due to the small sample size included in this Study and other potential confounders 
which were not taken into account in the Spearman’s rho analysis, such as personal stress, drinking 
and smoking behaviour, etc. 
 
Table  16-8 Spearman’s rho of correlations between noise levels (LAeq,24h, Lden, LN,outdoor and LN,indoor) 

and self-reported sleep disturbance / awakening of subjects in the noise survey 
 

Sleep disturbance Awakening Noise level Spearman’s rho p-value Spearman’s rho p-value 
LAeq,24h -0.011 0.933 0.253* 0.024 
Lden -0.016 0.897 0.217 0.053 
LN,outdoor 0.08 0.525 0.172 0.128 
LN,indoor 0.026 0.837 -0.043 0.750 

* p < 0.05 Note: small p-value implies more significant results 
 

Table  16-9 Spearman’s rho of correlations between noise level and sleep quality / awakening 
reported by Öhrström (2004) 

 
Sleep quality Awakening Noise level Spearman’s rho p-value Spearman’s rho p-value 

LAeq,24h -0.25** < 0.01 0.48** < 0.001 
** p < 0.01 Note: small p-value implies more significant results 

 
16.5 Use of double glazing 
 

Respondents were asked if double-glazing windows are installed in their dwellings in Q5, Section 3. 
The results are shown in Table 16.10. As mentioned in Section 16.2, only one dwelling (i.e. two 
respondents) with noise exposure level of 56-60 dB(A) LAeq,24h has double-glazing windows installed. 
In view of this, the statistical analysis for determining the relationship between noise exposure level 
and the use of double glazing was infeasible. To gather enough information to examine such 
relationship, a sufficient large and representative sample size is essential. 
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Table  16-10 Use of double-glazing windows of subjects in the noise survey 
 

Noise Exposure LAeq,24h 
 55dB(A) 56-60dB(A) 61-65dB(A) 66-70dB(A) > 70dB(A) Total 

 Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion 
No 12 15.0% 16 20.0% 28 35.0% 20 25.0% 2 2.5% 78 97.5% Double 

glazing 
(Q5, S3) Yes 0 0.0% 2 2.5% 0 0.0% 0 0.0% 0 0.0% 2 2.5% 

Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 
 
 

16.6 Noise exposure and chronic illnesses 
 
16.6.1 Noise exposure and chronic illnesses 
 

In Q6, Section 11 the subjects were asked if they had diagnosis of a number of chronic illnesses as 
listed in Table 16.11. It was found that for most of the illnesses either none or only one respondent 
reported that they had positive diagnosis. Fifteen percent of the subjects replied that they had 
hypertension, diabetes mellitus and high serum triglycerides/cholesterol, respectively, as shaded in 
Table 16.11.   

 
Table  16-11 Noise level and prevalence of chronic illnesses of subjects in the noise survey 

 
Noise Level LAeq,24h 

 55dB(A) 56-60dB(A) 61-65dB(A) 66-70dB(A) > 70dB(A) 
Total 

 Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion 
No 11 13.8% 18 22.5% 22 27.5% 17 21.3% 0 0.0% 68 85.0% Hypertension 
Yes 1 1.3% 0 0.0% 6 7.5% 3 3.8% 2 2.5% 12 15.0% 

Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 
No 12 15.0% 17 21.3% 28 35.0% 20 25.0% 2 2.5% 79 98.8% Coronary 

heart disease Yes 0 0.0% 1 1.3% 0 0.0% 0 0.0% 0 0.0% 1 1.3% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 

No 12 15.0% 15 18.8% 24 30.0% 16 20.0% 1 1.3% 68 85.0% Diabetes 
Mellitus Yes 0 0.0% 3 3.8% 4 5.0% 4 5.0% 1 1.3% 12 15.0% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 

No 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% Gastric/ 
duodenal 
ulcer 

Yes 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 

Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 
No 11 13.8% 15 18.8% 23 28.8% 18 22.5% 1 1.3% 68 85.0% High serum 

triglycerides/ 
cholesterol 

Yes 1 1.3% 3 3.8% 5 6.3% 2 2.5% 1 1.3% 12 15.0% 

Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 
No 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% Hearing 

impairment Yes 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 

No 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% Climacteric 
disturbance Yes 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 
Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 

