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ABSTRACT

The WHO Regional Office for Europe set up a working group of
experts to provide scientific advice to the Member States for the
development of future legislation and policy action in the area of
assessment and control of night noise exposure. The working
group reviewed available scientific evidence on the health effects
of night noise, and derived health-based guideline values. In
December 2006, the working group and stakeholders from indus-
try, government and nongovernmental organizations reviewed
and reached general agreement on the guideline values and key
texts for the final document of the Night noise guidelines for
Europe.

Considering the scientific evidence on the thresholds of night noise
exposure indicated by Lyjghe ourside 2 defined in  the
Environmental Noise Directive (2002/49/EC), an Lyighe outside Of
40 dB should be the target of the night noise guideline (NNG) to
protect the public, including the most vulnerable groups such as
children, the chronically ill and the elderly. Lohe ourside value of
55 dB is recommended as an interim target for the countries where
the NNG cannot be achieved in the short term for various rea-
sons, and where policy-makers choose to adopt a stepwise
approach. These guidelines are applicable to the Member States of
the European Region, and may be considered as an extension to,
as well as an update of, the previous WHO Guidelines for com-
munity noise (1999).



FOREWORD

WHO defines health as a state of complete physical, mental and
social well-being and not merely the absence of disease or infirmity,
and recognizes the enjoyment of the highest attainable standard of
health as one of the fundamental rights of every human being.
Environmental noise is a threat to public health, having negative
impacts on human health and well-being. In order to support the
efforts of the Member States in protecting the population’s health
from the harmful levels of noise, WHO issued Guidelines for com-
munity noise in 1999, which includes guideline values for commu-
nity noise in various settings based on the scientific evidence avail-
able. The evidence on health impacts of night noise has been accu-
mulated since then.

In the WHO European Region, environmental noise emerged as
the leading environmental nuisance triggering one of the most
common public complaints in many Member States. The
European Union tackled the problem of environmental noise with
an international law on the assessment and management of envi-
ronmental noise. The WHO Regional Office for Europe devel-
oped the Night noise guidelines for Europe to provide expertise
and scientific advice to the Member States in developing future
legislations in the area of night noise exposure control and surveil-
lance, with the support of the European Commission. This guide-
lines document reviews the health effects of night time noise expo-
sure, examines exposure-effects relations, and presents guideline
values of night noise exposure to prevent harmful effects of night
noise in Europe. Although these guidelines are neither standards
nor legally binding criteria, they are designed to offer guidance in
reducing the health impacts of night noise based on expert evalu-
ation of scientific evidence in Europe.

The review of scientific evidence and the derivation of guideline
values were conducted by outstanding scientists. The contents of
the document were peer reviewed and discussed for a consensus
among the experts and the stakeholders from industry, govern-
ment and nongovernmental organizations. We at WHO are
thankful for those who contributed to the development and pres-
entation of this guidelines and believe that this work will con-
tribute to improving the health of the people in the Region.

Marc Danzon
WHO Regional Director for Europe
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EXECUTIVE SUMMARY

INTRODUCTION

The aim of this document is to present the conclusions of the WHO working group
responsible for preparing guidelines for exposure to noise during sleep. This docu-
ment can be seen as an extension of the WHO Guidelines for community noise
(1999). The need for “health-based” guidelines originated in part from the European
Union Directive 2002/49/EC relating to the assessment and management of environ-
mental noise (commonly known as the Environmental Noise Directive and abbrevi-
ated as END) which compels European Union Member States to produce noise maps
and data about night exposure from mid-2007. The work was made possible by a
grant from the European Commission and contributions from the Swiss and German
governments.

Although a number of countries do have legislation directed at controlling night
noise exposure, there is little information on actual exposure and its subsequent
effects on the population. Estimates made in some countries of the number of peo-
ple highly disturbed by noise during sleep (see Fig. 1 for the Netherlands as an exam-
ple) indicate that a substantial part of the population could be exposed to levels that
might risk their health and well-being.

Year
P4 1008
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g L — |
3 .
g_ qu. 1.
5 Percentage of
g population highly
© . .
£ disturbed by noise
§ during sleep in the
- m Netherlands:
— survey results for
| em 1998 and 2003
| mm ]  mm
[} [ ]
[ CEl Bl o ]
Road traffic Air traffic Rail traffic Industry
Total Neighbours Recreation Construction

As direct evidence concerning the effects of night noise on health is rarely available,
these guidelines also use indirect evidence: the effects of noise on sleep and the rela-
tions between sleep and health. The advantage of this approach is that a lot of med-
ical evidence is available on the relation between sleep and health, and detailed infor-
mation also exists on sleep disturbance by noise.
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PROCESS OF DEVELOPING GUIDELINES

In 2003, the WHO Regional Office for Europe set up a working group of experts to
provide scientific advice to the European Commission and to its Member States for
the development of future legislation and policy action in the area of control and sur-
veillance of night noise exposure. The review of available scientific evidence on the
health effects of night noise was carried out by an interdisciplinary team who set out
to derive health-based guideline values. The contributions from the experts were
reviewed by the team and integrated into draft reports following discussion at four
technical meetings of the working group. In 2006, all the draft reports were com-
piled into a draft document on guidelines for exposure to noise at night, which was
reviewed and commented on by a number of stakeholders and experts.

At the final conference in Bonn, Germany, on 14 December 2006, representatives
from the working group and stakeholders from industry, government and non-
governmental organizations reviewed the contents of the draft document chapter by
chapter, discussed several fundamental issues and reached general agreement on the
guideline values and related texts to be presented as conclusions of the final WHO
Night noise guidelines for Europe.

NOISE INDICATORS

From the scientific point of view the best criterion for choosing a noise indicator is its
ability to predict an effect. Therefore, for different health end points, different indica-
tors could be chosen. Long-term effects such as cardiovascular disorders are more
correlated with indicators summarizing the acoustic situation over a long time peri-
od, such as yearly average of night noise level outside at the facade (Lpighe, outside)’s
while instantaneous effects such as sleep disturbance are better with the maximum
level per event (La.,.x), Such as passage of a lorry, aeroplane or train.

From a practical point of view, indicators should be easy to explain to the public so
that they can be understood intuitively. Indicators should be consistent with existing
practices in the legislation to enable quick and easy application and enforcement.
Liight, outsides adopted by the END, is an indicator of choice for both scientific and
practical use. Among currently used indicators for regulatory purposes, Lycq (A-
weighted equivalent sound pressure level) and Ly, are useful to predict short-term
or instantaneous health effects.

SLEEP TIME

Time use studies, such as that undertaken by the Centre for Time Use Research,
2006 (www.timeuse.org/access/), show that the average time adult people are in bed
is around 7.5 hours, so the real average sleeping time is somewhat shorter. Due to
personal factors like age and genetic make-up there is considerable variation in sleep-
ing time and in beginning and end times. For these reasons, a fixed interval of 8
hours is a minimal choice for night protection.

Though results vary from one country to another, data show (see Fig. 2 as an exam-
ple) that an 8-hour interval protects around 50% of the population and that it would
take a period of 10 hours to protect 80%. On Sundays, sleeping time is consistently
1 hour longer, probably due to people recovering from sleep debt incurred during the
week. It should also be borne in mind that (young) children have longer sleeping
times.

! Lyighe is defined in the END as the outside level. In order to avoid any doubt, the suffix “outside” is added in
this document.
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Source: http:/lwww.ine.pt/prodservidestaquelarquivo.asp,
based on a study by the Instituto Nacional de Estatistica Portugal, 1999.

NOISE, SLEEP AND HEALTH

There is plenty of evidence that sleep is a biological necessity, and disturbed sleep is
associated with a number of health problems. Studies of sleep disturbance in chil-
dren and in shift workers clearly show the adverse effects.

Noise disturbs sleep by a number of direct and indirect pathways. Even at very low
levels physiological reactions (increase in heart rate, body movements and arousals)
can be reliably measured. Also, it was shown that awakening reactions are relative-
ly rare, occurring at a much higher level than the physiological reactions.

DEFINITION OF “SUFFICIENT” AND “LIMITED"” EVIDENCE

Sufficient evidence: A causal relation has been established between exposure to night
noise and a health effect. In studies where coincidence, bias and distortion could rea-
sonably be excluded, the relation could be observed. The biological plausibility of
the noise leading to the health effect is also well established.

Limited evidence: A relation between the noise and the health effect has not been
observed directly, but there is available evidence of good quality supporting the
causal association. Indirect evidence is often abundant, linking noise exposure to an
intermediate effect of physiological changes which lead to the adverse health effects.

The working group agreed that there is sufficient evidence that night noise is relat-
ed to self-reported sleep disturbance, use of pharmaceuticals, self-reported health
problems and insomnia-like symptoms. These effects can lead to a considerable bur-
den of disease in the population. For other effects (hypertension, myocardial infarc-
tions, depression and others), limited evidence was found: although the studies were
few or not conclusive, a biologically plausible pathway could be constructed from
the evidence.
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An example of a health effect with limited evidence is myocardial infarction.
Although evidence for increased risk of myocardial infarction related to Ly,, is suf-
ficient according to an updated meta-analysis, the evidence in relation to Lyjehe, outside
was considered limited. This is because Lyjghe outside 1S @ relatively new exposure indi-
cator, and few field studies have focused on night noise when considering cardiovas-
cular outcomes. Nevertheless, there is evidence from animal and human studies sup-
porting a hypothesis that night noise exposure might be more strongly associated
with cardiovascular effects than daytime exposure, highlighting the need for future
epidemiological studies on this topic.

The review of available evidence leads to the following conclusions.

¢ Sleep is a biological necessity and disturbed sleep is associated with a number of
adverse impacts on health.

e There is sufficient evidence for biological effects of noise during sleep: increase in
heart rate, arousals, sleep stage changes and awakening.

e There is sufficient evidence that night noise exposure causes self-reported sleep dis-
turbance, increase in medicine use, increase in body movements and (environmen-
tal) insomnia.

¢ While noise-induced sleep disturbance is viewed as a health problem in itself (envi-
ronmental insomnia), it also leads to further consequences for health and well-
being.

e There is limited evidence that disturbed sleep causes fatigue, accidents and reduced
performance.

¢ There is limited evidence that noise at night causes hormone level changes and clin-
ical conditions such as cardiovascular illness, depression and other mental illness.
It should be stressed that a plausible biological model is available with sufficient
evidence for the elements of the causal chain.

VULNERABLE GROUPS

Children have a higher awakening threshold than adults and therefore are often seen
to be less sensitive to night noise. For other effects, however, children seem to be
equally or more reactive than adults. As children also spend more time in bed they
are exposed more to night noise levels. For these reasons children are considered a
risk group.

Since with age the sleep structure becomes more fragmented, elderly people are more
vulnerable to disturbance. This also happens in pregnant women and people with ill
health, so they too are a group at risk.

Finally, shift workers are at risk because their sleep structure is under stress due to
the adaptations of their circadian rhythm.
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THRESHOLDS FOR OBSERVED EFFECTS

The no observed adverse effect level (NOAEL) is a concept from toxicology, and is
defined as the greatest concentration which causes no detectable adverse alteration
of morphology, functional capacity, growth, development or lifespan of the target
organism. For the topic of night noise (where the adversity of effects is not always
clear) this concept is less useful. Instead, the observed effect thresholds are provid-
ed: the level above which an effect starts to occur or shows itself to be dependent on
the exposure level. It can also be a serious pathological effect, such as myocardial
infarctions, or a changed physiological effect, such as increased body movement.

Threshold levels of noise exposure are important milestones in the process of evalu-
ating the health consequences of environmental exposure. The threshold levels also
delimit the study area, which may lead to a better insight into overall consequences.
In Tables 1 and 2, all effects are summarized for which sufficient and limited evi-
dence exists. For these effects, the threshold levels are usually well known, and for
some the dose-effect relations over a range of exposures could also be established.

Effect Indicator Threshold, dB

Change in cardiovascular activity * *

EEG awakening Lamaxnside 35

Biological " oility, onset of motility Lamaxinside 32
effects

Changes in duration of various
stages of sleep, in sleep structure
and fragmentation of sleep Lamaxnside 35

Table 1

Waking up in the night and/or too
Summary of

early in the morning Lamaxinside 42 effects and thresh-
Prolongation of the sleep inception old levels for
Sleep  period, difficulty getting to sleep * *  effects where
quality  Sleep fragmentation, reduced .su”ic{ent evidence
’ is available

sleeping time * *

Increased average motility

when sleeping Luight ouside 42
Self-reported sleep disturbance Lnight,outside 42
Well-being ~ Use of somnifacient drugs
and sedatives Lnight,outside 40
Medical  Epvironmental insomnia** Lnight outside 42

conditions

* Although the effect has been shown to occur or a plausible biological pathway could be constructed,
indicators or threshold levels could not be determined.

**Note that “environmental insomnia” is the result of diagnosis by a medical professional whilst
“self-reported sleep disturbance” is essentially the same, but reported in the context of a social survey.
Number of questions and exact wording may differ.
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Effect Indicator Estimated
threshold, dB
Biological effects  Changes in (stress) hormone levels * *

Drowsiness/tiredness during the

day and evening * *
Well-being
Increased daytime irritability * *
Impaired social contacts * *
Complaints Lnight,outside 35
Impaired cognitive performance * *
Table 2

Summary of effects Medical conditions  Insomnia * *
and threshold levels Hypertension Lnightoutside 50

for effects where .
. " o Obesit * *

limited evidence is A

available** Depression (in women) * *
Myocardial infarction Lnightoutside 50

Reduction in life expectancy

(premature mortality) * *
Psychic disorders Lnight,outside 60
(Occupational) accidents * *

* Although the effect has been shown to occur or a plausible biological pathway could be constructed, indica-
tors or threshold levels could not be determined.
** Note that as the evidence for the effects in this table is limited, the threshold levels also have a limited
weight. In general they are based on expert judgement of the evidence.

RELATIONS WITH Ly GHT, ouTSIDE

Over the next few years, the END will require that night ‘noise’ exposures are
reported in Lpjohe ourside- It 18, therefore, interesting to look into the relation
between Lyighe outside and adverse health effects. The relation between the effects
and Lyjghe, ourside 15, however, not straightforward. Short-term effects are mainly
related to maximum levels per event inside the bedroom: L, inside- In order to
express the (expected) effects in relation to the single European Union indicator,
some calculation needs to be done. The calculation for the total number of effects
from reaction data on events (arousals, body movements and awakenings) needs
a number of assumptions. The first that needs to be made is independence:
although there is evidence that the order of events of different loudness strongly
influences the reactions, the calculation is nearly impossible to carry out if this is
taken into consideration. Secondly, the reactions per event are known in relation
to levels at the ear of the sleeper, so an assumption for an average insulation value
must be made. In the report a value of 21 dB has been selected. This value is,
however, subject to national and cultural differences. One thing that stands out is
the desire of a large part of the population to sleep with windows (slightly) open.
The relatively low value of 21 dB takes this into account already. If noise levels
increase, people do indeed close their windows, but obviously reluctantly, as com-
plaints about bad air then increase and sleep disturbance remains high. This was
already pointed out in the WHO Guidelines for community noise (1999).
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From source to source the number of separate events varies considerably. Road
traffic noise is characterized by relatively low levels per event and high numbers,
while air and rail traffic are characterized by high levels per event and low num-
bers. For two typical situations estimates have been made and presented in
graphical form. The first is an average urban road (600 motor vehicles per night,
which corresponds roughly to a 24-hour use of 8000 motor vehicles, or 3 mil-
lion per year, the lower boundary the END sets) and the second case is for an
average situation of air traffic exposure (8 flights per night, nearly 3000 per

year).

Fig. 3 shows how effects increase with an increase of Lyjgpe outside Values for the
typical road traffic situation (urban road). A large number of events lead to high
levels of awakening once the threshold of L,y inside 15 exceeded. To illustrate
this in practical terms: values over 60 dB Lyjgh¢ ourside OcCur at less then 5 metres

from the centre of the road.

