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Abstract

In order to determine the influence of noise sensitivity on sleep, subjective sleep quality,
annoyance, and performance after nocturnal exposure to traffic noise, 12 women and 12 men
(age range, 19-28 years) were observed during four consecutive nights over a three weeks
period. After a habituation night, the participants were exposed with weekly permuted
changes to air, rail and road traffic noise. Of the four nights, one was a quiet night (32 dBA),
while three were noisy nights with exposure to equivalent noise levels of 39, 44, and 50 dBA
in a permuted order. The traffic noise caused alterations of most of the physiological
parameters, subjective evaluation of sleep, annoyance, and performance. Correlations were
found between noise sensitivity and subjective sleep quality in terms of worsened restoration,
decreased calmness, difficulty to fall asleep, and body movements. The results suggest that
alterations of subjective evaluation of sleep were determined by physical parameters of the
noise but modified by individual factors like noise sensitivity.
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The effects of noise on sleep can be categorized into primary, secondary, and tertiary or long-
term effects based on their temporal occurrence. ! The primary effects occur during bedtime
with pronounced alterations of sleep (arousals, sleep stage changes, and awakenings) and
autonomous functions. The secondary effects are the consequences of disturbed sleep such as
. . . . ; [2].[3].[4].[5]
annoyance and impairment of subjective sleep quality, well-being, and performance.
In the long run, these primary and secondary effects are suspected to contribute to the genesis
of multi-factorial chronic diseases, particularly, to cardiovascular diseases.

The effects of traffic noise are determined by a variety of moderating factors. ! Apart from
the acoustical characteristics such as sound pressure level and frequency spectra, the situation
(e.g., a familiar surrounding or laboratory) as well as individual factors such as noise
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sensitivity might play a decisive role, #1ELE]
Noise sensitivity and annoyance

Noise sensitivity is re?_a]ded as a stable personality trait that reflects the individual's attitude
to noise in general. B R203] ngiyiduals who are repeateﬂ?/ annoyed by noise in
different situations characterize themselves as noise sensitive. 24" This sensitivity indicates
the vulnerability to a wide range of noises, which moderates the degree of noise annoyance,
and thus, explains partly the inter-individual variance of reactions to noise. 3!

Laboratory and field studies on the effects of transportation noise have shown that sensitive
individuals are more annoyed than those who are rather resistant against the impact of noise,
and up to one-fourth of the variance of annoyance is explained by this trait, 16}71118]

Noise sensitivity and subjective evaluation of sleep

With regard to night time annoyance, several studies have shown strong negative correlations
between noise sensitivity and subjectively evaluated slee&?ﬂalit or the number of recalled
awakenings in residents exposed to transportation noise. (8:1191{20.[21]

Ohrstrom et al . confirmed this for laboratory studies where subjective sleep quality after
noisy nights was reduced bﬁZ% in rather noise resistant individuals and by 25.4% in noise
sensitive individuals. “'24%3] These authors identified the number of noise events (25.8%
explained variance) as the most important and noise sensitivity as the second most important
factor (12.7% explained variance) for subjective evaluation of sleep quality.

Noise sensitivity and performance

The relevance of noise sensitivity for performance was, as a rule, studied under the direct
influence of noise in the laboratory. Zimmer and Ellermeier 22 found impairments of a serial-
recall task during exposure to irrelevant speech but an almost negligible influence of noise
sensitivity with correlation coefficients ranging between r = 0.084 and r = 0.232 depending on
the instrument used for measuring noise sensitivity. Similar results were reported for
ventilation and road traffic noise. 221124l A field study revealed that subjects with high
sensitivity scores made more daily errors than those with low sensitivity scores. 2!

Studies concerning the relationship between noise sensitivity and performance after noise
disturbed nights are rare and the results are inconsistent. Whereas Ohrstr m and Rylander )
could not determine an association between noise sensitivity and performance decrements
after nocturnal traffic noise, Ohrstr m and Bj grkman 222! found prolonged reaction times
in a simple-reaction-time task in the non-sensitive individuals compared to the sensitive ones.

Noise sensitivity and physiological functions

A very few studies have focused on the influence of noise sensitivity on physiological
responses. With regard to daytime exposure, Stansfeld et al ., 2 apart from decelerated heart
rates in sensitive women, found no further physiological distinctions between sensitive and
non-sensitive individuals concerning blood pressure, skin conductance, and hearing
thresholds. Similarly, Waye et al . 2 did not observe significant influence of noise sensitivity
on the release of cortisol during several tests performed under the impact of ventilation noise.
However, the ventilation noise with a lower frequency spectrum was accompanied by an
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attenuation of the circadian rhythms and decline of cortisol levels in sensitive individuals as
compared to rather resistant individuals. Griefahn and Di Nisi 22 found stronger reactions in
terms of acute annoyance, decrease of peripheral blood flow, and acceleration of heart rate in
sensitive than in non-sensitive individuals exposed to various types of noise.