No 12 15.0% 17 21.3% 28 35.0% 20 25.0% 2 2.5% 79 98.8% Anemia 
Yes 0 0.0% 1 1.3% 0 0.0% 0 0.0% 0 0.0% 1 1.3% 

Total 12 15.0% 18 22.5% 28 35.0% 20 25.0% 2 2.5% 80 100.0% 
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16.6.2 Correlations between noise level and prevalence of chronic illnesses 
 

Since there are more than one respondent suffering from hypertension, diabetes mellitus and high 
serum triglycerides/cholesterol only, it is meaningful to determine the correlations between noise 
exposure level and the prevalence of these illnesses only. The odds ratios obtained for different 
categories of noise exposure levels, LAeq,24h and Lden, are demonstrated in Table 16.12 and 16.13, 
respectively. From the tables it is shown that the odds ratios for the three chronic diseases are all 
insignificant. The p-values for most of the odds ratios obtained are very close to unity, implying that 
no significant relationships could be obtained for the prevalence of these diseases. The insignificant 
and apparently illogical values of the odds ratios are due to the insufficient sample size. For instance, 
since in the “  55dB(A) LAeq,24h” noise group there are no subjects with diagnosis of diabetes mellitus, 
the odds ratios resulted in the higher noise groups tend to infinity. Some other potential confounding 
factors that might have substantial effects on prevalence of illnesses, such as body mass index, 
smoking and drinking behaviour, were also not taken into account in the statistical analysis. In a 
recent study (Bluhm et al, 2006), the correlations between outdoor traffic noise level (LAeq,24h) and 
diagnosis of hypertension was investigated in a study population of 667 subjects in Sweden. It was 
reported that the odds ratio for hypertension adjusted for age, smoking, occupation, and house type 
was 1.38 per 5 dB(A) increase in noise exposure from less than 45 dB(A) to above 65 dB(A). In 
another study, Rosenlund et al (2001) studied the relationship between residential exposure to 
aircraft noise and hypertension by comparing 266 residents in the vicinity of an airport in Sweden 
and 2,693 inhabitants in other parts of the country. They reported elevated odds ratios of relative 
risks of hypertension with increased noise exposure levels.  
 
However, despite the elevated relative risks of chronic illnesses reported by these studies, their 
evidence is weak. This is due to the limitations of the cross-sectional design. Although many 
potential confounding factors have already been considered and adjusted in statistical analyses, it is 
still difficult to single out the independent effect of environmental noise on these health outcomes. A 
more appropriate approach to determine the chronic health effects of noise is to conduct a long-term, 
longitudinal study on a specific population to monitor their chronic environmental noise exposure 
and their non-auditory health outcomes (Wong et al, 2002).  

 
Table  16-12 Odds ratios of prevalence of chronic illnesses in different categories of noise 

exposure levels (LAeq,24h) (adjusted for gender, age, education, employment, time 
spent at home and use of double glazing) 

 
Hypertension Diabetes mellitus High serum triglycerides 

/cholesterol Noise level 
LAeq,24h Odds ratio p-value Odds ratio p-value Odds ratio p-value 

 55dB(A) 1 0.607 1 0.496 1 0.956 
56-60dB(A) 0.000 0.998 8.4x109 0.998 1.523 0.826 
61-65dB(A) 0.736 0.894 1.4x108 0.998 0.689 0.844 
66-70dB(A) 9.430 0.374 1.2x1011 0.998 1.212 0.926 
> 70dB(A) 9.7x108 0.999 5.1x108 0.998 0.412 0.700 

  Note: small p-value implies more significant results 
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Table  16-13 Odds ratios of prevalence of chronic illnesses in different categories of noise 
exposure levels (Lden) (adjusted for gender, age, education, employment, time spent at 
home and use of double glazing) 

 
Hypertension Diabetes mellitus High serum triglycerides 

/cholesterol Noise level 
Lden Odds ratio p-value Odds ratio p-value Odds ratio p-value 

56-60dB(A) 1 0.658 1 0.495 1 0.978 
61-65dB(A) 0.000 0.998 1.7x109 0.998 1.486 0.823 
66-70dB(A) 0.903 0.959 7.6x107 0.998 0.922 0.963 
> 70dB(A) 4.573 0.465 5.1x109 0.997 0.931 0.969 