In Fig. 4 the same graph is presented for the typical airport situation. Due to a lower
number of events there are fewer awakenings than in the road traffic case (Fig. 3),
but the same or more health effects. In these examples the worst case figures can be
factors higher: the maximum number of awakenings for an Lyjehe ourside Of 60-65 dB

is around 300 per year.
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A recent study suggests that high background levels of noise (from motorways) with
a low number of separate events can cause high levels of average motility.

Therefore, by using the L

night, outside a5 @ single indicator, a relation between effects

and indicator can be established. For some effects, however, the relation can be
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source dependent. Although L gives a good relation for most effects, there is a
difference between sources for some. Train noise gives fewer awakenings, for
instance. Once source is accounted for, the relations are reasonably accurate.

RECOMMENDATIONS FOR HEALTH PROTECTION

Based on the systematic review of evidence produced by epidemiological and
experimental studies, the relationship between night noise exposure and health
effects can be summarized as below. (Table 3)

Below the level of 30 dB Lyjgh: qursides N0 effects on sleep are observed except for
a slight increase in the frequency of body movements during sleep due to night
noise. There is no sufficient evidence that the biological effects observed at the
level below 40 dB Lyighe ourside ate harmful to health. However, adverse health
effects are observed at the level above 40 dB Lyjope oueside » Such as self-reported
sleep disturbance, environmental insomnia, and increased use of somnifacient
drugs and sedatives.

Therefore, 40 dB Lyjghe, ouside 1S €quivalent to the lowest observed adverse effect
level (LOAEL) for night noise. Above 55 dB the cardiovascular effects become the
major public health concern, which are likely to be less dependent on the nature
of the noise. Closer examination of the precise impact will be necessary in the
range between 30 dB and 55 dB as much will depend on the detailed circumstances
of each case.
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Average night noise ~ Health effects observed in the population

level over a year

Lnight, outside

Up to 30 dB Although individual sensitivities and circum-
stances may differ, it appears that up to this level
no substantial biological effects are observed.
Lpight,outside Of 30 dB is equivalent to the no
observed effect level (NOEL) for night noise.

30 to 40 dB A number of effects on sleep are observed from this
range: body movements, awakening, self-reported
sleep disturbance, arousals. The intensity of the Taple 3
effect depends on the nature of the source and the Effects of different
number of events. Vulnerable groups (for example levels of night noise
children, the chronically ill and the elderly) are on the population's
more susceptible. However, even in the worst cases health
the effects seem modest. Lyiohe, outside Of 40 dB is
equivalent to the lowest observed adverse effect
level (LOAEL) for night noise.

40 to 55 dB Adverse health effects are observed among the
exposed population. Many people have to adapt
their lives to cope with the noise at night. Vulnerable
groups are more severely affected.

Above 55 dB The situation is considered increasingly danger-
ous for public health. Adverse health effects
occur frequently, a sizeable proportion of the
population is highly annoyed and sleep-dis-
turbed. There is evidence that the risk of cardio-
vascular disease increases.

A number of instantaneous effects are connected to threshold levels expressed in
Lamax- The health relevance of these effects cannot be easily established. It can be
safely assumed, however, that an increase in the number of such events over the base-
line may constitute a subclinical adverse health effect by itself leading to significant
clinical health outcomes.

Based on the exposure-effects relationship summarized in Table 3, the night noise
guideline values are recommended for the protection of public health from night
noise as below.

Table 4
Night noise guideline (NNG)  Lyigne oursice = 40 dB Recommended night
Interim target (IT) Loight,ouside = 95 dB noise guidelines
’ for Europe

! Liighe, outside 18 the night-time noise indicator (Lygp) of Directive 2002/49/EC of 25 June 2002: the A-weighted
long-term average sound level as defined in ISO 1996-2: 1987, determined over all the night periods of a year;
in which: the night is eight hours (usually 23.00 — 07.00 local time), a year is a relevant year as regards the emis-
sion of sound and an average year as regards the meteorological circumstances, the incident sound is consid-
ered, the assessment point is the same as for Ly.,. See Official Journal of the European Communities, 18.7.2002,
for more details.
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For the primary prevention of subclinical adverse health effects related to night
noise in the population, it is recommended that the population should not be
exposed to night noise levels greater than 40 dB of Lz ousiae during the part of
the night when most people are in bed. The LOAEL of night noise, 40 dB
Lyight,outside> €an be considered a health-based limit value of the night noise guide-
lines (NNG) necessary to protect the public, including most of the vulnerable
groups such as children, the chronically ill and the elderly, from the adverse
health effects of night noise.

An interim target (IT) of 55 dB L,z outside i recommended in the situations where
the achievement of NNG is not feasible in the short run for various reasons. It
should be emphasized that IT is not a health-based limit value by itself.
Vulnerable groups cannot be protected at this level. Therefore, IT should be con-
sidered only as a feasibility-based intermediate target which can be temporarily
considered by policy-makers for exceptional local situations.

RELATION WITH THE GUIDELINES FOR
COMMUNITY NOISE (1999)

Impact of night-time exposure to noise and sleep disturbance is indeed covered in
the 1999 guidelines, as below (WHO, 1999):

“If negative effects on sleep are to be avoided the equivalent sound pressure
level should not exceed 30 dBA indoors for continuous noise. If the noise is
not continuous, sleep disturbance correlates best with L,,,, and effects have
been observed at 45 dB or less. This is particularly true if the background level
is low. Noise events exceeding 45 dBA should therefore be limited if possible.
For sensitive people an even lower limit would be preferred. It should be
noted that it should be possible to sleep with a bedroom window slightly open
(a reduction from outside to inside of 15 dB). To prevent sleep disturbances,
one should thus consider the equivalent sound pressure level and the number
and level of sound events. Mitigation targeted to the first part of the night is
believed to be effective for the ability to fall asleep.”

The 1999 guidelines are based on studies carried out up to 1995 (and a few meta-analy-
ses some years later). Important new studies (Passchier-Vermeer et al., 2002; Basner et
al., 2004) have become available since then, together with new insights into normal and
disturbed sleep. New information has made more precise assessment of exposure-effect
relationship. The thresholds are now known to be lower than Ly, of 45 dB for a num-
ber of effects. The last three sentences still stand: there are good reasons for people to
sleep with their windows open, and to prevent sleep disturbances one should consider
the equivalent sound pressure level and the number of sound events. The present guide-
lines allow responsible authorities and stakeholders to do this. Viewed in this way, the
night noise guidelines for Europe are complementary to the 1999 guidelines. This
means that the recommendations on government policy framework on noise manage-
ment elaborated in the 1999 guidelines should be considered valid and relevant for the
Member States to achieve the guideline values of this document.



CHAPTER 1
INTRODUCTION: METHODS AND CRITERIA

With regard to sleep and waking, we must consider what they are: whether they are
peculiar to soul or to body, or common to both; and if common, to what part of soul or
body they appertain: further, from what cause it arises that they are attributes of ani-
mals, and whether all animals share in them both, or some partake of the one only, oth-
ers of the other only, or some partake of neither and some of both.

(Aristotle, On sleep and sleeplessness, 350 BC)

11 INTRODUCTION

111 EXISTING POLICY DOCUMENTS FOR NIGHT-TIME NOISE

The aim of this document is to present guidance for exposure to noise during sleep.
What is already available?

There are three related documents at the international level:

¢ Guidelines for community noise (WHO, 1999)

¢ Directive 2002/49/EC relating to the assessment and management of environ-
mental noise (European Commission, 2002b)

e Position Paper on dose-effect relationships for night-time noise (European
Commission, 2004).

In Chapter 5 the relation with the Guidelines for community noise (1999) will be
explained.

The European Union (EU) Directive relating to the assessment and management of
environmental noise (or, as it is commonly known, the Environmental Noise
Directive — END), establishes that Member States should create noise maps (2007)
and action plans (2008) for parts of their territory. The noise maps should present
noise levels expressed in the harmonized indicators Ly, and Lyjgp. Although in the
first round only between 20% and 30% of the population will be covered, it is
expected that through the use of harmonized methods and indicators a deeper
insight will be gained into the exposure of the population to noise. The END does
not, however, set any limit values: on the basis of the subsidiarity principle this is left
to the Member States. The Directive does, however, require Member States to report
on their limit values and express them in the standard indicators. On the CIRCA
web site (Communication and Information Resource Centre Administrator,
European Commission, 2006) an overview of the data reported to the Commission
can be found. Out of the 25 Member States, 10 reported on the Ly}, limits. In Table
1.1 some of these data are summarized.

Due to differences in legal systems it is hard to predict what the actual effect of a cer-
tain limit value will be. It could be a relatively high value but rigidly enforced, or a
very low value with no legal binding whatsoever.

The Position Paper on dose-effect relationships for night-time noise is foreseen in the
END (Annex III) and aims to give the competent authorities a tool to evaluate the

NIGHT NOISE GUIDELINES FOR EUROPE



] METHODS AND CRITERIA

impact on the population. However, it neither provides limit values nor guidelines. The
same information that was used in the Position Paper also plays a role in these guide-

lines.
EU Member State (L aies
France 62
Germany 49
Spain 45
Netherlands 40
Table 1.1 Austria 50
Reported Lpgnt limit values Sweden 51

(converted from L, limit 30 dB(A)

for road traffic noise in new inside beduoom)

residential areas

Finland 46
Hungary 55
Latvia 40
Estonia 45
Switzerland 50

Source: European Commission, 2006.

11.2 GENERAL MODEL

There is no doubt that a relation exists between sleep and health and well-being, as
most of us know from personal experience. That does not mean, however, that this
relation is simple. People who do not sleep well may not feel well the day after, but
the reverse is also true: unfit people may have a disturbed sleep. Untangling the rela-
tions between health and disturbed sleep (night-time noise is only one of many caus-
es) proved difficult, and Fig. 2.1 at the end of Chapter 2 shows why.

Fig. 1.1.

General structure of the
report on the effects of
night noise

The general structure of the report is given in Fig. 1.1: evidence for the effects of
night-time noise on health (c) is supported by evidence on the indirect route via (a)
and (b). In Chapter 2 the relations between sleep and health are examined (relation
(b) in Fig. 1.1), and this involves clinical evidence from sleep laboratories, but also
evidence from animal experiments. In Chapter 3 it is shown how noise disturbs sleep
from the basic, autonomous level up to conscious awakenings: relation (a). Chapter
4 presents the evidence between night-time noise and health and well-being: relation
(c) in Fig. 1.1. The last chapter, Chapter 5, then provides guidance on reducing
health impacts caused by night-time noise exposure.

NIGHT NOISE GUIDELINES FOR EUROPE
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1.1.3 PROCESS OF DEVELOPING GUIDELINES

The WHO Regional Office for Europe started the night noise guidelines (NNGL)
project with a grant from the European Commission’s Directorate-General for
Health and Consumer Affairs. In 2003, the WHO Regional Office for Europe set up
a working group of experts to provide scientific advice for the development of guide-
lines for future legislation and policy action in the area of control and surveillance
of night noise exposure. The review of available scientific evidence on the health
effects of night noise was carried out by the working group to derive health-based
guideline values. The contributions from the experts were reviewed by the team and
integrated into draft reports following discussion at four technical meetings of the
working group.

The first meeting of the working group was held in Bonn, June 2004. It was agreed
that the experts would produce background papers on a number of topics identified
and assigned at the meeting.

The second meeting in Geneva, December 2004, concentrated on such technical
issues as exposure assessment, metrics, health effects and guideline set-up. The topic-
specific experts presented the first drafts for the identified topics for detailed discus-
sions at the meeting. The discussions concentrated on central issues such as exposure
assessment and guideline derivation.

The third meeting in Lisbon, April 2005, reviewed the revised background papers,
and discussed in detail the overall structure of the guidelines document, and the
process of consensus building among the working group and stakeholders.

At the workshop of acoustics experts in The Hague, September 2005, a consensus
was made on the use of Ly, as the single indicator for guideline values as it effec-
tively combines the information on the number of events and the maximum sound
levels per event over a year.

In 2006, all the draft reports collected at previous meetings were compiled by Mr.
Martin van den Berg into a coherent document on guidelines for exposure to noise
at night. The latter was revised according to the comments collected though a peer-
review by the working group experts.

At the concluding meeting in Bonn, December 2006, the working group and stake-
holders from industry, government and nongovernmental organizations reviewed the
contents of the draft document chapter by chapter, discussed several fundamental
issues and reached general consensus on the guideline values. The final implementa-
tion report of NNGL project was submitted to the EU in early 2007.

The following countries and institutes contributed to the development of Night noise
guidelines for Europe as project partners.

AUSTRIA: Institute of Hygiene and Social Medicine, University of
Innsbruck

CZECH REPUBLIC: Charles University in Prague

DENMARK: National Institute of Public Health

FRANCE: INRETS/LTE - Laboratoire Transports et Environnement
CNRS-Centre National de Recherche Scientifique

GERMANY: Umweltbundesamt—Federal Environmental Agency

Landesgesundheitsamt Baden-Wiirttemberg
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ITALY: ARPAT -Environmental Protection Agency, Tuscany
Region
University of Rome “La Sapienza”- Center for Pediatric
Sleep Disorders

NETHERLANDS: TNO-Netherlands Organisation for Applied Scientific
Research
RIVM —National Institute of Public Health and the
Environment

POLAND: University of Warsaw, Clinic of Psychiatry of the Medical
Academy

PORTUGAL: IST -Instituto Superior Técnico

SLOVENIA: Institute of Public Health of the Republic of Slovenia

SWEDEN: University of Givle, Centre for Built Environment

UNITED KINGDOM: Queen Mary and Westfield College, University of London

In addition, WHO received advice and support from a number of national experts
who participated in the working group. The affiliations of these additional expert
advisers include:

CANADA: Health Canada

GERMANY: Forschungs- und Beratungsbiiro Maschke

SWITZERLAND: Bundesamt fiir Umwelt, Wald und Landschaft
Universitit St. Gallen, Institut fiir Wirtschaft und
Okologie

NETHERLANDS: Ministry of Housing, Spatial Planning and Environment

UNITED KINGDOM: Casella Stanger Environmental Consultants

Since the project report was published on the EU web site, various comments were
received from experts who have not participated in the working group. The most
critical points were regarding the achievability of guideline values in practice.
Responding to these feedbacks, the WHO Regional Office for Europe, prepared a
revision of guidelines and recommendations, and consulted with international
experts and stakeholders including the EU. As of late 2008, it was agreed that the
guideline should be based on the lowest observed adverse effects level (LOAEL)
rather than the no observed effects level (NOEL). Interim target was also introduced
as a feasibility-based level.

1.2 STRENGTH OF EVIDENCE

1.2.1 BASIC CONCEPTS

This document uses well-established practices from other disciplines and policy
fields. Of main interest here are evidence-based medicine, the use of epidemiological
evidence for environmental risk assessment and experiences with — principally- air
quality guidelines.

The concept of “evidence” is further formalized, as variations in wording and scope
are currently in use.

NIGHT NOISE GUIDELINES FOR EUROPE
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1.2.2 RISK ASSESSMENT AND RISK CONTROL

Fig. 1.2

Elements of risk control
[iY!) X3 Source:

Health Council of the
Netherlands, 2004.

Ris|

Problem
description

< Possible Implementation

& control

Interaction with stakeholders

Fig. 1.2 outlines a general approach for risk assessment and control. This approach
consists of the following steps:

. problem description: assessing the impact on the population
. risk analysis: evaluation of impact

. risk evaluation: assessing impact considered undesirable

. assessment of options to avoid or reduce impact

. cost-benefit analysis of the options or of the mix of options
. assessment of the preferred option

. implementation and control.