Concerning the physiological effects of nocturnal noise, the results reported in the literature
are contradictory. Where Ohrstr om et al. , 22! reported fairly larger event-related increases
of heart rates in sensitive individuals as compared to non-sensitive individuals, Di Nisi et al .
1281 a5 well as Brink et al . found same noise-induced vegetative alterations in sensitive as
well as rather resistant individuals.

Ohrstrom and Bjorkman, 243! Ghrstrom and Rylander ¥ as well as Brink et al ., ! who
recorded body movements as an indicator of sleep disturbances, could not ascertain more
movements in sensitive than in non-sensitive individuals. Basner et al . 2 recorded the
polysomnogram, which is the only measure that clearly differentiates between the awake and
sleep states and provides information about sleep depth. However, many large laboratory and
field studies on the effects of nocturnal aircraft noise have determined more awakenings in
sensitive individuals than in non-sensitive individuals. Griefahn 2 found no influence of
nocturnal road traffic noise on the polysomnogram.

Aim of the study

The aim of the present study was to investigate the effects of traffic noise exposure on sleep,
subjective sleep quality, annoyance, and performance and to explore whether these reactions
are associated with noise sensitivity, which is determined with the newly developed Noise
Sensitivity Questionnaire (NoiSeQ). B% According to the literature, noise sensitivity is
expected to influence the subjective sleep quality and night time annoyance, less markedly
performance, but probably not the physiological parameters of sleep that are indicated by the
polysomnogram.

Materials and Methods

Participants

Twenty-four healthy and normal hearing individuals (12 women and 12 men; mean age, 23.1
+ 2.5 years) gave their written consent to the study, which was approved by the local Ethics
Committee.

Design and procedure

The participants slept in the laboratory for 13 nights (three consecutive weeks). After a
habituation night, from Sunday to Monday, they spent four consecutive nights, each week,
from Monday evening to Friday morning in the laboratory. They were exposed with weekly
permuted changes to noises emitted from road, rail, and air traffic, respectively. Of the four
nights, one was a quiet night where a pink noise with an L aeq = 32 dB was applied
continuously, while three were noisy nights with exposure to equivalent noise levels of 39, 44,
and 50 dBA in a permuted order.

The participants arrived at the laboratory two hours prior to bedtime; here, the electrodes for
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the derivation of the polysomnogram were fixed. After the completion of performance tests
and the evaluation of the actual situation, the subjects went to bed. The lights were switched
off and the recordings were started at 11 p.m. The participants slept in separate sound-
insulated rooms with air temperature adjusted to 20°C. After waking up at 7 a.m., the
participants completed a short questionnaire to evaluate their sleep and then executed a
performance test.

Materials

Noise sensitivity

Noise sensitivity was measured using the Noise-Sensitivity-Questionnaire (NoiSeQ), 2%
which determines the global noise sensitivity with seven items each for five different areas,
namely, work, sleep, communication, leisure, and habitation. Each item consists of a
statement where the participants used a four-point rating scale to indicate their agreement
from strongly agree (0) to strongly disagree (3). These scores were summed up and divided by
the number of statements so that global sensitivity potentially varies between 0 and 3.

Additionally, the subjects completed several other questionnaires to determine their personal
traits such as neuroticism, introversion, and anxiety. Individuals with high scores in the
neuroticism and anxiety scales were excluded from the experiments.

Polysomnogram

The polysomnogram, i.e., two electroencephalograms (EEG), two electrooculograms (EOG),
and one electromyogram (EMG), was continuously recorded throughout all nights and
evaluated according to Rechtschaffen and Kales. X The parameters derived from each
polysomnogram were sleep onset latency (SOL.: time elapsed between lights off and sleep
onset), sleep period time (SPT: sleep onset until final awakening), wakefulness after sleep
onset (WASQ), total sleep time (TST = SPT-WASO), sleep efficiency index (SEI =
TST/SPT), and the time spent in each sleep stage. Sleep stage 2, which usually amounts about
50%, remained unaffected by noise and was, therefore, not listed in the tables. Additionally,
the times spent in stages 3 and 4 were summed up to SWS (slow-wave-sleep) and time spent
awake was combined with stage 1, i.e., the transition between wake and sleep (time in SO and
1).