  Note: small p-value implies more significant results 
 
16.7 Noise annoyance and chronic illnesses 
 
16.7.1 Noise annoyance and chronic illnesses 
 

The relationships between noise annoyance and prevalence of chronic illnesses were also 
examined. Noise annoyance of the respondents was determined by Q3, Section 4. Subjects with 
scores 0-2 were classified as “Not Annoyed”, subjects with scores 3-6 were classified as 
“Moderately Annoyed” and subjects with scores 7-10 were classified as “Strongly Annoyed”. Table 
16.14 shows the noise annoyance and prevalence of chronic diseases of the subjects. As 
mentioned in Section 16.6, none or only one of the respondents with positive diagnosis for almost 
all of the chronic illnesses studied except for hypertension, diabetes mellitus and high serum 
triglycerides/cholesterol. It is feasible to examine the correlations between noise annoyance and 
these three illnesses only. 
 
Table  16-14 Noise annoyance and prevalence of chronic illnesses of subjects in the noise survey 

 
Not Annoyed Moderately Annoyed Strongly Annoyed N/A Total   

Case Proportion Case Proportion Case Proportion Case Proportion Case Proportion 
Yes 4 5.0% 6 7.5% 2 2.5% 0 0.0% 12 15.0% Hypertension 
No 12 15.0% 30 37.5% 19 23.8% 7 8.8% 68 85.0% 

Total 16 20.0% 36 45.0% 21 26.3% 7 8.8% 80 100.0% 
Yes 1 1.3% 0 0.0% 0 0.0% 0 0.0% 1 1.3% Coronary heart 

disease No 15 18.8% 36 45.0% 21 26.3% 7 8.8% 79 98.8% 
Total 16 20.0% 36 45.0% 21 26.3% 7 8.8% 80 100.0% 

Yes 3 3.8% 6 7.5% 3 3.8% 0 0.0% 12 15.0% Diabetes 
Mellitus No 13 16.3% 30 37.5% 18 22.5% 7 8.8% 68 85.0% 
Total 16 20.0% 36 45.0% 21 26.3% 7 8.8% 80 100.0% 

Yes 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% Gastric/ 
duodenal ulcer No 16 20.0% 36 45.0% 21 26.3% 7 8.8% 80 100.0% 
Total 16 20.0% 36 45.0% 21 26.3% 7 8.8% 80 100.0% 

Yes 3 3.8% 6 7.5% 3 3.75 4.7% 0 12 15.0% High serum 
triglycerides 
/cholesterol  

No 13 16.3% 30 37.5% 18 22.5 28.1% 8.75 68 85.0% 

Total 16 20.0% 36 45.0% 21 26.25 32.8% 8.75 80 100.0% 
Yes 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% Hearing 

impairment No 16 20.0% 36 45.0% 21 26.3% 7 8.8% 80 100.0% 
Total 16 20.0% 36 45.0% 21 26.3% 7 8.8% 80 100.0% 

Yes 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% Climacteric 
disturbance No 16 20.0% 36 45.0% 21 26.3% 7 8.8% 80 100.0% 
Total 16 20.0% 36 45.0% 21 26.3% 7 8.8% 80 100.0% 

Yes 1 1.3% 0 0.0% 0 0.0% 0 0.0% 1 1.3% Anemia 
No 15 18.8% 36 45.0% 21 26.3% 7 8.8% 79 98.8% 

Total 16 20.0% 36 45.0% 21 26.3% 7 8.8% 80 100.0% 
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16.7.2 Correlations between noise annoyance and prevalence of chronic illnesses 
 

The correlations between noise annoyance and prevalence of chronic illnesses were determined by 
logistic regression and the results are illustrated in Table 16.15. It could be observed that the odds 
ratios for all the three diseases are insignificant. As mention above, the insignificance of the 
associations might be due to the small sample size in the study and the presence of potential 
confounding factors that were not taken into account in the statistical analysis such as body mass 
index, smoking and drinking behaviour, etc. 
 