NNy W~

It is important to observe that guideline values can be an input to, as well as an output
of this process. At lower levels of decision (a particular infrastructure project, for
instance) a preset guideline value reduces — intentionally — the degrees of freedom in the
process. At the highest national or international level a guideline value is the outcome.
As the scope of this document is to present the health consequences of night-time
noise exposure (and not so much the economic outcomes of the choice of a certain
value) it concentrates on the first three elements in the risk assessment block.

The following questions need to be addressed.

e What is the strength of the available evidence — what are the uncertainties?
e What is the health significance for the effects found?

¢ How serious is the impact on health?

¢ Does every instance of exposure lead to an effect and how are they related?
® How can the number of affected people be established?

1.2.3 CAUSE-EFFECT CHAIN

Underlying this approach is the notion of a cause—effect chain between environmen-
tal factors and health, symbolically simplified in Fig. 1.3.

Fig. 1.3

Cause-effect chain

els Exposure
tal

physiological)

Source: Health Council of the Netherlands, 2004.
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There are important questions that need to be asked.

e Is there a causal relation between one link in the chain and the next?
e What are the intervening factors in that relation?
¢ How strong is the evidence for the relations?

The last question is the hardest to answer, as “strength of evidence” is not easy to express
in simple numbers or labels. There are two forms of uncertainty: uncertainty because of
variability of outcomes and uncertainty due to a lack of knowledge.

For the purpose of this document the following classification will be used, largely based on
the TARC (International Agency for Research on Cancer) criteria accessible at
http://monographs.iarc.fr/ENG/Preamble/currentbéevalrationale0706.php (see Table 1.2).

Grade of evidence

Sufficient evidence

Limited evidence

Table 1.2
Classification of
evidence

Insufficient evidence

Criteria

A causal relation has been established between expo-
sure to night-time noise and an effect. In studies
where coincidence, bias and distortion could reason-
ably be excluded, the relation could be observed and
it is plausible that the effect is (also) caused by the
exposure.

A relation was observed between exposure to night-
time noise and an effect in studies where coincidence,
bias and distortion could not reasonably be excluded.
The relation is, however, plausible.

A direct relation between cause and effect has not
been observed, but there is indirect evidence of good
quality and the relation is plausible. Indirect evidence
is assumed if exposure leads to an intermediate effect
and other studies prove that the intermediate effect
leads to the effect.

Available studies are of low quality and lack signifi-
cance to allow conclusions about causality of the rela-
tion between exposure and effect. Plausibility of the
relation is limited or absent.

1.2.4 PROCEDURE FOR DERIVING GUIDELINES

The following procedure was followed in order to derive an ordering of guideline values:

. collection of relevant data

AW =

. evaluation of data in terms of strength of evidence
. evaluation of data in terms of biological effects, health and well-being
. ranking of guideline values.

This procedure is essentially the same as in other guideline documents, although steps

are more explicitly formalized.

A major difference is that sound is a natural environmen-

tal quality, which makes defining a no-effect level a futile exercise. Therefore the choice
was made for a series of levels with increasing severity of effects.

NIGHT NOISE GUIDELINES FOR EUROPE
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1.3 CONSIDERATIONS WITH REGARD
TO NIGHT-TIME NOISE INDICATORS

Briefly, the fundamental choices of night-time noise indicators with respect to length
of night, use of single event descriptors and long-term average are commented on to
assist the reader in understanding the relations presented in later chapters.

1.3.1 LENGTH OF NIGHT

Time use studies (Centre for Time Use Research, 2006) show that the average time
adult people are in bed is around 7.5 hours, so the real average sleeping time is some-
what shorter. Due to personal factors such as age and genetic factors there is consid-
erable variation in sleeping time and in beginning and end times. For these reasons,
a fixed interval of 8 hours is a minimal choice for night-time protection. From Fig.
1.4 it can be noted that around 50% of the population is protected with an interval
of 8 hours and it would take a period of 10 hours to protect 80%. On Sundays,
sleeping time is consistently one hour longer, probably due to people recovering from
sleep debt incurred during the week. Data for other countries are readily available
but this is the only study covering a long period in a consistent way. Fig. 1.5 (from
a time use study in Portugal) shows that the stable pattern found in the Netherlands
(Fig. 1.4) is not only typical for northern Europe, but also for the southern part. The
pattern, however, seems to have shifted slightly. These figures stress that sleep times
might be biologically fixed in humans, and culture has almost no influence.
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Fig. 1.4 Fig. 1.5
Sleep pattern of Dutch population on weekdays Percentage of time that the Portuguese population
and Sundays, 1980-2005 spend asleep or in different activities

Source: http:/lwww.ine.pt/prodservi/destaquelarquivo.asp, based on
a study by the Instituto Nacional de Estatistica Portugal, 1999

1.3.2 EVENT OR LONG-TERM DESCRIPTOR

Much attention has been paid to the use of single event descriptors such as Ly .«
(maximum outdoor sound pressure level) and SEL (sound exposure level). As the
Position Paper on EU noise indicators (European Commission, 2000) points out,
this is an important laboratory tool to describe instantaneous reactions to noise. But
when it comes to long-term protection, the number of events is equally important.
The possibility of predicting after-effects like sleepiness, reaction time, sleeping pill
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use and health complaints, in particular, requires a combination of a number of
events and their level instead of just the average L, Or average SEL. For events
with a similar time pattern there is a relatively simple relation between Ly, and
SEL, and therefore between Ly, and Lyjgp, (night-time noise indicator as defined
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/,,nght
[
70,0
' Lmax | noise event
| —
_ | | |
i < w0 ] I f n | | 1
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Amax an (S { I e
-
@ 400
30,0
20,0 T T T
00:00:00  01:00:00 02:00:00 03:00:00 04:00:00 05:00:00
Source: European Commission, 2000 Time (hrs)

by the END - see paragraph 1.3.4 below). Appendix 2 describes this in detail. For
now let it suffice to say that a choice for an Ly}, level ties the Ly, related effects
to a maximum and therefore allows for a protective/conservative approach.

Fig. 1.6 is based on a sound recording in a bedroom for one night. The top of the
peaks are the Ly,  levels, the total energy is the Ly, (thick horizontal line). The
sound energy in one event is the SEL (not represented). In reality the Ly, is the
average over all nights in one year. This reasoning applies also to the issue of long-
term average. A value for an arbitrary single night will, except in extreme cases, bear
no relationship to an individual’s long-term health status, whereas a sustained suffi-
ciently high level over a long period may.

1.3.3 NUMBER OF EVENTS
There is no generally accepted way to count the number of (relevant) noise events.
Proposals range from the number of measured Ly ,,, the number of units (vehicles,
aeroplanes, trains) passing by, to the number exceeding a certain Ly, level (com-
monly indicated by NAxx; NA70 is the number of events higher than 70 dB).

1.3.4 CONVERSION BETWEEN INDICATORS

1.3.4.1 Introduction

Lpighe is defined as the 1 year Ly, (exposure to noise) over 8 hours outside at the
most exposed facade. For the purpose of strategic noise mapping and reporting the
height is fixed at 4 metres. As Ly, is a relatively new definition and because the
studies rarely cover such a long period, the research data are rarely expressed in
Lpighe- The most frequently used noise descriptor in sleep research is the Ly, or
SEL near the sleeper. This means that a considerable amount of conversion work
needs to be done if relations are to be expressed in Ly, There are four issues:

e conversion between SEL and Ly .«

e conversion from instantaneous to long-term

e conversion from inside to outside

e conversion from (outside) bedroom level to most exposed facade.

NIGHT NOISE GUIDELINES FOR EUROPE
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Further background information on these issues is provided in section 1.3.5. This
section details the conversions that are actually carried out.

1.3.4.2 SEL to Ly,
SEL is only used for aircraft noise in this report and, according to Ollerhead et al.
(1992) from ground-based measurements, the following relation was found:

SEL = 23.9+0.81%Lmax [1].
A more general approach can be used to estimate SEL for transportation noise.

If the shape of the time pattern of the sound level can be approximated by a block
form, then SEL=L,. .. + 10lg t, where t (in seconds) is the duration of the noise
event. This rule can be used, inter alia, for a long freight train that passes at a short
distance. When t is in the range from 3 to 30 seconds, then SEL is 5-15 dB higher
than Ly, For most passages of aircraft, road vehicles or trains, the shape of the
time pattern of the sound level can be better approximated with a triangle. If the
sound level increases with rate a (in dB per second), and thereafter is at its maximum
for a short duration before it decreases with rate -a, then SEL=L, .., — 10lg(a) + 9.4.
Depending on the distance to the source, for most dwellings near transportation
sources the rate of increase is in the order of a few dB per second up to 5 dB per sec-
ond. When (a) is in the range from 9 dB to 1 dB per second, then SEL is 0-9 dB high-
er than Ly .-

1.3.4.3 Events to long-term
When the SEL values are known (if necessary after converting from Ly,,,) they can
be converted to Lo In general terms, the relation between L and SEL is:

night
L,p, = 10%lg 3, 10SELi/10 — 10%1g (T).

night
If all (N) events have approximately the same SEL level, this may be reduced to:
Lpighe = SEL + 10*1g(N) - 70.2 [2],

in which:
N = the number of events occurring in period T;
T = time during which the events occur in seconds. For a (night) year 10lg(T) is 70.2.

The notation adheres to the END where the L1, is defined as a year average at the
most exposed facade. Any reference to an inside level is noted as such, that is, as
Lnight,insiqe- In order to avoid any doubt the notation L may be used, for
instance in tables where both occur.

night, outside

1.3.4.4 Inside to outside

As the Lyl is a year value, the insulation value is also to be expressed as such. This
means that if the insulation value is 30 dB with windows closed and 15 dB with windows
open, the resulting value is 18 dB if the window is open 50% of the time. If these win-
dows are closed only 10% of the time, the result is little more than 15 dB. The issue is
complicated by the fact that closing behaviour is, to a certain extent, dependent on noise
level. When results about effects are expressed with indoor (that is, inside bedrooms)
exposure levels, they need to be converted to Lo, in accordance with the END defini-
tion. The most important assumption is the correction for inside levels to outside levels.
An average level difference of 21 dB has been chosen, as this takes into account that even
in well-insulated houses windows may be open a large part of the year. In general:
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Liight = Luight, inside + Y dB (3].

Y is the year average insulation value of the (bedroom) facade. In this report a
default value of 21 dB is used (see also section 1.3.5). It should be stressed that this
conversion is thought to be highly dependent on local building habits, climate and
window opening behaviour.

1.3.4.5 Most exposed facade

If an inside level is converted to an outside level with [3], it is assumed that this is
equivalent to an Ly, value on the most exposed facade. No information is avail-
able on bedroom position and use, so no explicit conversion factor can be given in
this report.

This means that the effect estimated on the basis of Ly}, corresponds to an upper
limit, because part of the bedrooms will be on a less exposed facade. If an estimate
of the exposed population is based on a relation derived with [3], the actual preva-
lence will be less. From a practical point of view the most exposed facade safeguards
protection in cases where there is a possibility that rooms can be swapped.

It should be pointed out that the above does not apply if a relation is based on Ly,
values which are directly measured or computed. These relations will show a large
variation because of a misclassification effect, but they give a “correct” estimate of
the prevalence of effects in the population. In other words, in some cases a low effect

may be attributed to a high L, because the bedroom is on the quiet side.

1.3.5 INSIDE/OUTSIDE DIFFERENCES
Night-time environmental noise affects residents mainly inside their homes. In order to
protect residents inside their homes from noise from outside sources, attention should
be focused on windows since they are generally the weakest points in the sound prop-
agation path. Roofs must also be considered with regard to aircraft noise.

There are many types of window in the EU, varying from single thin panes within
frames without additional insulation, to four-pane windows within insulated frames.
The simplest types of facade have a sound reduction (from outside to inside) of usu-
ally less than 24 dB, and the most elaborate facades (built to cope with cold climates,
for example), have sound reductions of more than 45 dB. In central Europe, most
windows are double-glazed, mounted in a rigid and well-insulated frame. Their
range of sound reduction is between 30 dB and 35 dB when closed.

When night-time environmental noise reaches high levels, residents tend to close their
bedroom windows (cf. Langdon and Buller, 1977; Scharnberg et al., 1982;
Schreckenberg et al., 1999; Diaz et al., 2001). The studies by Scharnberg et al. and
Schreckenberg et al. found that more than 50% of bedroom windows are closed when
outside road traffic noise levels exceed 55 dB (Ly.q). These findings have been replicat-
ed in Sweden, according to recent results from the Swedish soundscape research pro-
gramme on road traffic noise (Fig. 1.7). Nevertheless, while residents with closed win-
dows reported a reduction of sleep disturbances due to noise, they also reported an
increase in sleep disturbances due to poor ventilation. Schreckenberg et al. (1999)
report a much steeper increase in the incidence of closed windows when road traffic
noise reaches high levels than is the case with increased levels of railway noise. Even
when night-time noise levels reach 55 B, only 35% of the residents exposed to railway
noise reported that they closed their windows at night.
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Source: Obrstrom, in European Commission, 2002a.

When windows are slightly open, outside sound levels are usually reduced by 10-15 dB.
It should be kept in mind that most European residents want to keep their bedroom
windows slightly open at night in order to provide proper ventilation (Scharnberg et al.,
1982; Lambert and Plouhinec, 1985; Lambert and Vallet, 1994), and the WHO paper
on community noise (WHO, 1999) also recommends that people should be able to sleep
with their bedroom windows open.

Passchier-Vermeer et al. (2002) carried out detailed noise measurements inside and out-
side the bedroom and at the same time measured window position with sensors. The
results (Table 1.3) showed that windows are fully closed only in 25% of the nights.

Window position % nights
Table 1.3

Cl.osed e Window positions during
Slightly open 43 h period

d width 23 research perio
Hand wi (April-November)
Half open 5
Fully open 4

This results in average inside/outside differences of around 21 dB, with there being
only a slight difference between single- and double-glazed windows (Table 1.4). The
survey did not include dwellings which had been specifically insulated against noise.
Nevertheless, there was a large variation in insulation values.

Single-glazed window Double-glazed window

Table 1.4
Average Average inside/outside
difference 21.3 22.2 differences in dB

at night

It should be stressed that this figure only applies to facades that have not been fitted
with special appliances to reduce noise impact. To give an extreme example of where
this general finding does not apply, rooms may be equipped with air conditioning so
that windows can stay closed or could even be sealed. Less drastic provisions are
sound-attenuated ventilation openings. Little is known, however, about the inhabi-
tants’ experiences (long-term use, appreciation) of these and other solutions. For
example, sound-attenuated ventilation openings are sometimes blocked in order to
cut out draughts.
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1.3.6 BACKGROUND LEVEL

A simple definition of background level or “ambient noise” level is the noise that is
not targeted for measurement or calculation. Background noise can interfere with
the target noise in a number of ways. It can:

¢ mask the signal
e interact physically
e interact psychologically.

As this report is often dealing with low-level target noise, masking is an important
issue. The other two interactions are more important in the domain of annoyance.
Masking, however, is a complex process. The human auditory system is uncannily
good at separating signals from “background”. Microphones (and the software behind
them) have been slow to catch up, as the unsatisfactory results show when it comes to
automatically recognizing aircraft in long-term unmanned measuring stations.

The rule of thumb that a noise can be considered masked if the signal is 10 dB below
the background is only valid if the noises have the same frequency composition and
if they actually occur at the same time. This is particularly important to stress where
Ljcq levels are compared: even a relatively continuous motorway of 50 dB cannot
mask aircraft noise of 30 dB, because this may be composed of five aircraft arriving
atan L. of 57 dB. Neither can birdsong, because the frequency domains do not
overlap.

Another factor relevant for this report is that background levels are lower at night-
time than they are in the daytime. This is true for most man-made noises, but also
for the natural background levels as wind speeds at night slow down.