Subjective evaluation of sleep

Sleep was subjectively evaluated every morning using short questionnaires with six scales
ranging from 0 to 10. The participants were requested ("Please estimate your sleep™) to
estimate their difficulty to fall asleep just after going to bed as well as after intermittent
awakening (both scales reaching from very difficult to very easy), calmness of sleep (very
restless-very calm), sleep depth (very shallow-very sound), restoration (very low-very high),
and body movements (very much-very little). These six items were first analyzed separately.
Six scores were also summed up to "subjective sleep quality,” where 0 indicated very poor
and 60 indicated excellent sleep quality. Three further questions concerned sleep latency (in
minutes), number of recalled awakenings, and estimated duration of intermittent awakenings
(in minutes).
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Annoyance

Every morning annoyance was assessed by a single question "How strongly have you been
disturbed or annoyed by traffic noise during the night?" A ten-point scale reaching from "not
at all" to "extreme™ was used to estimate the degree of annoyance.

Performance test (switch)

A two-figured number was presented for 170 minutes in a corner of a virtual square in the
centre of the screen of a personal computer. By using two correspondingly arranged keys, the
participants had to indicate the position of the even figure for numbers occurring above the
centre, and the position of the greater figure for numbers occurring below the centre
accordingly. After a total of 240 stimuli were presented clockwise, the participants could
prepare for the following task, i.e., repetition (non-switch) or changes (switch). The reaction-
stimulus interval was 1000 minutes. The reaction time and errors were calculated separately
for switch and non-switch; the differences between both were labelled as switch costs.

Statistics

The statistical analyses were based on the means calculated over the nine noisy nights of each
participant irrespective of the type and the level of noise and on the means of the three quiet
nights concerning polysomnographic data, subjective sleep quality, annoyance, and
performance. The Wilcoxon test for related samples was used to test for differences between
quiet and noisy nights.

Pearson correlations were calculated between noise sensitivity and physiological sleep
parameters, subjectively evaluated sleep parameters, annoyance, and performance as averaged
over the nine noisy nights. P -values < 0.05 were considered as significant and P -values <
0.10 indicated a trend. Analyses were performed with SPSS 12.0 for Windows.

Results

Noise sensitivity

Within the possible range from 0 to 3, noise sensitivity as determined with the NoiSeQ ranged
between 0.37 and 1.77 (median = 1.2, mean = 1.08) indicating that the samples studied here
were rather less sensitive.

Noise effects

The three quiet nights were compared with the nine noisy nights. Where sleep latency and
sleep period time were not affected by noise, significant alterations in the expected direction
were identified for WASO, TST, SEI, time in SO and 1, in SWS-sleep and in REM-sleep
[Table - 1]. Concerning subjective evaluation, apart from the number of recalled awakenings
that only revealed a trend, the estimated parameters of sleep showed highly significant
impairments ( p < 0.001). Annoyance was also significantly greater after noisy nights rather
than after quiet nights. Regarding performance reaction, time showed a strong trend towards
prolongation after noisy nights, but neither the number of errors nor the switch costs revealed
effects of noise.
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Correlation analyses with noise sensitivity

Correlation coefficients were calculated between NoiSeQ-scores and those variables that were
significantly altered respectively after noisy nights with p -values of at least 0.01. The
respective coefficients with p -values of at least 0.1 are listed in the last columns of [Table -

1],[Table - 2].

None of the other physiological sleep parameters were associated with noise sensitivity.
Concerning subjective evaluation, the difficulty to fall asleep (initially) and subjectively
evaluated sleep depth were not related to noise sensitivity. Calmness and restoration showed a
significant trend, where the difficulty to fall asleep after intermittent awakening, estimated
body movements as well as the sum of these six variables, labelled as "sleep quality"” were
significantly associated with noise sensitivity. However, neither annoyance, the estimated
time to fall asleep, the recalled number of awakenings, the estimated duration of wakefulness
after sleep onset, nor reaction time were significantly related to noise sensitivity.

Discussion

Methodological aspects

As the participants were expected to spend 13 nights over a three weeks period in the
laboratory, they were carefully selected. They completed several questionnaires that focused
on personal traits. Applicants with high neuroticism- and anxiety-scores were excluded from
participation. As both these traits correlate with noise sensitivity, these selection criteria
implicitly reduced the number of noise sensitive individuals. 1222 |n addition, self-
selection had to be taken into account. Since the requirements of the study that the
participants could be exposed to transportation noise during nights were clarified, sensitive
individuals who probably anticipated (severe) sleep disturbances did not apply for
participation. As a result, the NoiSeQ-scores (which were not used for selection) varied in a
rather narrow range, namely between 0.37 and 1.77, indicating that the participants in this
study were rather resistant than sensitive to noise.

Despite the small range of the NoiSeQ-scores in the actually studied sample, this analysis was
performed to test the applicability of the newly developed NoiSeQ. Significant correlations of
NoiSeQ-scores with at least a few subjective alterations were expected to reveal a higher
predictive power in samples with larger variance of sensitivity.