In the Large Analysis and Review of European housing and health Status (LARES) conducted by 
the WHO (Niemann et al, 2004), data from eight European studies were combined and the effect of 
annoyance by general traffic noise for different illnesses was evaluated. The results are 
demonstrated in Figures D1 and D2 of Appendix D. It was found that for respondents moderately 
annoyed by road traffic noise there were slight but significant elevated odds ratios for asthma, 
diabetes and migraine. For subjects who are strongly annoyed by road traffic noise, the risks were 
significant and positive for allergy, arthritic symptoms, bronchitis, cardiovascular symptoms, 
depression, hypertension, migraine, respiratory symptoms, SALSA, which considered the “trend to 
depression”, as indicated in Figure D2.  

 
Table  16-15 Odds ratios of prevalence of chronic illnesses in different categories of noise 

annoyance (adjusted for gender, age, education, employment, time spent at home and 
use of double glazing) 

 
Hypertension Diabetes mellitus High serum triglycerides 

/cholesterol Noise 
annoyance Odds ratio p-value Odds ratio p-value Odds ratio p-value 

Not annoyed 1 0.348 1 0.799 1 0.745 
Moderately 
annoyed 

0.053 0.147 1.573 0.756 0.465 0.535 

Strongly 
annoyed 

0.114 0.276 3.481 0.503 0.374 0.472 

  Note: small p-value implies more significant results 
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16.8 Exposure-response relationships between noise exposure and annoyance by road traffic 
noise 

 
Figure 16.3 shows the percentage of annoyed persons (%A) and highly annoyed persons (%HA) as 
a function of noise exposure (Lden) at the dwellings in the current Study compared with the 
exposure-response relationships developed by the European Communities (2002). While 
discrepancies are observed between results in the current Study and the exposure-response curves, 
the result shows comparable trend.  These discrepancies were expected due to the limited groups 
(80 respondents from 40 dwellings) at individual sites and the noise annoyance scores obtained 
were affected by random factors, individual and local circumstances, and study characteristics, etc. 
The relationships derived by the European Communities (2002) were based on the data from a large 
set of field studies and are types of “norm curve” that are valid only for the entire population. It was 
ensured that within each noise exposure group of each data set in the field studies collection there 
were at least 100 responses (Miedema et al, 1998). Since limited number of points was gathered in 
the pilot survey, result of the current Study might have considerable scattering. A more meaningful 
comparison is expected when more data are supplemented. 
 
It should be noted that the reference studies used for the development of the exposure-response 
curves were conducted in Europe, North America and Australia only. Such relationships might not be 
“general” enough to be utilized for determining noise annoyance in Hong Kong, as it has been 
suggested that cultural differences might affect noise annoyance (Sato et al, 2002). It has been 
reported that Norwegian might react to road traffic noise stronger than expected by 
exposure-response curves derived by compilation of international data (Klæboe et al, 2004). 
 
Figure  16-3  The percentage of annoyed persons (%A) and highly annoyed persons (%HA) as 

a function of road traffic noise exposure of the dwelling (Lden). Solid lines: 
polynomial approximations of the exposure-response relationships estimated by 
the European Communities (2002); Dotted lines: 95% confidence intervals of the 
exposure-response relationships estimated by the European Communities (2002); 
Points: results obtained in this Study. 
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16.9 Exposure-response relationships between nighttime outdoor noise exposure and sleep 
disturbance by road traffic noise 

 
Figure 16.4 shows the percentage of (at least) a little sleep disturbed persons (%LSD), sleep 
disturbed persons (%SD), and highly sleep disturbed persons (%HSD) by road traffic noise as a 
function of nighttime noise level outside at the most exposed façade (Lnight) of the dwellings studied 
compared with the exposure-response curves developed by Miedema et al (2003). It could be 
observed that the results obtained in the current Study for %LSD and %SD are in proximity to the 
exposure-response curves established from compilation of international data with relatively small 
deviations, while those for %HSD show greater discrepancies. It should be noted that these 
proximities do not mean the exposure-response curves could be directly adopted to describe Hong 
Kong situation, as the results are based on a pilot scale survey and are therefore preliminary. The 
small sample size in the current Study implies that the influences of confounding factors, such as 
age, use of window opening, noise sensitivity and position of bedroom relative to the noise source, 
may be significant. 
 