Most levels mentioned in this report do not take background levels into account —
explicitly. Where long-term L., levels are related to effects like hypertension and
self-reported sleep disturbance, background levels are ignored, but they could
obscure the effect at the lower end of the scale. This then influences the lowest level
where an effect starts to occur.

In sleep laboratory studies the background level is kept as low as possible, around
30 dB. The background of the instrumentation is 20 dB.

In semi-field experiments it has been found that background noise levels inside bed-
rooms are very low, partly because people tend to choose their bedrooms on the
quiet side of the building. This may have the side-effect of exposing children to high-
er levels.

1.3.7 CHOICE OF INDICATORS FOR REGULATORY PURPOSES

From the scientific point of view the correct choice for a noise indicator is its perform-
ance in predicting the effect. There are, however, a number of additional criteria which
may influence the choice. Firstly, for different health end points different indicators
could be suitable. Further considerations are of a more political nature, as mentioned in
the Position Paper on EU noise indicators (European Commission, 2000). Indicators
should also be easy to explain to the public — intuitively understandable, avoiding
unnecessary breaks with current practice and enforceable. This is probably why in many
countries Ly, .. is a popular indicator: it has undeniable qualities in these areas.
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This is also the case for Ly, indicators for short periods of, for example, one or a
few hours in the middle of the night. Other fashionable indicators are those looking
at numbers above a threshold.

For these indicators the relation between health end points and their values is either
not well established, or the correlation between them and current indicators is high,
or the correlation between the indicator and an effect is low.

1.4 EXPOSURE IN THE POPULATION

1.4.1 NOISE LEVELS

Surprisingly little information is available on the exposure of houses to night-time
noise. It is possible that, in a few years time, the END will lead to the creation of a
substantial database on these levels, but up till now only two countries have detailed
data available (Table 1.5).

Lnight in dB
Table 1.5
Country 40-45 46-50 51-55 56-60 61-65+ Ppercentage of
) ; dwellings per
Switzerland (Miiller-Wenk, 2002) - 24% 14% 7% 2% noise class of
Netherlands 25% 31% 19% 6% 1% Lnignt in dB

(Nijland and Jabben, 2004)

Notwithstanding the obvious differences between these two countries, the data show
a remarkable similarity.

A first result of the END (see Table 1.6) comes from a study into night regulations
for (large) airports (Wubben and Busink, 2004).

Airport Number of Number of night  Night operations as
inhabitants operations per year percentage of
daytime operations  Tapje 1.6
Number of inhabitants

Amsterdam 21 863 23 462 5.8% within 45 L e contour
Frankfurt 134 651 46 662 10.1%
London 477 289 26 465 5.7%
Paris 180 184 51683 10.3%

1.4.2 REPORTED NIGHT-TIME NOISE DISTURBANCE

Complaints about night-time exposure to noise are widespread and not exactly new:
Roman writers used to complain about the racket in the streets at night (Juvenal,
160). Surprisingly, little detailed information is available today.

Nevertheless, data collected from a few Member States can help to give an impres-
sion of the order of magnitude of effects.
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Fig. 1.8 shows the relative contributions to overall sleep disturbance caused by noise
from different sources in the Netherlands. These data were derived from surveys in
1998 and 2003 (van Dongen et al., 2004) in which 4000 and 2000 people, random-
ly selected, were asked: “To what extent is your sleep disturbed by noise from
[source mentioned]...” on a scale from 1 to 10. People recording the three highest
points in the scale were considered “highly disturbed”, according to an internation-
al convention. The totals are calculated from the number of people reporting serious
sleep disturbance from one or more sources.

Unfortunately, comparable research data from other countries or regions is not
available, and there is reason to believe that there may be considerable differences in
the figures. Since this study is based on a survey conducted in the Netherlands, it is
not representative for other Member States in the EU. General (not specific for night-
time) annoyance data from Germany and the United Kingdom give an indication
that similar numbers of people are affected.

Year
(W 1908
8 [ 2003
Fig. 1. g = =
Percentage of gf::
population highly <16
disturbed by noise 14+
during sleep in the B 12 i
Netherlands E-_";j ]

I I ;J'[ .ﬂ' _"_'
TOLH | Road traffic Air traffic Rail traffic Industry
Meighbours Recreation Construction

However, the fact that other noise nuisances may contribute significantly to overall
sleep disturbance should not be overlooked. Further research on this topic is needed
in order to gain an insight into the contribution of various noise sources to sleep dis-
turbance.

1.5 CONCLUSIONS

The methods and criteria for deriving guidelines rest on well-established procedures
from epidemiology. To relate the effects to the dose, standard metrics will be used
wherever available. If possible, the values found in literature will be converted to
avoid confusion. Most of the conversions are relatively straightforward and depend
on physical laws; others, in particular the conversion between outside and inside lev-
els, depend on local factors and should be used only if no other information is avail-

able.

Information about night-time noise exposure is relatively scarce, despite 10 EU
Member States having limit values for night-time noise. The END could substantial-
ly increase this information (large-scale noise mapping is foreseen in 2007), increas-
ing the demand for guidance.
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CHAPTER 2

THE RELATION BETWEEN
SLEEP AND HEALTH

A night of quiet and repose in the profound silence of Dingley Dell, and an hour’s
breathing of its fresh and fragrant air on the ensuing morning, completely recovered Mr
Pickwick from the effects of his late fatigue of body and anxiety of mind.

(Charles Dickens, The Pickwick Papers, 1836)

2.1 SLEEP, NORMAL SLEEP, DEFINITIONS OF
SLEEP DISTURBANCE, CHARACTERISTICS
MECHANISMS, THE INSOMNIA MODEL

211 NORMAL SLEEP (OBJECTIVE MEASUREMENTS)

Sleep is part of living and, along with being awake, forms an inherent biological
rhythm (Cooper, 1994). Normal sleep can be defined in an objective or subjective
manner. The objective criteria are defined using a polysomnographic recording
(PSG) of sleep, the method that measures different physiological functions during
sleep. Minimal polygraphic requirements to measure sleep adequately include two
channels of electroencephalography (EEG), one channel for the electrooculogram
(EOG), and one channel for the submental electromyography (EMG). In routine
PSG, additional channels are used to assess respiration, leg movements, oxygenation
and cardiac rhythm (Ebersole and Pedley, 2003).

Scoring of sleep stages is usually done on an epoch-by-epoch basis, with a 30-second
length used as a standard. Epochs are scored according to the guidelines of
Rechtschaffen and Kales (1968). Each epoch is scored as the stage that occupies
more than 50% of that epoch. Sleep can be divided into the following stages.

e Arousal is not a uniform concept and has been defined differently by different
researchers. Commonly, the occurrence of alpha rhythms is required for EEG
arousal. Depending on the additional requirements and on the length of time that
the slower cortical rhythms are interrupted, arousals have been called, for instance,
micro-arousal, minor arousal, EEG awakening or transient activation phases. The
American Sleep Disorders Association (1992, 1997) devised a scoring system, tak-
ing sequences of 3—-15 seconds into account for transient arousals which are not
transferred to macroscopic behavioural awakening. Eleven further criteria must be
met (see also Chapter 3, section 3.1.2).

Vegetative arousals are activations of the sympathic nervous system.

Stage W corresponds to the waking stage and is characterized by alpha activity or
low-voltage, mixed-frequency EEG activity. Rapid eye movements (REMs), eye
blinks, and tonic EMG activity are usually present.

Stage 1 is scored when more than 50% of an epoch is low-voltage, 2-7 Hertz (Hz) activ-
ity. Vertex waves may occur in late stage 1. Slow rolling eye movements lasting several
seconds are routinely seen early in stage 1, but K complexes and sleep spindles are absent
by definition. Tonic EMG activity is usually less than that of relaxed wakefulness.
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o Stage 2 requires the presence of sleep spindles or K complexes, and less than 20%
of the epoch contains delta activity. Bursts of sleep spindles must last at least 0.5
seconds before they can be scored. K complexes are defined as biphasic vertex
sharp waves with a total duration of greater than 0.5 seconds.

Stage 3 is scored when 20-50% of an epoch consists of delta activity that is 2 Hz
or slower and is greater than 75 pV in amplitude. Sleep spindles may or may not
be present.

e Stage 4 is scored when more than 50% of an epoch consists of delta activity that
is 2 Hz or slower and is more than 75 pV in amplitude. Reliable differentiation of
stage 3 and stage 4 sleep is difficult by visual inspection, and most laboratories
combine stages 3 and 4 into a single determination of slow-wave sleep (SWS).

Stage REM is characterized by relatively low-voltage, mixed-frequency EEG activ-
ity with episodic REMs and absent or markedly reduced axial EMG activity.
Phasic EMG activity may occur, but tonic activity must be at a level that is as low
as, or lower than, that during any other time in the study. Sleep spindles and K
complexes are absent. Series of 2- to 5- Hz vertex-negative “saw-tooth waves”
occur, particularly just before phasic REM activity. The requirements to score sleep
as REM sleep are: REMs, low or absent axial EMG, and typical mixed-frequency
EEG recording that does not preclude the scoring of REM.

Movement time is scored when more than 50% of an epoch is obscured by move-
ment artefact. Movement time must be preceded or followed by sleep and is thus dis-
tinguished from movement occurring during wakefulness.

Additional sleep values are determined from each sleep study and contribute to the
clinical interpretation of the study. These additional variables include the following.

¢ Recording time is the time elapsed between “lights out” and “lights on™ at the end
of the study.

e Total sleep time (TST) is the total time occupied by stage 1, stage 2, SWS and REM
sleep.

o Sleep efficiency (SE) is defined as total sleep time divided by recording time and is
expressed as a percentage.

o Sleep latency (SL) is the time from “lights off” to the first epoch scored as sleep.
Some authors prefer to use the first epoch of stage 2 in order to be more confident
about identifying the onset of sustained sleep. However, when sleep is very disrupt-
ed, there may be an extended interval from recognition of stage 1 until an epoch
that can be scored as stage 2.

e REM latency is the time from sleep onset (as described earlier) to the first time
period scored as REM, minus any intervening epochs as wakefulness.

o Sleep stage percentages (% in stage 1, stage 2, SWS and REM sleep) are determined
by dividing time recorded in each sleep stage by total sleep time.

e Wake after sleep onset (WASO) is time spent awake after sleep onset.
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The objective criteria defining normal sleep are based on: sleep latency, total sleep
time, sleep efficiency and the number of awakenings, including cortical arousals.
However, all these parameters are age-related, sometimes also gender-related, and
may vary from one individual to another.

Normal sleep has a clearly defined architecture that is relatively stable. Predictable
changes in sleep architecture occur with age. Beginning in middle age, SWS becomes
less prominent, the number of awakenings increase, and sleep efficiency decreases.
Published information on normal sleep can serve as an outline for normal values in
PSG (Williams, Karacan and Hursch, 1974; see also Table 2.1), but each laboratory
must study control subjects to identify any significant effects on sleep that result
from differences in technique or environment (Ebersole and Pedley, 2003).

Sleep parameter

(normal values) 20-29 years 40-49 years 60-69 years
TST (min) 419 389 407
Sleep efficiency
(TST/TIB?) 95% 91% 90%  Table 2.1
WASO 1% 6% 8% Average no.rmal values for
Stage 1 (% of TST) 4% 8% 10% adults of different ages
Stage 2 (% of TST) 46% 55% 57%
SWS (% of TST) 21% 8% 2%
REM (% of TST) 28% 23% 23%
Sleep latency (min) 15 10 8
@ Time in bed

Source: Williams, Karacan and Hursch, 1974.

Passchier-Vermeer (2003a) reports that subjects not exposed to loud night noise typ-
ically report waking up one and a half to two times during an average sleep period,
while the number of EEG awakenings including cortical arousals averages 10-12 per
night (Table 2.2).

Subjects not exposed Subjective report of Number of EEG

to loud night noise ~ number of awakenings awakenings Table 2.2
Parameters of normal
Normal adult sleep

subjects 1.5-2 10-12

Source: Passchier-Vermeer, 2003a.

Night arousals result in fragmented sleep, which in turn leads to excessive daytime
sleepiness (EDS). The gold standard for the assessment of EDS is the multiple sleep
latency test (MSLT) (see Table 2.3), which provides an objective quantification of
“sleepiness”. The preceding night’s sleep requires the PSG to ensure adequate sleep
and to exclude sleep disruption. During the day, four or five nap times are scheduled
every two hours. For each scheduled nap time the patient lies down and assumes a
comfortable sleep position with the technician’s instructions to “close your eyes and
attempt to sleep”. Each nap is terminated 20 minutes after the nap time started if no
sleep occurred; or after 15 minutes of continuous sleep as long as sleep onset (SO)
criteria are met before the end of 20 minutes; or after 20 minutes if the patient awak-
ens, even if the patient has been asleep less than 15 minutes. The patient is instruct-
ed to stay awake between the nap periods.
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Group MSLT (min) No REM SO 1 REM SO 2 or more
(% of group) (% of group) REM SO
(% of group)

Table 2.3 Narcoleptics 29+27 2 2 96
Mean sleep latency EDS (non-
narcoleptic, 87+49 92 8 0
non-sleep
apnoeic)
Controls 13.4 £ 4.3 100 0 0

Source: Ebersole and Pedley, 2003.

2.1.2 DEFINITIONS OF DISTURBED SLEEP

Sleep disorders are described and classified in the International Classification of Sleep
Disorders (ICSD) (American Academy of Sleep Medicine, 2005).

When sleep is permanently disturbed and becomes a sleep disorder, it is classified in the
ICSD 2005 as “environmental sleep disorder”. Environmental sleep disorder (of which
noise-induced sleep disturbance is an example) is a sleep disturbance due to a disturb-
ing environmental factor that causes a complaint of either insomnia or daytime fatigue
and somnolence. Secondary deficits may result, including deficits in concentration,
attention and cognitive performance, reduced vigilance, daytime fatigue, malaise,
depressed mood and irritability. The exact prevalence is not known. Fewer than 5% of
patients seen at sleep disorder centres receive this diagnosis. The sex ratio is not
known. The disorder may occur at any age, although the elderly are at more risk for
developing this condition (American Academy of Sleep Medicine, 2005).

2.1.2.1 Insomnia

In the ICSD 2005 the section on insomnia includes a group of sleep disorders all of which
have in common the complaint of insomnia (adjustment insomnia, psychophysiological
insomnia, paradoxical insomnia, idiopathic insomnia, etc.), defined as repeated difficul-
ty with sleep initiation, duration, consolidation or quality that occurs despite adequate
time and opportunity for sleep and results in some form of daytime impairment.
Insomnia is a symptom that often arises from primary medical illness, mental disorders
and other sleep disorders, but may also arise from abuse or exposure. However, the gen-
eral criteria for insomnia are the same for all subgroups of insomnias.

2.1.2.2 General criteria for insomnia

A. A complaint is made concerning difficulty initiating sleep, difficulty maintaining
sleep, waking up too early or sleep that is chronically non-restorative or poor in
quality. In children, the sleep difficulty is often reported by the carer and may
consist of observed bedtime resistance or inability to sleep independently.

B.  The above sleep difficulty occurs despite adequate opportunity and circumstances
for sleep.

C. At least one of the following forms of daytime impairment related to the night-
time sleep difficulty is reported by the patient:

e fatigue or malaise

® attention, concentration, or memory impairment

e social or vocational dysfunction or poor school performance
¢ mood disturbance or irritability
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¢ daytime sleepiness

® motivation, energy, or initiative reduction

e proneness to errors or accidents at work or while driving

e tension, headaches, or gastrointestinal symptoms in response to sleep loss
e concerns or worries about sleep.

Defining the cause of a sleep/wake disturbance in an insomnia patient is a complex
task since it is often multifactorial. In fact, a confluence of factors that support mul-
tiple insomnia diagnoses may be judged important in many patients with insomnia.
Although selection of a single diagnosis is preferable and this selection may be
appropriate, such a selection should not necessarily imply the absence of a subset of
factors relevant to an alternate diagnosis. When criteria for multiple insomnia diag-
nosis are met, all relevant diagnosis should be assigned.

2.1.2.3 Environmental sleep disorder

In the ICSD 2005, environmental sleep disorder is listed in the category of “other sleep
disorders”. Noise-induced sleep disturbance is one of the disturbing environmental fac-
tors that cause a complaint of either insomnia or daytime fatigue and somnolence.

The diagnostic criteria for environmental sleep disorder are the following.

A.  The patient complains of insomnia, daytime fatigue or a parasomnia. In cases
where daytime fatigue is present, the daytime fatigue may occur as a result of
the accompanying insomnia or as a result of poor quality of nocturnal sleep.

B. The complaint is temporally associated with the introduction of a physically
measurable stimulus or environmental circumstance that disturbs sleep.

C. It is the physical properties, rather than the psychological meaning of the envi-
ronmental factor, that accounts for the complaint.

D. The sleep disturbance is not better explained by another sleep disorder, medical or
neurological disorder, mental disorder, medication use or substance use disorder.

The prevalence of environmental sleep disorder is not known. Fewer than 5% of
patients seen at sleep disorder centres receive this diagnosis.

International standardization and quantification for measurement of the depth of sleep is
based on Rechtschaffen and Kales criteria from 1968. Sleep is divided into 30-second
epochs, and a phase is only assessed if the specific features are evident for more than 50%
of the epoch length. For example, wakefulness is scored when at least 15 seconds of con-
tinuous awakening is present. Arousal reactions not leading to macroscopic awakening
were not included in the definition by Rechtschaffen and Kales. With the arousals as
described by the American Sleep Disorders Association (1992) it is possible to display sub-
vigilant sleep fragmentation, caused by intrinsic sensory and autonomic alarm reactions.
An arousal index providing the arousal density (events per hour of sleep) was taken as a
measure of the degree of severity. In one hour, 10-20 arousals are considered as normal in
healthy adults. However, the use of EEG arousals with the American Sleep Disorders
Association definition provides no sufficient explanation of daytime sleepiness (Ali, Pitson
and Stradling 1996; Ayas et al., 2001) unless they are accompanied by vegetative arousals.

Regarding noise, different vigilance level assessments in various functional systems are
important. Dumont, Montplaisir and Infante-Rivard (1988) proposed investigations of
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vegetative, motor and sensory functions independently of each other. One of the pos-
sible factors indicating disturbed sleep is a vegetative arousal index. A vegetative arous-
al index of more than 30 per hour is certainly considered as serious, more than 20 per
hour as intermediate and more than 10 as a light form of sleep disorder.

With respect to insomnia (section 2.1.2), there is the possibility of misclassification
if the general practitioner (GP) overlooks excessive noise as the possible cause of the
complaint. There is also the possibility that the insomnia is aggravated by noise.

2.1.3 CONCLUSIONS

Published information on normal sleep can serve as an outline for normal values in
PSG. However, these values are only informative, because each sleep laboratory must
study control subjects to identify any significant effects on sleep that result from dif-
ferences in technique or environment. Excessive daytime sleepiness is a consequence
of disturbed night sleep and can be objectively assessed by MSLT, which provides an
objective quantification of “sleepiness”.

2.2 LONG-TERM HEALTH RISK MEDIATED BY
SLEEP DISTURBANCES

2.2.1 STRESSORS, NEUROBEHAVIOURAL DATA AND
FUNCTIONAL NEUROIMAGING

It is generally accepted that insufficient sleep and particularly sleep loss has a great
influence on metabolic and endocrine functions (Spiegel, Leproult and van Cauter,
1999), as well as on inflammatory markers, and contributes to cardiovascular risk.
C-reactive protein (CRP) as a major marker of the acute phase response to inflam-
matory reaction promotes secretion of inflammatory mediators by vascular endothe-
lium and may be therefore directly involved in the development of atherosclerotic
lesions. CRP as a risk predictor of strokes and heart attacks linearly increases with
total and/or partial sleep loss (Meier-Ewert et al., 2004).

An additional factor, closely linked to cardiovascular health, glucose regulation and
weight control, is leptin. Leptin is one of the major regulators of energy homeosta-
sis and its circadian profile interacts closely with sleep.

Secretion of leptin increases at night and decreases during the day. A decreased lep-
tin level, that is connected with sleep loss, increases appetite and predisposes to
weight gain, impaired glucose tolerance and impaired host response.

Other studies have focused on how sleep loss affects neurobehavioural functions,
especially neurocognitive performance. Functional brain imaging and EEG brain
mapping studies show that the patterns of functional connectivity between brain
regions, evident in the performance of specific cognitive tasks, are altered by sleep
loss (NCSDR, 2003). According to this finding, the maintenance of sustained per-
formance during sleep loss may depend upon regional functional plasticity.
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Cumulative waking, neurocognitive deficits and instability of state that develop from
chronic sleep loss have a basis in a neurobiological process that can integrate
homoeostatic pressure for sleep across days. Increased efforts have helped to deter-
mine the roles of REM and non-REM sleep in memory.

Functional brain imaging techniques, such as positron emission tomography (PET),
functional magnetic resonance imaging (fMRI), magnetic resonance spectroscopy
(MRS), single photon emission computed tomography (SPECT) and magneto-elec-
troencephalography (MEG), have recently been analysed in a study of sleep and
waking (NCSDR, 2003). These techniques allow the measurement of metabolic and
neurochemical activity throughout the brain, and can reveal dynamic patterns of
regional cerebral activity during various brain states, including stages of sleep and
levels of alertness during wakefulness or during functional challenge. These tech-
niques can also help identify both normal and abnormal sleep/wake processes.

In the last five years, functional neuroimaging techniques (particularly PET) have
revealed that non-REM sleep is associated with the deactivation of central encephal-
ic regions (brainstem, thalamus, basal ganglia) and multimodal association cortices
(for instance, prefrontal and superior temporal/inferior parietal regions). REM sleep
is characterized by reactivation of all central encephalic regions deactivated during
non-REM sleep except the multimodal association areas. PET studies during sleep-
deprived wakefulness have revealed regional cerebral deactivations that are especial-
ly prominent in prefrontal and inferior parietal/superior temporal cortices, and in the
thalamus. This pattern is consistent and helpful in explaining the nature of cognitive
performance deficits that occur during sleep loss. As revealed by means of fMRI
techniques during cognitive task performance, the maintenance of performance fol-
lowing sleep loss may be a function of the extent to which other cortical brain
regions can be recruited for task performance in the sleep-deprived state.

PET, SPECT and fMRI studies have revealed, in depressed patients, initially elevat-
ed activation in anterior cingulate and medial orbital cortices (NCSDR, 2003). In
these patients, sleep deprivation reduces this regional hyperactivation, and improve-
ments in mood are a function of the extent to which this activity is reduced. These
studies point to possible mechanisms by which antidepressant drugs may exert their
effects. Further research should be oriented towards neuroimaging and measure-
ments of changes in the brain’s metabolic activity at the neurotransmitter level.

2.2.2 SIGNALS MEDIATED BY A SUBCORTICAL AREA
(THE AMYGDALA), THE ROLE OF STRESS HORMONES
IN SLEEP DISTURBANCE AND THEIR HEALTH
CONSEQUENCES

Experimental as well as clinical studies (Waye et al., 2003; Ising and Kruppa, 2004)
showed that the first and fastest signal of stressors introduced by noise is detected
and mediated by a subcortical area represented by the amygdala while the stress
response to noise is mediated primarily by the hypothalamus-pituitary-adrenal
(HPA) axis. A major intrinsic marker of the circadian rhythm is in the level of circu-
lating corticosteroids derived from activity within the HPA axis. A protracted stress
response with activation of the HPA axis is a major physiological response to envi-
ronmental stressors. The cortisol response to awakening is an index of adrenocorti-
cal activity, and long-term nocturnal noise exposures may lead, in persons liable to
be stressed by noise, to permanently increased cortisol concentration above the nor-
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mal range. The hypothesis that an increased risk of cardiovascular diseases is con-
nected with stress concepts is generally accepted (Ekstedt, Akerstedt and
Soderstrom, 2004; Ising and Kruppa, 2004). Stress reactions may lead to derange-
ment of normal neurovegetative and hormonal processes and influence vital body
functions. Cardiovascular parameters such as BP, cardiac function, serum choles-
terol, triglycerides, free fatty acids and haemostatic factors (fibrinogen) impede the
blood flow through increased viscosity and presumably blood sugar concentration
as well. Insulin resistance and diabetes mellitus, stress ulcers and immune system
deficiency are also frequent consequences of stress reaction. Disturbed sleep may
lead to immunosuppression and diminished protein synthesis (Horne, 1988).

As well as nonspecific effects of the stress response on the functioning of the immune
system, there is considerable evidence for a relation between sleep, especially SWS,
and the immune system (Brown, 1992). This evidence includes surges of certain
immune parameters and growth hormones at onset of SWS, correlation of non-REM
sleep, total sleep time and sleep efficiency with natural killer cell activity, and corre-
lation of SWS with recovery from infections. These data, taken together with infor-
mation on the effect of intermittent transportation noise on SWS during the first
sleep cycles and overnight, suggest that the immune response could also be impact-
ed directly by environmental noise during sleep (Carter, 1996).

2.2.3 SLEEP RESTRICTION, ENVIRONMENTAL STRESSORS
(NOISE) AND BEHAVIOURAL, MEDICAL AND SOCIAL
HEALTH CONSEQUENCES OF INSUFFICIENT SLEEP:
RISK OF MORBIDITY AND MORTALITY

Sleep restriction due to environmental stressors leads to primary sleep disorders, but
health is also influenced by the consequence of stress response to noise mediated by
the HPA axis and/or by restriction of specific sleep stages (see above).

Sleep restriction leads, in approximately 40% of affected subjects, to daytime sleepiness
that interferes with work and social functioning. Excessive daytime sleepiness is thus a
major public health problem, as it interferes with daily activities, with consequences
including cognitive problems, motor vehicle accidents (especially at night), poor job per-
formance and reduced productivity (Lavie, Pillar and Malhotra, 2002). In the last
decade, experimentally based data have been collected on chronic restriction of sleep (by
1-4 hours a night), accumulating daytime sleepiness and cognitive impairment. Most
individuals develop cognitive deficits from chronic sleep debt after only a few nights of
reduced sleep quality or quantity. New evidence suggests additional important health-
related consequences of sleep debt related to common viral illnesses, diabetes, obesity,
heart disease, depression and other age-related chronic disorders.

The effects and consequences of sleep deprivation are summarized in Table 2.4
(Lavie, Pillar and Malhotra, 2002).

The relationship between sleep quantity and quality and estimates of morbidity and mortali-
ty remains controversial. Epidemiological data (NCSDR, 2003) suggest that habitually short
sleep (less than 6 hours sleep per night) is associated with increased mortality. Epidemiological
studies in recent years elucidated, however, that too much sleep is a problem as well. Kripke
et al. (2002) evaluated a questionnaire study of 1.1 million men and women aged 30-102
years and found the lowest mortality risk between respondents sleeping 7 hours per night.
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Type Short-term Long-term
Behavioural Sleepiness Depression/mania
Mood changes Violence
Irritability and
nervousness
Cognitive Impairment of function Difficulty in learning
new skills
Short-term memory
problems
Difficulty with com-
plex tasks
Slow reaction time
Neurological Mild and quickly Cerebellar ataxia,
reversible effects nystagmus, tremor, Table 2.4
ptosis, s.lurred Consequences of sleep
speech, increased deprivation
reflexes, increased
sensitivity to pain
Biochemical Increased metabolic Decreased weight
rate despite increased
Increased thyroid caloric intake
activity (in animals)
Insulin resistance Diabetes, obesity
(in humans)
Others Hypothermia Susceptibility to
Immune function viral illness
impairment

Mortality risk significantly increased when sleep duration was less than 6 or higher
than 8 hours per night. Other authors have also published similar results (Patel et
al., 2004; Tamakoshi and Ohno, 2004). Patel et al. (2004) in a prospective study of
sleep duration and mortality risk in 5409 women confirmed previous findings that
mortality risk is lowest among those sleeping 6-7 hours per night. The mortality risk
for death from other causes significantly increased in women sleeping less than 5 and
more than 9 hours per night. It is not clear how the length of sleep can increase this
risk, although animal evidence points to a direct link between sleep time and lifes-
pan (see section 2.5 in this chapter). Up to now, no epidemiological prospective
study has been published that examines the relationship between sleep and health
outcomes (morbidity and mortality) with subjective and objective estimates. Recent
studies, however, show that sleep duration of least 8 hours is necessary for optimal
performance and for prevention of daytime sleepiness and accumulation of sleep

debt.

Environmental stressors, including noise, mostly cause insomnia. Insomnia also
involves daytime consequences, such as tiredness, lack of energy, difficulty concen-
trating and irritability. A reasonable prevalence estimate for chronic insomnia in the
general population is about 10%; for insomnia of any duration or severity this rises
to between 30% and 50%, and incidence increases with ageing. In the course of per-
imenopausal time, women are particularly vulnerable to developing this complaint.
The major consequences and co-morbidity of chronic insomnia (see Table 2.5) con-
sist of behavioural, psychiatric and medical problems. Several studies also report a
higher mortality risk (Zorick and Walsh, 2000).
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Type Consequence

Behavioural Poor performance at work, fatigue, memory difficulties,
concentration problems, motor vehicle accidents

Psychiatric ~ Depression, anxiety conditions, alcohol and other sub-
stance abuse

Table 2.5 Medical Cardiovascular, respiratory, renal, gastrointestinal,
Consequences of musculoskeletal disorders
chronic insomnia Obesity

Impaired immune system function

Mortality Increased risk is reported

2.2.3.1 Behavioural consequences

Transient (short-term) insomnia is usually accompanied by spells of daytime sleepi-
ness and performance impairment the next day. Persistent (long-term) insomnia
tends to be associated with poor performance at work, fatigue, memory difficulties,
concentration problems and twice as many fatigue-related motor vehicle accidents as
in good sleepers.

2.2.3.2 Psychiatric conditions

Epidemiological research indicates that the prevalence of any psychiatric disorder is
two or three times higher in insomniacs. The risk of depression as a co-morbid state
appears to be particularly strong, being approximately four times more likely in
insomnia patients. Furthermore, insomnia may be an early marker for psychiatric
disorders such as depression, anxiety conditions and alcohol abuse. Anxiety has been
quite commonly found in insomniacs compared with the general population. About
25-40% of insomnia patients are estimated to have significant anxiety, and the
abuse of alcohol and other substances is increased in insomniacs relative to good
sleepers (Ford and Kamerow, 1989). Samples of unselected psychiatric patients have
about a threefold increase in the frequency of insomnia compared with healthy con-
trol subjects, and the severity of the condition correlates with the intensity of the psy-
chiatric symptoms. Among samples of outpatients who consulted their GPs for
insomnia, about 50% presented with psychiatric conditions, and about half of these
patients were probably depressed (Zorick and Walsh, 2000).

2.2.3.3 Medical consequences

Insomnia has been statistically associated with various medical conditions, including
disorders of the cardiovascular, respiratory, gastrointestinal, renal and musculoskele-
tal systems. A large series of insomniac patients showed that poor sleepers are more
than twice as much at risk of ischaemic heart disease (IHD) as good sleepers
(Hyyppa and Kronholm, 1989). Insomnia patients were also shown (Irwin, Fortner
and Clark, 1995) to have impaired immune system function. Keith et al. (2006)
hypothesize a connection between sleep deficit as one of the possible factors to
explain the rise in obesity. Hormone changes and animal experiments apparently
support this.