Another reason for the inappropriateness of direct adoption of the exposure-response curves for 
Hong Kong situation is that in the current Study the respondents were asked how their sleep was 
disturbed by “noise”, rather than “road traffic noise” (Q2, Section 11). The comparisons were made 
based on the assumption that the environmental noise and sleep disturbance determined in the 
current Study were mainly contributed by road traffic on the basis of three filter questions. The first 
one determined if road traffic noise was the most annoying noise source to the respondents (Q5, 
Section 4). The second and the third asked about the time at which they felt road traffic noise was 
particularly annoying during weekdays (Q4, Section 5) and weekends (Q5, Sections 5). Only those 
who regarded road traffic noise as the most annoying noise source and thought this noise was 
particularly annoying during nighttime in either weekdays or weekends were assumed to be sleep 
disturbed by road traffic noise. The reliability of the results could be improved by including sufficiently 
representative and determining sleep disturbance specifically by road traffic noise in future noise 
surveys. 
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Figure  16-4 The percentage of (at least) a little sleep disturbed persons (%LSD), sleep disturbed 
persons (%SD), and highly sleep disturbed persons (%HSD) by road traffic noise as a 
function of nighttime noise level outside at the most exposed façade (Lnight). Solid 
lines: polynomial approximations of exposure-response relationships developed by 
Miedema et al (2003). Dotted lines: 95% confident intervals of exposure-response 
relationships developed by Miedema et al (2003); Points: results obtained in this 
Study. 
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16.10 Exposure-response relationships between nighttime indoor noise exposure and sleep 
disturbance by road traffic noise 

 
Figure 16.5 demonstrates the correlations between Leq and yes-response rate to awakening by 
road traffic noise (Comp. 1) as well as yes-response rate to sleep disturbance by road traffic noise 
(Comp. 3) compared with the results obtained by Kabuto (2002) in a study conducted in Kyoto, 
Japan. For the consumption of medication for sleep problems (Comp. 5), since none of the 
respondents in the current Study reported that they took any sleep drug, as shown in Table 16.7, no 
correlations between this and nighttime noise level could be determined. As observed from the 
results of this pilot survey, it is apparent that Hong Kong people react quite differently to road traffic 
noise as compared to the Japanese study. Although the respondents were less awakened than 
those in the Japanese study, they felt more sleep disturbed by this noise source. Such differences 
might be due to the cultural and house type differences between Hong Kong and Japan, and 
differences in nature of the subjects. In the Main Study, it was revealed that living pattern of the 
occupants affected largely the overall indoor environment. Indoor noise levels, which were mainly 
contributed form indoor activities such as TV, were generally high. This, together with the dense 
living environment in Hong Kong, might be a source causing the discrepancies. In addition, it should 
be noted that in the reference study, only female subjects (2,555 housewives in Kyoto) were 
selected, while in the current Study the subjects were randomly selected with 45 males and 35 
females.  
 
It should be stressed that these results are preliminary based on a pilot scale survey with small 
sample size. Also, confounding factors such as age, noise sensitivity, education, employment, body 
mass index, etc. were not considered. Another reason is that, as mentioned in Section 16.10, in the 
current Study the respondents were asked how their sleep was disturbed by “noise”, rather than 
“road traffic noise” (Q2, Section 11). The comparisons were made based on the assumption that the 
environmental noise and sleep disturbance determined in the current Study were mainly contributed 
by road traffic on the basis of three filter questions. The first one asked the respondents if road traffic 
noise was the most annoying noise source (Q5, Section 4). The second and the third determined the 
time at which they felt road traffic noise was particularly annoying during weekdays (Q4, Section 5) 
and weekends (Q5, Sections 5). Only those who regarded road traffic noise as the most annoying 
noise source and thought this noise was particularly annoying during nighttime in either weekdays or 
weekends were assumed to be sleep disturbed by road traffic noise. These imply that the 
correlations might not correctly reflect the actual situation of sleep disturbance of the population. 
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Figure  16-5 Correlations between indoor Leq1 and yes-response rate to awakening (Comp 1) (upper) 
and sleep disturbance (Comp 3) (lower) by road traffic noise. Dash lines: results 
obtained by Kabuto (2002). Points and solid lines: results obtained in this Study.  
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Remarks 
1. Leq in the study by Kabuto (2002) was calculated as the energy-averaged level of the Leq(10min) values measured near 

subject’s heads in their bedrooms when the subjects were sleep on the time study record; Leq in the current Study was 
calculated as the energy-averaged of the Leq(15min) values measured in respondents’ bedrooms over the night period from 
2300h to 0700h. 
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17. CONCLUSIONS AND RECOMMENDATIONS 
 