2.2.3.4 Mortality risk

Only a few epidemiological studies deal with mortality in insomniacs. According to
Kripke et al. (1979), reduced sleep time is a greater mortality risk than smoking,
hypertension and cardiac disease. Higher death rates are also reported among short
sleepers. In this respect, however, further systematic investigation of the link between
insomnia, short sleep and death is desirable.
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2.3 RISK GROUPS

Risk groups are people who may be either sensitive (showing more reaction to a
stimulus than the average), are more exposed (also called vulnerable) or both.

2.3.1 HEALTH EFFECTS OF DISTURBED SLEEP IN CHILDREN

Although children appear to tolerate a single night of restricted sleep with no detri-
mental effect on performance of brief tasks, perhaps more prolonged restriction and
prolonged tasks similar to those required in school would show negative effects. In
addition, as children seem to require more time to recuperate fully from nocturnal
sleep restriction than adults (Carskadon, Harvey and Dement, 1981a), with addi-
tional nights of partial sleep deprivation, cumulative sleepiness might become a sig-
nificant problem.

Empirical data that directly address the effects of repeated sleep loss on children’s
mood or cognitive function are sparse. A range of clinical and observational data
support a general picture that inadequate sleep results in tiredness, difficulties in
focusing attention, low thresholds for negative reactions (irritability and easy frus-
tration), as well as difficulty in controlling impulses and emotions. In some cases,
these symptoms resemble attention-deficit hyperactivity disorder (ADHD).

Environmental noise experienced at home during night-time is a sometimes unpre-
dictable and most often discontinuous event (for example traffic noise, aircraft or
train noise, a noisy environment for other reasons, for instance proximity with a dis-
cotheque, etc.), that might lead to sleep disruption without leading to behavioural
awakenings through the alteration of sleep microstructure, in a similar manner as
other sleep disturbing events such as respiratory disturbances.

Therefore, in respect of clinical settings, we can assume that, in children, an experi-
mental model for the consequences of noise can be represented by respiratory distur-
bances during sleep, such as snoring, upper airway resistance syndrome (UARS) or
obstructive sleep apnoea syndrome (OSAS), either for the noise produced by snoring
or for the effects on the arousal system and sleep microstructure.

For this reason, this section describes the well-studied effects of sleep breathing dis-
orders on children’s health and then evaluates the indicators of sleep disruption from
the point of view of sleep microstructure.

In the literature few data on the medium- and long-term effects of disturbed sleep in
children are available from the longitudinal point of view. Most reports focused on
respiratory disturbances during sleep as a theoretical model to evaluate the long-
term effects of disturbed sleep in children. This review reports on the medium- and
long-term negative consequences of disturbed sleep on cognitive functioning, behav-
iour, mental health, growth and the cardiovascular system.

2.3.1.1 Sleep deprivation in children

The effects of sleep deprivation were evaluated in children. The findings only indi-
rectly pertain to this general report, although repeated noise-induced sleep disrup-
tion favours sleep deprivation.

In another study, 15 healthy infants aged 78+/-7 days were studied during two
nights: one night was preceded by sleep deprivation (kept awake for as long as pos-
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sible beyond their habitual bedtime: median onset 150 min; range 0-210 min)
(Thomas et al., 1996). Of the 15 children, 13 slept supine, 12 were breastfed and 4
were from smoking parents. Following sleep deprivation, infants maintained a
greater proportion of quiet sleep (44% vs. 39%; p=.002). There was no measurable
change in arousal propensity by either graded photic (stroboscope) or auditory stim-
uli (1 kHz pure tone, delivered in the midline of the cot, from 73 dB and increased
in 3 dB steps to 100 dB) during quiet sleep.

Forty-nine Finnish children (26 boys/23 girls) aged 7-12 years were interviewed
together with their parents and school teachers, and recorded for 72 hours with a
belt-worn activity monitor during weekdays.

The objectively measured true sleep time was associated with psychiatric symptoms
reported by a teacher. The decreased amount of sleep was associated more with
externalizing than internalizing types of symptoms (aggressive and delinquent
behaviour, attention, social, and somatic problems) (Aronen et al., 2000).

In a survey, it was also shown that out of 100 Belgian school children, aged between
9 and12 years, those with poor sleep (insomnia) were also showing more frequent
poor school performance (failure to comply with expected grades) than good sleep-
ers. The relation between poor sleep and a noisy environment was, however, not
evaluated (Kahn et al., 1989).

2.3.1.2 Neurocognitive manifestations

Several studies in adults have shown that sleep fragmentation and hypoxaemia can
result in daytime tiredness and loss of concentration, retrograde amnesia, disorien-
tation, morning confusion, aggression, irritability, anxiety attacks and depression.
One could hypothesize that sleep fragmentation and hypoxaemia would affect the
neuropsychological and cognitive performance also in children, where the impact of
abnormal sleep may be even greater than in adults. In fact, neurocognitive and
behavioural deficits and school problems have been reported recently in children
with sleep-related obstructive breathing disorders (SROBD).

2.3.1.3 Attention capacity

This represents the ability to remain focused on a task and appropriately attend to
stimuli in the environment. Taken together the studies to date indicate that children
with SROBD are less reflective, more impulsive, and show poorer sustained and
selective attention. Blunden et al. (2000) reported that, compared to 16 controls, 16
children with mild SROBD showed reduced selective and sustained attention.
Owens-Stively et al. (1997) suggested a dose-response in attention—impulsivity with
moderate to severe obstructive sleep apnoea syndrome (OSAS) children showing
greater deficits than mild OSAS children. Importantly, early treatment showed that
attention deficits in children with OSAS are reversible (Guilleminault et al., 1982b).
In another study, 12 children with moderate to severe OSAS showed a significant
reduction in inattention and an improvement in aggressive and hyperactive behav-
iours and vigilance after surgical treatment (Ali, Pitson and Stradling, 1996).

2.3.1.4 Memory

Rhodes et al. (1995) found inverse correlations between memory and learning per-
formance and the apnoea hypopnea index in 14 morbidly obese children. Smaller
deficits were observed by Blunden et al. (2000), who found in their sample of chil-
dren with mild SROBD that mean global memory performance was in the lower end
of the normal range compared to controls.
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A recent study using actigraphy in normal school-age children showed that lower
sleep efficiency and longer sleep latency were associated with a higher percentage of
incorrect responses in working memory tasks; shorter sleep duration was associated
with performing tasks at the highest load level only. Also, controlling for age, gen-
der, and socioeconomic status, sleep efficiency and latency were significantly associ-
ated with the mean incorrect response rate in auditory working memory tasks. This
study showed that sleep quality (evaluated as sleep efficiency = 100* [sleep + light
sleep]/duration) is more strongly associated with performance in working memory
tasks than sleep duration, suggesting that in assessing sleep, attention should be
directed not only at the amount of sleep but also at sleep quality.

2.3.1.5 Intelligence

Inspection of the mean IQ scores reported in the study by Rhodes et al. (1995) sug-
gested that their sample of five obese children with moderate to severe OSAS per-
formed in the borderline range whereas controls performed in the normal range.
Blunden et al. (2000) showed smaller deficits in children with mild SROBD whose
mean verbal and global IQ were in the lower end of the normal range.

It remains unclear as to whether the putative negative effects of SROBD on intelli-
gence are global in nature or confined to specific areas such as verbal rather than
performance or visuospatial intelligence and whether these impairments can be
reversed.

2.3.1.6 Learning and school performance

It has been widely reported (Stradling et al., 1990; Guilleminault et al., 1996;
Richards and Ferdman, 2000) that children with SROBD show reduced academic
performance and learning.

Weissbluth et al. (1983) found that poor academic achievers had a higher prevalence
of night-time snoring (38% vs. 21%) and breathing difficulties (13% vs. 6%). Out
of 297 children with SROBD (22% snorers and 18% sleep-associated gas exchange
abnormalities), 40% were in the lowest 10th percentile of academic performance
(Gozal, 1998) and SROBD in early childhood may continue to adversely affect learn-
ing in later years (Gozal and Pope, 2001). Gozal (1998) found in his sample of poor
academic achievers that school grades improved post-adenotonsillectomy in treated
but not untreated children.

As well as those with SROBD, healthy normal children with fragmented sleep (mea-
sured by actigraphy) also showed lower performance on neurobehavioural function-
ing (NBF) measures, particularly those associated with more complex tasks, and also
had higher rates of behavioural problems (Sadeh, Gruber and Raviv, 2002).
Furthermore, in normal children without sleep disorders, modest sleep restriction
can also affect children’s NBE. Sadeh, Gruber and Raviv (2003) monitored 77 chil-
dren for 5 nights with activity monitors. On the third evening, the children were
asked to extend or restrict their sleep by an hour on the following three nights. Their
NBF was reassessed on the sixth day following the experimental sleep manipulation
and showed that sleep restriction led to improved sleep quality and to reduced
reported alertness.

These studies suggest that fragmented sleep or insufficient sleep is highly relevant

during childhood and that children are sensitive to modest alterations in their natu-
ral sleep duration.
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Early reports documented that untreated OSAS can have long-term negative effects, such
as failure to thrive, cor pulmonale and mental retardation. These severe consequences are
less common now due to early diagnosis and treatment, but recent reports have focused
on other long-term effects mainly related to neurocognitive deficits, such as poor learn-
ing, behavioural problems and ADHD (Marcus, 2001).

Gozal and Pope (2001) tried to determine the potential long-term impact of early child-
hood snoring. Analysing questionnaires of 797 children in a low academic performance
group (LP) and 791 in a high academic performance (HP) group, they found that fre-
quent and loud snoring during early childhood was reported in 103 LP children (12.9%)
compared with 40 HP children (5.1%). Therefore, children with lower academic per-
formance in middle school are more likely to have snored during early childhood and to
require surgery for snoring compared with better performing schoolmates. These find-
ings suggest that children who experienced sleep-disordered breathing during a period
traditionally associated with major brain growth and substantial acquisition of cognitive
and intellectual capabilities may suffer from a partially irreversible compromise of their
a priori potential for academic achievement. Three major components that result from
the intermittent upper airway obstruction that occurs during sleep in children could the-
oretically contribute to such neurocognitive deficits, namely episodic hypoxia, repeated
arousal leading to sleep fragmentation and sleep deprivation, and periodic or continuous
alveolar hypoventilation.

Schooling problems may underlie more extensive behavioural disturbances such as rest-
lessness, aggressive behaviour, EDS and poor neurocognitive test performances. Nearly
20-30% of children affected by OSAS or loud and frequent snoring show important
signs of behavioural problems such as inattention and hyperactivity. Problems similar to
symptoms of ADHD are linked to the presence of repeated sleep arousals, and intermit-
tent hypoxic events, inducing a lack of behavioural inhibition with negative implications
for working memory, motor control and self-regulation of motivation and affect.

In contrast with these data, Engle-Friedman et al. (2003) recently found a significant
improvement of functions, at least in mild to moderate OSAS, when measured several
months following an adenotonsillectomy, but they confirmed that their results could not
rule out the possibility, even after treatment, of partial irreversible damage to academic
function that may be detected only later in life. In addition, they stated that adults who
also had deficits of neurocognitive executive functions related to the prefrontal area
failed to improve significantly after treatment.

The negative long-term effects may be mediated by the irreversible alteration of the pre-
frontal cortex (PFC) and be related to structural changes of the brain as a consequence
of both hypoxaemia and sleep fragmentation induced by OSAS or other pathologies
affecting sleep.

In a recent report concerning OSAS adults, Macey et al. (2002) demonstrated grey mat-
ter loss in cerebral sites involved in motor regulation of the upper airway as well as in
areas contributing to cognitive function (frontal and parietal cortex, temporal lobe, ante-
rior cingulate, hippocampus and cerebellum). It can be argued that, in critical stages of
brain development (that is, in childhood), these effects can lead to even more severe con-
sequences, which could explain the negative long-term effects.

It is speculative to think that the remodelling of the brain could also be mediated by sleep
and, therefore, sleep fragmentation could affect the process of brain plasticity (that is, the

capacity of the brain to modify its structure and function over time). Recent studies show-
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ing experience-dependent gene-expression of gene zif-268 during paradoxical sleep in rats
exposed to a rich sensorimotor environment, and the role of sleep in enhancing the remod-
elling of ocular dominance in the developing visual cortex are also in line with the hypoth-
esis that sleep affects neuronal plasticity and memory processes (Peigneux et al., 2001).

2.3.1.7 Neurobehavioural manifestations

Behavioural disturbances are common in children with SRODB, with higher prevalence
rates of both internalized (for instance being withdrawn, shy, anxious and psychosomat-
ic) and externalized (for instance impulsivity, hyperactivity, aggression and delinquency)
problematic behaviours (Blunden, Lushington and Kennedy, 2001). The most frequent-
ly documented problematic behaviour in children with SROBD is attention deficit
hyperactivity with a prevalence rate of 20-40% (Weissbluth et al., 1983; Ali, Pitson and
Stradling, 1993). Conversely, children with ADHD showed a high prevalence rate of
snoring (Chervin et al., 1997) and a co-diagnosis of ADHD has been reported in 8-12%
of children with OSAS (O’Brien and Gozal, 2002).

A few studies have documented that children with sleep disorders tend to have
behavioural problems similar to those observed in children with ADHD. A survey of
782 children documented daytime sleepiness, hyperactivity, and aggressive behav-
iour in children who snored, with 27% and 38% of children at high risk for a sleep
or breathing disorder displaying clinically significant levels of inattention and hyper-
active behaviour, respectively (Ali, Pitson and Stradling, 1994).

At 3 years of age children with persistent sleep problems (n = 308) were more like-
ly to have behaviour problems, especially tantrums and behaviour management
problems (Zuckerman, Stevenson and Bailey, 1987).

In a study of 16 children with a mean age of 12+/-4 years suffering from chronic pain
due to juvenile rheumatoid arthritis and secondary poor sleep, polysomnographic
recordings showed poorer night-time sleep, longer afternoon naptime and more day-
time sleepiness than normal values from the literature (Zamir et al., 1998). In a
school survey of children aged 9-12 years (n = 1000), those with poor sleep (insom-
nia for more than 6 months) had poorer school performance, defined as failure to
comply with expected grades, than good sleepers. Their learning problems were ten-
tatively attributed to the long-term effect of poor sleep (Kahn et al., 1989).

A questionnaire administered to children aged 4-12 years (n = 472) showed a rela-
tion between sleep problems and tiredness during the day (Stein et al., 2001).

In children aged 9-12 years (n = 77), shortening sleep by one hour was associated
with reduced alertness and significant lowering of neurobehavioural functioning
(Sadeh, Gruber and Raviv, 2003). In school-age children (n = 140) recorded at home
with an actigraph, a significant relation was shown between the presences of frag-
mented sleep, daytime sleepiness and lower performance in neurobehavioural func-
tioning evaluated by various performance tests (Sadeh, Gruber and Raviv, 2000).
These children also had higher rates of behavioural problems, as reported by their
parents (Sadeh, Gruber and Raviv, 2002).

In Finland, children aged 7-12 years (n = 49) were interviewed together with their
parents and schoolteachers and recorded for 72 hours with a belt-worn activity mon-
itor during weekdays. The decreased amount of sleep was associated with symptoms
such as aggressive and delinquent behaviour, attention, social and somatic problems.
The findings of this research were better associated with the teachers’ than the par-
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ents’ reports, suggesting that parents may be unaware of their child’s sleep deficien-
cies as the behavioural problems may be more evident at school than at home
(Aronen et al., 2000).

A prospective long-term study conducted in Sweden on 2518 children revealed that with-
in a subgroup of 27 children with severe and chronic sleep problems, 7 children developed
symptoms that met the criteria for ADHD by the age of 5.5 years (Thunstrom, 2002).
Compared to the other children with sleep problems, these subjects had more frequent
psychosocial problems in the family, bedtime struggles and long sleep latency at bedtime.