In this Study, a pilot scale noise survey was undertaken with a sample size of 80 residents from 40 
premises at different locations and with various degrees affected by influencing factors to obtain a 
basic and preliminary understanding on how residents in Hong Kong react with environmental noise. 
The questionnaire was designed with reference to similar studies in European and American 
countries. It was modular in nature with different sections focusing on a number of specific noise 
sources. In this survey, the questionnaire makes reference to ISO 15666 technical specifications 
(ISO, 2003) to make use of two questions (one with verbal scale and another with numerical scale) 
on annoyance and two annoyance scales to improve the reliability of psychometric measurements.  
 
It was found that the most annoying noise sources were road traffic noise and noise from neighbour. 
The respondents reacted quite differently to environmental noise. Exposure-response relationships 
between noise exposure level and annoyance/sleep disturbance were determined and were 
compared with the exposure-response curves established by international studies. The results were 
showed in Figures 16.3, 16.4 and 16.5. 
 
Miedema attempted to develop exposure-response relationships for effects of chronic noise 
exposure on annoyance and sleep disturbance. These exposure-response curves were used for 
comparison in this Study and were developed based on a large set of data from studies in Europe, 
North America, Australia and Japan only and might not accurately reflect the noise effects on 
population in a specific region (Klæboe et al, 2004). Therefore further study of exposure-response 
relationships for Hong Kong could provide better understanding on how Hong Kong people react 
with exposure to environmental noise. 
 
Further study is recommended to focus on road traffic noise for the development of 
exposure-response curves, as this noise source was found to be the most disturbing in the current 
Study (over 60% of the respondents regarded road traffic noise as the most annoying noise source). 
The survey should be cross-sectional, region-wide which covers different areas according to their 
physical locations and degree affected by influencing factors, and contain a large sample size in 
order to determine the general situation of noise exposure and noise annoyance in Hong Kong. The 
following are some points that were revealed in the current Study and should be considered in future 
works: 
 
 Noise metrics such as Lden and Lnight are usually used in the reviewed studies for the 

development of exposure-response curves for road traffic noise and noise annoyance/sleep 
disturbance. However, in Hong Kong L10(1 hour) is generally used for the measurement of road 
traffic noise exposure and most of the available data of road traffic noise in Hong Kong is in this 
noise metric  (L10(1 hour) is the noise level exceeded for 10% of the one hour period and is 
applied for describing road traffic noise exposure during the hour of peak traffic flow). Therefore, 
L10(1 hour) is suggested to be utilized for the establishment of exposure-response curves 
specifically for Hong Kong. Noise exposure data could be obtained by direct measurement at 
subjects’ dwellings or by noise mapping and modelling. Examples of studies using noise 
mapping and modelling for obtaining noise exposure information include Borst et al (2005) and 
Stansfeld et al (2005). Although direct comparison with overseas studies may not be feasible 
with different noise metrics, in view of the unique situation in Hong Kong that many people are 
living in dense build environment, it is less meaningful to compare Hong Kong’s 
exposure-response curves with the overseas counterparts.  
 

 Noise annoyance questions and scales should be set in accordance with relevant standards, 
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e.g. ISO 15666 technical specifications (2003). 
 

 In the determination of exposure-response relationships between nighttime noise exposure and 
sleep disturbance in the current Study, filter questions were utilized in order to obtain particular 
information for road traffic noise. Respondents who did not reply that road traffic noise was one 
of the three most annoying noise sources (Q5, Section 4), were assumed to have low 
annoyance by road traffic noise. Respondents who did not regard road traffic noise as the most 
annoying noise source (Q5, Section 4), and those who did not think road traffic noise was 
particularly annoying during nighttime in both weekdays (Q4, Section 5) and weekends (Q5, 
Section 5) were assumed to be not disturbed by this noise source during sleep. There was a 
discussion on the use of filter questions in the literature, and in the ISO technical specification 
(2003) it was recommended not to pose any filter question to eliminate respondents. To ensure 
particular information for road traffic noise is obtained, questions specifically about road traffic 
noise, rather than just “noise”, should be asked in future studies. 
 