A population-based, cross-sectional questionnaire survey was conducted in
Massachusetts on 30 195 children aged 5 years (Gottlieb et al., 2003). Children
described by their parents as having sleep-disordered breathing (snoring, noisy
breathing, apnoea) were significantly more likely to have daytime sleepiness and
problem behaviours, including hyperactivity, inattention and aggressiveness (all with
an odds ratio >2.0). These problem behaviours were suggestive of ADHD.

Similar findings were found in a group of children aged 5-7 years with periodic limb
movement disorder who were studied polygraphically and their recording compared
with those of age-matched children with ADHD. Their repeated sleep fragmentation
resulting from the periodic limb movement disorder favoured the development of
symptoms similar to those seen in ADHD (Crabtree et al., 2003).

The parents of a group of children with an average age of 8.6 years (range 2-17
years) reported that their children had difficult behaviours on the day that followed
a 4-hour night-time sleep restriction (Wassmer et al., 1999). In one study, a 2-hour
sleep reduction induced by delayed bedtime has been shown to increase daytime
sleepiness, mainly during morning hours (Ishihara and Miyke, 1998; Ishihara,
1999).

Following one night of 4 hours of sleep deprivation imposed on children (aged
11-13 years), a decrease in performance tests has been observed (Carskadon, Harvey
and Dement, 1981a).

Following one night’s sleep loss, adolescents showed increased sleepiness, fatigue
and reaction time. They selected less difficult academic tasks during a set of tests, but
the percentages of correct responses were comparable to those seen following a nor-
mal night’s sleep (Engle-Friedman et al., 2003).

Another study has been conducted on 82 children, aged 8-15 years. They were
assigned an optimized, 10-hour night of sleep, or a restricted 4-hour night of sleep.
Sleep restriction was associated with shorter daytime sleep latency, increased subjec-
tive sleepiness, and increased sleepy and inattentive behaviours, but was not associ-
ated with increased hyperactive-impulsive behaviour or impaired performance in
tests of response inhibition and sustained attention (Fallone et al., 2001).

2.3.1.8 Mental health

A recent longitudinal study on the outcomes of early life sleep problems and their
relation to behaviour problems in early childhood stressed the importance of study-
ing the natural history of sleep problems and their consequences in order to identify
whether persistent or recurrent sleep problems at age 3—4 years are associated with
co-morbidities such as child behaviour problems, maternal depression and poor fam-
ily functioning (Peiyoong, Hiscock and Wake, 2003).
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The authors found that night waking at 3—4 years of age continued to be common.
Seventy eight percent of mothers reported that their child awoke during the night at
least once during the week, and of these waking children, 43% were reported to
have awakenings 4 or more nights per week. Children with early sleep problems had
significantly higher mean scores on internalizing and externalizing behaviour and the
aggressive behaviour and somatic problems subscales of the Child Behavior
Checklist (CBCL).

It has been noted that within groups of children and adolescents with psychiatric,
behavioural or emotional problems, rates of sleep disorders are elevated (Sadeh et
al., 1995). On the other hand, children and adolescents with disturbed sleep report
more depression, anxiety, irritability, fearfulness, anger, tenseness, emotional insta-
bility, inattention and conduct problems, drug use and alcohol use.

Only a few longitudinal studies in adolescents have evaluated the impact of insom-
nia on future functioning. In a large sample of 11-17-year-old adolescents, followed
for one year, using symptoms of DSM-IV criteria for insomnia, Roberts, Roberts and
Chen (2002) found that nearly 18% of the youths 11-17 years of age reported non-
restorative sleep almost every day in the past month, over 6% reported difficulty in
initiating sleep, over 5% waking up frequently during the night, another 3% had
early-morning awakening almost every day, over 7% reported daytime fatigue and
5% daytime sleepiness. Combining “often” and “almost every day” response cate-
gories dramatically increases prevalence, ranging from 60% for non-restorative sleep
to 23% for daytime fatigue and 12% for waking up at night with difficulty going
back to sleep. The re-evaluation of the sample at follow-up showed that insomnia
predicted two indicators of psychological functioning: self-esteem and symptoms of
depression (Roberts, Roberts and Chen, 2002).

2.3.1.9 Growth impairment

Failure to thrive is a well-known complication of disturbed sleep and childhood
OSAS. The cause of poor growth is not known, although many different reasons
have been implicated: (a) poor caloric intake associated with adenotonsillar hyper-
trophy; (b) excessive caloric expenditure secondary to increased work of breathing;
(c) abnormal growth hormone (GH) release secondary to loss of deep non-REM
sleep. The relative roles of these factors are unclear (Marcus et al., 1994; ATS,
1999). Circulating concentrations of insulin-like growth factor-I (IGF-I) and IGF-
binding protein 3 (IGFBP-3) reflect mean daily GH levels, and seem to correlate well
with physiological changes in GH secretion. In the operated children with initial
OSAS a highly significant reduction in the apnoea-hypopnea index (AHI) was found
and both the IGF-I and the IGFBP-3 concentrations increased significantly. GH is
released in a pulsatile fashion; the initial secretion is synchronized with the onset of
SWS and strongly correlated with slow-wave activity, within 90 to 120 minutes from
the onset of sleep (Nieminen et al., 2002). In OSAS children, the sleep architecture
is relatively well-preserved, but the microstructural alteration of SWS due to micro-
arousals induced by respiratory disturbance could play a role in the abnormal pro-
file of GH secretion.

2.3.1.10 Cardiovascular complications

Children with OSAS had a significantly higher diastolic blood pressure (BP) than
those with primary snoring. Multiple linear regression showed that BP could be pre-
dicted by apnoea index, body mass index and age. The aetiology of OSAS-related
hypertension is thought to be due to a number of factors, particularly sympathetic
nervous system activation secondary to arousal and, to a lesser degree, hypoxaemia.

NIGHT NOISE GUIDELINES FOR EUROPE



JEX) SLEEP AND HEALTH

Although cortical arousals at the termination of obstructive apnoeas are less com-
mon in children than in adults, children may manifest signs of subcortical arousal,
including autonomic changes such as tachycardia. It is therefore possible that these
subcortical arousals are associated with elevations of BP. A correlation between the
frequency of obstructive apnoea and BP, but no correlation between SaO2 (arterial
oxygen saturation) and BP was found, suggesting that respiratory-related subcorti-
cal arousals rather than hypoxaemia may be a major determinant of BP elevation in
children (Marcus, Greene and Carroll, 1998). Similarly to BP variations induced by
OSAS, other studies suggest that chronic exposure to environmental noise during
sleep could contribute to a permanent increases in BP in otherwise healthy individu-
als and that no habituation to noise was apparent over three consecutive sleep ses-
sions (Carter et al., 2002). This is further elaborated in Chapter 4, section 4.5.

2.3.1.11 Risk of accidents
Only one study was found that evaluated the association between sleep and duration of
wakefulness and childhood unintentional injury (Valent, Brusaferro and Barbone, 2001).

Two hundred and ninety-two injured children who attended the Children’s
Emergency Centre in Udine, Italy, or their parents were interviewed following a
structured questionnaire. The sleeping time and wakefulness of the child was
assessed retrospectively for each of the 48 hours before injury. For each child, the
authors compared the 24 hours immediately before the injury (hours 1-24; case peri-
od) with hours 25-48 (control period).

Overall, more children had longer hours of sleep during the control period than dur-
ing the case period. A direct association between injury risk and sleeping less than
10 hours was found among boys (RR: 2.33; 95% CI: 1.07-5.09) but not among girls
(RR: 1.005 95% CI: .29-3.45). The study also found a direct association between
injury occurring between 16.00 and midnight, and being awake for at least 8 hours
before injury occurred (both sexes, RR: 4.00; 95% CI: 1.13-14.17). Sleeping less
than 10 hours a day was associated with an 86% increase in injury risk. A signifi-
cantly increased risk did not emerge in all subgroups of patients but it was evident
among children aged 3-5 years, boys in particular. A fourfold increase in injury risk
was also associated with being awake for at least 8 hours among males only. These
findings demonstrated that inadequate sleep duration and lack of daytime naps are
transient exposures that may increase the risk of injury among children. Results of a
study on sleep disturbance and injury risk in young children show inadequate sleep
duration and lack of daytime naps. A lack of daytime naps means transient expo-
sures that may increase the risk of injury among children. Among children (boys in
particular) aged 3-S5 years, sleeping less than 10 hours a day was associated with an
86% increase in injury risk. A fourfold increase in injury risk was also associated
with being awake for at least 8 hours.

Daytime sleepiness in children is often manifested by externalizing behaviours noted
by parents or teachers, such as increased activity levels, aggression, impulsivity, as
well as by poor concentration, instantiation irritability and moodiness (Fallone,
Owens and Deane, 2002).

Analysing attendance at school, data show that accidents took place at school
(25.6%) and at home (22.0%), and statistics show that there is a highly significant
greater total accident rate among boys than among girls. The most frequent injuries
happening at school are fractures and dislocation of joints, head injuries being more
common among school injuries compared with spare-time injuries. Most injuries
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occurred when children were in sports areas and it is noteworthy that 25% of all
injuries were caused through intentional violence by other pupils.

2.3.1.12 Use of sleeping pills

Several studies demonstrated that the use of sleeping pills is common among children
and that paediatricians are prone to prescribe these medications. Twenty-five percent
of firstborn infants had been given “sedatives” by 18 months (Ounsted and
Hendrick, 1977). A research study into parental reports of 11 000 preschool chil-
dren showed that 12% took psychoactive drugs, most commonly for sleep: 39%
daily and 60% intermittently for 1-2 years (Kopferschmitt et al., 1992). Another
study (Trott et al., 1995) revealed that 35% of prescriptions for children less than a
year old were for sleep disturbances and that sleep disturbances were also the most
common reason for prescribing medications to preschool children (23%). Two
French surveys on adolescents showed that 10-12% of the respondents reported use
of prescription or over-the-counter drugs for sleep disturbances (Patois, Valatz and
Alperovitch, 1993; Ledoux, Choquet and Manfredi, 1994). Recently it has been
reported that of 671 community-based United States paediatricians, 75% had rec-
ommended over-the-counter and 50% prescription medicines for insomnia during
the past 6 months (Owens, Rosen and Mindell, 2003). In addition, an Italian survey
showed that pharmacological treatment for sleep problems was prescribed during
the past 6 months by 58.54% of paediatricians and by 61.21% of child neuropsy-
chiatrists (Bruni et al., 2004).

2.3.2 BASIC INDIVIDUAL FACTORS: GENDER AND AGE

Gender shows itself to be an important predictor of disturbed sleep in virtually all
epidemiological studies (Karacan et al., 1976; Bixler, Kales and Soldatos, 1979;
Ancoli-Israel and Roth, 1999; Leger et al., 2000; Sateia et al., 2000). On the other
hand, there does not seem to be much of a difference in polysomnographical param-
eters between males and females, except for the former losing SWS with increasing
age and having slightly reduced sleep efficiency also with increasing age (Williams,
Karacan and Hursch, 1974; Hume, Van and Watson, 1998). Ehlers and Kupfer
(1997) timed the start of differences between genders to between 20 and 40 years.
Spectral analysis also indicates slightly larger amounts of low frequency activity in
females (Dijk, Beersma and Bloem, 1989; Dijk, Beersma and Van den Hofdakker,
1989). In addition, men seem to run a higher risk of morbidity and mortality relat-
ed to sleep problems than women (Nilsson et al. 2001). The inconsistency between
polysomnography and subjective measures has not been resolved but it may be
important that most polysomnographical studies have controlled for anxiety and
depression. Thus, it is conceivable that the higher level of subjective complaints in
women reflects a higher prevalence of anxiety. The latter is a speculation, however.
A confounding factor in gender comparisons is that phases in female biological
cycles are also usually controlled for in polysomnographical studies, meaning that
potential effects of, for example, menstruation, may not receive their proper weight.
A recent review has gone through the literature in this area (Moline et al., 2003). It
found that the luteal phase of the menstrual cycle is associated with subjective sleep
problems, but polysomnographical studies have not supported this. Pregnancy
affects sleep negatively as early as in the first trimester and the effects mainly involve
awakenings and difficulties getting back to sleep. Napping is a frequent coping
method. The post-partum period is often associated with severe sleep disruption,
mainly due to feeding and comforting the infant. There seems to be some relation
between sleep disruption and post-partum mood, but nothing is known about the
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causal relations. Menopause seems to involve disrupted sleep in relation to hot flush-
es, depression/anxiety and sleep-disordered breathing. Oestrogen is associated with
improved sleep quality but it is not clear whether the effects are due to a reduction
of hot flushes. Oestrogen also improves sleep-disordered breathing.

With respect to background factors, age is an established predictor of disturbed sleep
(Karacan et al., 1976; Bixler, Kales and Soldatos, 1979; Ancoli-Israel and Roth,
1999; Ribet and Derriennic, 1999; Leger et al., 2000; Sateia et al., 2000).
Interestingly, however, older age may be related to a lower risk of impaired awaken-
ing (Akerstedt et al., 2002c), that is, in this study it was easier to wake up and one
felt better rested with increasing age, while at the same time sleep quality was lower.
The increased risk of disturbed sleep is consistent with the increasingly strong inter-
ference of the circadian morning upswing of the metabolism with increasing age
(Dijk and Duffy, 1999). Thus sleep maintenance is impaired and when sleep is inter-
rupted “spontaneously”, the awakening is, by definition, easily accomplished and
will be lacking in inertia. This ease of awakening may be interpreted as “being well-
rested”, and obviously the need for sleep is not great enough to prevent an effortless
transition into wakefulness.

In addition, sleep homeostasis seems to be weakened with age in the sense that sleep
becomes more fragmented and SWS or power density in the delta bands decrease
(Williams, Karacan and Hursch, 1974; Bliwise, 1993; Dijk et al., 1999). As men-
tioned above, the effects are more pronounced in males, a fact that may be linked to
reduced levels of growth hormone and testosterone.

2.3.3 PERSONS EXPOSED TO STRESSORS AS A RISK GROUP

A number of epidemiological studies point to a strong link between stress and sleep
(Akerstedt, 1987; Urponen et al., 1988; Ancoli-Israel and Roth, 1999). In fact, stress
is considered the primary cause of persistent psychophysiological insomnia (Morin,
Rodrigue and Ivers, 2003). That stress can affect proper sleep seems obvious, but
Vgontzas et al. (2001) at Pennsylvania State University College of Medicine have
found another reason why middle-aged men may be losing sleep. It is not just
because of what they worry about; rather, it is due to “increased vulnerability of
sleep to stress hormones”.

As men age, it appears they become more sensitive to the stimulating effects of cor-
ticotropin-releasing hormones (CRH). When both young and middle-aged men were
administered CRH, the older men remained awake longer and slept less deeply.
(People who don’t get enough of this “slow-wave” sleep may be more prone to
depression.)

The increased prevalence of insomnia in middle age may, in fact, be the result of
deteriorating sleep mechanisms associated with increased sensitivity to arousal-pro-
ducing stress hormones, such as CRH and cortisol. In another study, the researchers
compared patients with insomnia to those without sleep disturbances. They found
that “insomniacs with the highest degree of sleep disturbance secreted the high-
est amount of cortisol, particularly in the evening and night-time hours”, suggest-
ing that chronic insomnia is a disorder of sustained hyperarousal of the body’s
stress response system. Also, recent epidemiological studies have shown a connec-
tion between disturbed sleep and later occurrence of stress-related disorders such
as cardiovascular diseases (Parish and Shepard, 1990; Nilsson et al., 2001;
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Leineweber et al., 2003) and diabetes type II (Nilsson et al., 2002). The mecha-
nism has not been identified but both lipid and glucose metabolisms are impaired
in relation to experimentally reduced sleep (Akerstedt and Nilsson, 2003).
Burnout is another result of long-term stress and a growing health problem in
many industrialized countries (Weber and Jaekel-Reinhard, 2000). In Sweden,
burnout is thought to account for most of the doubling of long-term sickness
absence since the mid-1990s (RFV, 2003). The characteristic clinical symptoms of
the condition are excessive and persistent fatigue, emotional distress and cogni-
tive dysfunction (Kushnir and Melamed, 1992; Melamed, Kushnir and Sharom,
1992). Self-reports of disturbed sleep are pronounced in subjects scoring high on
burnout (Melamed et al., 1999; Grossi et al., 2003). Since shortened and frag-
mented sleep is related to daytime sleepiness and impaired cognitive performance
(Bonnet, 1985, 1986a, 1986b; Dinges et al., 1997; Gillberg and Akerstedt, 1998;
Akerstedt, 1990), disturbed sleep might provide an important link between the
state of chronic stress and the complaints of fatigue and cognitive dysfunction
seen in burnout.

Partinen, Eskelinen and Tuomi (1984) investigated several occupational groups and
found disturbed sleep to be most common among manual workers and much less so
among physicians or managing directors. Geroldi et al. (1996) found in a retrospec-
tive study of older individuals (above the age of 75) that former white-collar work-
ers reported better sleep than blue-collar workers. Kupperman et al. (1995) report-
ed fewer sleep problems in subjects satisfied with work.

In what seems to be the most detailed study so far, Ribet and Derriennic (1999) stud-
ied more than 21 000 subjects in France, using a sleep disturbance index and logis-
tic regression analysis. They found that shift work, a long working week, exposure
to vibrations, and “having to hurry” appeared to be the main risk factors, control-
ling for age and gender. Disturbed sleep was more frequent in women (Karacan et
al., 1976; Bixler, Kales and Soldatos, 1979; Ancoli-Israel and Roth, 1999) and in
higher age groups.

The particular stressor linked to disturbed sleep may be linked to pressure of work
(Urponen et al., 1988; Ancoli-Israel and Roth, 1999; Ribet and Derriennic, 1999; Aker-
stedt et al., 2002b). The demands of work are a classical work stress factor and, when
combined with low decision latitude, a relation has been shown to cardiovascular dis-
eases (Theorell et al., 1998) and absenteeism (North et al., 1996). Interestingly, when
“persistent thoughts about work” was added to the regression in the study by Akerstedt
et al. (2002b) this variable took over part of the role of work demands as a predictor.
This suggests that it may not be work demands per se that are important, but rather their
effect on unwinding after work. In two studies it has been demonstrated that even mod-
erate worries about being woken during the night or having a negative feeling about the
next day will affect sleep negatively, mainly reducing SWS (Torsvall and Akerstedt, 1988;
Kecklund and Akerstedt, 1997). On the other hand, there is very little data to connect
real life stress with polysomnographical indicators of disturbed sleep. Most studies have
used rather innocuous and artificial stressors in a laboratory environment. Field studies
of stress are virtually lacking, with some exceptions (Hall et al., 2000).

A lack of social support at work is a risk indicator for disturbed sleep (Akerstedt
et al., 2002b). Few previous data of this type have been found, but poor (general)
social support has been associated with sleep complaints in Vietnam veterans
(Fabsitz, Sholinsky and Goldberg, 1997). On the other hand, there are several
studies indicating a close connection with poor social support for, for example,
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cardiovascular diseases (Arnetz et al., 1986) or muscle pain (Ahlberg-Hultén,
Theorell and Sigala, 1995).

Interestingly, the metabolic changes seen after sleep curtailment in normal sleepers
or in insomniacs and sleep apnoeics are similar to those seen in connection with
stress. That is, lipid and glucose metabolisms are increased, as are cortisol levels
(Spiegel, Leproult and van Cauter, 1999; Vgontzas et al., 2000, 2001). Together with
the prospective links to stress-related diseases such as diabetes type II, to cardiovas-
cular diseases as discussed above and with mortality (Kripke et al., 1979, 2002;
Akerstedt et al., 2002a; Dew et al., 2003), the findings could suggest that disturbed
sleep may be an important mediator in the development of stress-related diseases.

2.3.4 SHIFT WORK AS A RISK FACTOR FOR SLEEP
DISTURBANCE AND HEALTH EFFECTS

The dominating health problem reported by shift workers is disturbed sleep and
wakefulness. At least three quarters of the shift working population is affected
(Akerstedt, 1988). When comparing individuals with a very negative attitude to shift
work with those with a very positive one, the strongest discriminator seems to be the
ability to obtain sufficient quality of sleep during the daytime (Axelsson et al., 2004).
EEG studies of rotating shift workers and similar groups have shown that day sleep
is 1-4 hours shorter than night sleep (Foret and Lantin, 1972; Foret and Benoit,
1974; Matsumoto, 1978; Tilley, Wilkinson and Drud, 1981; Torsvall et al., 1989;
Mitler et al., 1997). The shorter time is due to the fact that sleep is terminated after
only 4-6 hours without the individual being able to return to sleep. The sleep loss is
primarily taken out of stage 2 sleep and stage REM sleep (dream sleep). Stages 3 and
4 (“deep” sleep) do not seem to be affected. Furthermore, the time taken to fall
asleep (sleep latency) is usually shorter. Night sleep before a morning shift is also
reduced but the termination is through artificial means and the awakening usually
difficult and unpleasant (Dahlgren, 1981a; Tilley et al., 1982; Akerstedt, Kecklund
and Knutsson, 1991; Kecklund, 1996).

Interestingly, day sleep does not seem to improve much across a series of night shifts
(Foret and Benoit, 1978; Dahlgren, 1981b). It appears, however, that night workers
sleep slightly better (longer) than rotating workers on the night shift (Kripke, Cook
and Lewis, 1971; Bryden and Holdstock, 1973; Tepas et al., 1981). The long-term
effects of shift work on sleep are rather poorly understood. However, Dumont,
Montplaisir and Infante-Rivard (1988) found that the amount of sleep/wake and
related disturbances in present day workers were positively related to their previous
experience of night work. Guilleminault et al. (1982a) found an over-representation
of former shift workers with different clinical sleep/wake disturbances appearing at
a sleep clinic. Recently, we have shown that in pairs of twins with different night
work exposure, the exposed twin reports somewhat deteriorated sleep quality and
health after retirement (Ingre and Akerstedt, 2004).

The main reason for short daytime sleep is the influence exerted by the circadian
rhythm. The more sleep is postponed from the evening towards noon next day, the
more truncated it becomes and when noon is reached the trend reverts (Foret and
Lantin, 1972; Akerstedt and Gillberg, 1981). Thus, sleep during the morning hours
is strongly interfered with, despite the sizeable sleep loss that, logically, should
enhance the ability to maintain sleep (Czeisler et al., 1980). Also, homeostatic influ-
ences control sleep. For example, the expected 4-5 hours of daytime sleep, after a
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night spent awake, will be reduced to 2 hours if a normal night’s sleep precedes it
and to 3.5 hours if a 2-hour nap is allowed (Akerstedt and Gillberg, 1986). Thus,
the time of sleep termination depends on the balance between the circadian and
homeostatic influences. The circadian homeostatic regulation of sleep has also been
demonstrated in great detail in studies of forced or spontaneous desynchronization
under conditions of temporal isolation and ad lib sleeping hours (Czeisler et al.,
1980; Dijk and Czeisler, 1995).

2.3.4.1 Alertness, performance and safety

Night-oriented shift workers complain as much of fatigue and sleepiness as they do
about disturbed sleep (Akerstedt, 1988). The sleepiness is particularly severe on the
night shift, hardly appears at all on the afternoon shift and is intermediate on the morn-
ing shift. The maximum is reached towards the early morning (05.00-07.00).
Frequently, incidents of falling asleep occur during the night shift (Prokop and Prokop,
1955; Kogi and Ohta, 1975; Coleman and Dement, 1986). At least two thirds of the
respondents report that they have experienced involuntary sleep during night work.

Ambulatory EEG recordings verify that incidents of actual sleep occur during night
work in, for example, process operators (Torsvall et al., 1989). Other groups, such
as train drivers or truck drivers show clear signs of incidents of falling asleep while
driving at night (Caille and Bassano, 1977; Torsvall and Akerstedt, 1987; Kecklund
and Akerstedt, 1993). This occurs towards the second half of the night and appears
as repeated bursts of alpha and theta EEG activity, together with closed eyes and
slow undulating eye movements. As a rule the bursts are short (1-15 seconds) but
frequent, and seem to reflect lapses in the effort to fend off sleep. Approximately a
quarter of the subjects recorded show the EEG/EOG patterns of fighting with sleep.
This is clearly a larger proportion than what is found in the subjective reports of
episodes of falling asleep.

As may be expected, sleepiness on the night shift is reflected in performance. One of
the classics in this area is the study by Bjerner, Holm and Swensson (1955) who
showed that errors in meter readings over a period of 20 years in a gas works had a
pronounced peak on the night shift. There was also a secondary peak during the
afternoons. Similarly, Brown (1949) demonstrated that telephone operators connect-
ed calls considerably slower at night. Hildebrandt, Rohmert and Rutenfranz (1974)
found that train drivers failed to operate their alerting safety device more often at
night than during the day. Most other studies of performance have used laboratory
type tests and demonstrated, for example, reduced reaction time or poorer mental
arithmetic on the night shift (Tepas et al., 1981; Tilley et al., 1982). Flight simula-
tion studies have furthermore shown that the ability to “fly” a simulator (Klein,
Bruner and Holtman, 1970), or to carry out a performance test (Dawson and Reid,
1997) at night may decrease to a level corresponding to that after moderate alcohol
consumption (>0.05% blood alcohol) Interestingly, Wilkinson et al. (1989) demon-
strated that reaction time performance on the night shift (nurses) was better in per-
manent than rotating shift workers.

If sleepiness is severe enough, interaction with the environment will cease and if this
coincides with a critical need for action an accident may ensue. Such potential per-
formance lapses due to night work sleepiness were seen in several of the train driv-
ers discussed earlier (Torsvall and Akerstedt, 1987). The transport area is where
most of the available accident data on night shift sleepiness has been obtained
(Lauber and Kayten, 1988). Thus, Harris (1977) and Hamelin (1987) demonstrated
that single vehicle accidents have by far the greatest probability of occurring at night.
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So do fatigue-related accidents (Reyner and Horne, 1995) but also most other types
of accidents, for example head-on collisions and rear-end collisions (Akerstedt,
Kecklund and Horte, 2001). The National Transportation Safety Board ranks
fatigue as one of the major causes of heavy vehicle accidents (NTSB, 1995).

For conventional industrial operations very little relevant data is available but fatal
work accidents show a higher risk in shift workers (Akerstedt et al., 2002a) and acci-
dents in the automotive industry may exhibit night shift effects (Smith, Folkard and
Poole, 1994). An interesting analysis has been put forward by the Association of
Professional Sleep Societies’ Committee on Catastrophes, Sleep and Public Policy
(Mitler et al., 1988). Their consensus report notes that the nuclear plant meltdown at
Chernobyl occurred at 01.35 and was due to human error (apparently related to work
scheduling). Similarly, the Three Mile Island reactor accident occurred between 04.00
and 06.00 and was due not only to the stuck valve that caused a loss of coolant water
but, more importantly, to the failure to recognize this event, leading to the near melt-
down of the reactor. Similar incidents, although with the ultimate stage being prevent-
ed, occurred in 1985 at the Davis Besse reactor in Ohio and at the Rancho Seco reac-
tor in California. Finally, the committee also states that the NASA Challenger space
shuttle disaster stemmed from errors in judgement made in the early morning hours by
people who had had insulfficient sleep (through partial night work) for days prior to
the launch. Still, there is very limited support for the notion that shift work outside the
transport area actually carries a higher overall accident risk.

As with sleep, the two main factors behind sleepiness and performance impairment
are circadian and homeostatic factors. Their effects may be difficult to separate in
field studies but are clearly discernible in laboratory sleep deprivation studies
(Froberg et al., 1975) as well as in studies of forced desynchronization (Dijk, Duffy
and Czeisler, 1992). Alertness falls rapidly after awakening but gradually levels out
as wakefulness is extended. The circadian influence appears as a sine-shaped super-
imposition upon this exponential fall in alertness. Space does not permit a discussion
of the derivation of these functions, but the reader is referred to Folkard and Aker-
stedt (1991) in which the “three-process model of alertness regulation” is described.
This model has been turned into computer software for predicting alertness and per-
formance and to some extent accident risk.

2.3.4.2 Health effects

Gastrointestinal complaints are more common among night shift workers than
among day workers. A review of a number of reports covering 34 047 persons with
day or shift work found that ulcers occurred in 0.3-0.7% of day workers, in 5% of
people with morning and afternoon shifts, in 2.515% of persons with rotating shift
systems with night shifts, and in 10-30% of ex-shift workers (Angersbach et al.,
1980). Several other studies have come to similar conclusions (Thiis-Evensen, 1958;
Segawa et al., 1987; Harrington, 1994). Other gastrointestinal disorders, including
gastritis, duodenitis and dysfunction of the digestive system are more common in
shift workers than in day workers (Koller, 1983).

The pathophysiologic mechanism underlying gastrointestinal disease in shift work-
ers is unclear, but one possible explanation is that intestinal enzymes and intestinal
mobility are not synchronized with the sleep/wake pattern. Intestinal enzymes are
secreted according to the circadian rhythm, and shift workers’ intake of food is irreg-
ular compared with intestinal function (Suda and Saito, 1979; Smith, Colligan and
Tasto, 1982). A high nightly intake of food may be related to increased lipid levels
(Lennernas, Akerstedt and Hambraeus, 1994) and eating at the circadian low point
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may be associated with altered metabolic responses (Hampton et al., 1996). In addi-
tion, reduced sleep affects lipid and glucose metabolism (Spiegel, Leproult and van
Cauter, 1999).

A number of studies have reported a higher incidence of cardiovascular disease, espe-
cially coronary heart disease, in male shift workers than in men who work days (for
review see Kristensen, 1989; Boggild and Knutsson, 1999). A study of 504 paper
mill workers followed for 15 years found a dose-response relationship between
years of shift work and incidence of coronary heart disease in the exposure interval
1-20 years of shift work (Knutsson et al., 1986). A study of 79 000 female nurses in
the United States gave similar results (Kawachi et al., 1995) as did a study with more
than 1 million Danish men (Tiichsen, 1993) and a cohort of Finnish workers
(Tenkanen et al.,1997). As with gastrointestinal disease, a high prevalence of smok-
ing among shift workers might contribute to the increased risk of coronary heart dis-
ease, but smoking alone cannot explain the observed excess risk (Knutsson, 1989b).
Another possibility is disturbances of metabolic parameters such as lipids and glu-
cose for which there is some support as discussed above.

Only a few studies have addressed the issue of pregnancy outcome in shift workers.
In one study of laboratory employees, shift work during pregnancy was related to a
significantly increased risk of miscarriage (RR: 3.2) (Axelsson, Lutz and Rylander,
1984). Another study of hospital employees also demonstrated an increased risk of
miscarriage (RR: 1.44, 95% CI: 0.83-2.51) (Axelsson and Rylander, 1989). Lower
birth weight in infants of mothers who worked irregular hours has been reported
(Axelsson and Rylander, 1989; Nurminen, 1989). No teratogenic risk associated
with shift work was reported (Nurminen, 1989).

The mortality of shift and day workers was researched by Taylor and Pocock (1972),
who studied 8603 male manual workers in England and Wales between 1956 and
1968. Day, shift, and ex-shift workers were compared with national figures. The
Standardized Mortality Ratio (SMR) can be calculated from observed and expected
deaths reported in the paper. SMRs for deaths from all causes were 97, 101 and 119
for day, shift, and ex-shift workers respectively. Although the figures might indicate
an increasing trend, the differences were not statistically significant. However, the
reported SMR close to 100 is remarkable because the reference population was the
general male population. Most mortality studies concerned with occupational
cohorts reveal SMRs lower than 100, implying a healthy workers’ effect
(Harrington