 In the current Study, some respondents answered “I don’t know” or skipped the annoyance 
questions, thus reducing the response rate. Interviewers should be provided with written 
instructions to instruct them to ask questions exactly as written, to urge the respondents to 
choose between the offered answers rather than skipping them or reply “I don’t know”, and to 
encourage all residents to answer these questions in order to minimize non-response bias.  
 

 The exposure-response relationships are utilized as “norm” curves for the entire population and 
do not depend on the particularities of the persons and their circumstances. The sample of 
socio-acoustical surveys for the development of such relationships should be representative of 
the general population and should be determined in future studies prior to the conduction of the 
surveys. Some factors, such as noise sensitivity, façade insulation and use of window opening, 
and bedroom position relative to noise source, which have been suggested to have potential 
influences on annoyance or sleep disturbance could also be examined to serve as references 
for assessing their effects on annoyance and sleep disturbance. 

 
Table 17.1 lists the suggested information to collect for establishing exposure-response 
relationships between road traffic noise exposure and noise annoyance/sleep disturbance. 
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Table  17-1 Suggested information to collect in future socio-acoustical surveys for the development of 
exposure-response relationships of road traffic noise exposure and noise annoyance/sleep 
disturbance 

 
Area Topic Suggested information to collect 

Survey date Year and month of social survey 
Site location Location of study sites 
Site selection Degree affected by influencing factors 

Map or description of study site locations relative to the noise source 
(road traffic) 
Number of study sites 
Number of respondents by site 

Overall design 

Sample size and quality 

Sample size 
Response rate 

Respondents 
details  

Respondents details Age, gender, education, employment, length of residence, etc. 

Self-reported noise 
annoyance and sleep 
disturbance 

Noise annoyance/sleep disturbance by questionnaire with verbal and 
numerical scales, e.g. 

Noise annoyance 
 “Thinking about the last 12 months or so, when you are here at 

home, how much does noise from road traffic bother, disturb or 
annoy you?”  
Response options – Not at all; Slightly; Moderately; Very; 
Extremely 

 “Thinking about the last 12 months or so, what number from 0 to 
10 best shows how much you are bothered, disturbed or 
annoyed by road traffic noise”  
0-to-10 opinion scale: 0=Not at all annoyed; 10=Extremely 
annoyed 
 
Sleep disturbance 

 “Thinking about the last 12 months or so, when you are here at 
home, how much does noise from road traffic disturb your 
sleep?”  
Response options – Not at all; Slightly; Moderately; Very; 
Extremely 

 “Thinking about the last 12 months or so, what number from 0 to 
10 best shows how much your sleep is disturbed by road traffic 
noise”  
0-to-10 opinion scale: 0=Not at all disturbed; 10=Extremely 
disturbed 

Social survey data 

Noise sensitivity  Self-reported noise sensitivity of respondents  
Noise source Type of primary noise source (aircraft, road traffic, etc.) 
Noise exposure Noise exposure levels (L10 (1 hour)) obtained by direct measurement 

at the most exposed façade at subjects’ dwellings or by noise 
mapping and modelling. 

Bedroom and living 
room position 

Position of bedroom and living room relative to the noise source  

Acoustical 
conditions 

Façade insulation  Façade insulation (use of double glazing) and use of window opening 
Basic 
exposure-response 
analysis 

Exposure-response 
relationships 

Tabulation of frequency of annoyance/sleep disturbance ratings for 
each category of noise exposure 

 
The determination of correlations between noise exposure and chronic illnesses such as 
cardiovascular disease is not appropriate by means of cross-sectional studies, which compare the 
prevalence of health outcomes between groups with different noise exposure levels at one point in 
time, since results could be significantly affected by various confounding factors (Wong et al, 2002). 
Despite a large number of studies on this subject, findings were limited. To determine such 
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relationships, a long-term, longitudinal study is necessary on population living in areas with specific 
noise problems (“hot spots”) and on population living in relatively quiet areas (“controls”) in order to 
rule out any potential confounders as much as possible. Examples of such studies include a 
six-year-longitudinal survey conducted by Babisch et al (2003) on subjects in two different districts in 
the UK to investigate the relationship between chronic road traffic noise exposure and the 
prevalence of ischemic heart disease. 
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