Noise effects

Apart from sleep latency and sleep period time with a trend towards degraded sleep, all the
physiological sleep parameters were significantly impaired during noisy than that during the
quiet nights. These alterations were expected and supported by other studies. !2%

The physiological alterations were followed by significant after-effects. In line with other
studies, annoyance and each of the six items, which constitute subjective sleep quality, were
significantly worsened. M 24I5L32 pMoreover, nocturnal noise exposure was followed by
prolonged reaction times, while the error rate remained unaffected. The effects on
performance are supported by studies on executive functions (that are essential for the
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execution of the switch task applied here) that were impaired even after partial sleep
deprivation or led to an attenuation of event-related potentials. 231241351

The influence of noise sensitivity

Inter-individual differences were ascertained during noisy nights for physiological sleep
parameters, and consecutively, for subjective sleep quality and performance by a great variety
of individual and situational influences. Noise sensitivity is considered as a major contributor
to the extent of responses to noise. However, none of the physiological parameters of sleep
were significantly related to this personality trait and the same was true for performance,
whereas several items of subjective evaluation of sleep were clearly related to noise
sensitivity.

This discrepancy between physiological responses and performance data on one hand and
subjective evaluation on the other hand is well in line with the literature. The noise-induced
alterations of physiological functions were occasionally related to noise sensitivity. Stansfeld
et al .12 as well as Smith and Rich, ! who have studied galvanic skin resistance and
cardiovascular effects, respectively, state that these vegetative responses are independent from
noise sensitivity. However, a strong association was reported by Griefahn and Di Nisi 2" who
found clearly enhanced cardiovascular and emotional responses to short periods of gunfire,
traffic noise, and pink noise in sensitive individuals than in the resistant individuals.

However, where emotional reactions might contribute, via stress-related release of cortisol, to
the physiological response during consciousness, this is less likely during sleep, and there is
scarcely a study that reveals the relationship between physiological responses and noise
sensitivity. Di Nisi et al .12 as well as Brink et al . & did not record larger cardiovascular
responses in sensitive individuals than in the less-sensitive individuals. The same was true for
body movements, as reported by Brink et al ., Ohrstrom and Bjorkman., 423! ang
Ohrstrom and Rylander, ™ and for sleep disturbances as verified by the means of a
polysomnogram. E2B8 Only Basner et al ., %! who identified event-related awakenings with
the polysomnogram in large laboratory and field studies, reported more noise-related
awakenings in sensitive individuals than in rather resistant individuals; however, this was
observed only in the laboratory.

Similar to the noise-induced physiological alterations, the prolongation of reaction times after
noisy nights was also not related to noise sensitivity. This is supported by an experimental
[sflldy performed by Ohrstr om and Rylander ™ and a field study done by Smith and Stansfeld.
25

However, noise sensitivity plays a significant role for subjective evaluation. The difficulty to
fall asleep after intermittent awakening, calmness, restoration, estimated body movements,
and sleep quality turned out to be influenced by noise sensitivity with p -values of

approximately 0.08 for the correlation coefficients. These findings are supported by other
studies, (471181141 [15].[21]

Concerning annoyance, large-scale social surveys and carefully performed meta-analyses
have clearly shown the impact of noise sensitivity on annoyance. 22240 However, the
situation for night time annoyance is more complex, since this feeling results from noise
experienced during consciousness, i.e., during sleep onset latency and intermittent
wakefulness, and from subjective evaluation of sleep, which at the time of evaluation belongs
to the past and constitutes a qualitatively different state of consciousness. “Y The time to fall
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asleep and intermittent wakefulness were only moderately prolonged by 2 and 9 minutes,
respectively, which was sufficient to elevate annoyance as compared to quiet nights, but again
rather moderately, from 1.1 to 4.8 on a scale from 0 to 10. Both the small ranges, within
which noise sensitivity and annoyance vary, might have masked the hypothesized relation.

The influence of noise sensitivity on night time annoyance is also determined in other studies.
[8].[9].[12],[16],[17],[40].[42]

However, the present results are in accordance with a study performed by Heinonen-Guzejev
et al ., who have analyzed 1495 questionnaires from Finnish adults. Annoyance was
determined with 10 items and noise sensitivity with a single question. According to a factor
analysis, one factor labelled as "night time annoyance," included annoyance items concerning
sleep problems, becoming nervous, and disturbances of rest; a second factor labelled as
"daytime annoyance,"” included annoyance items about disturbances of conversation and
listening to radio/TV; and the third factor included self reports of traffic noise exposure. None
of these factors correlated significantly with noise sensitivity.

With respect to these repeatedly reported discrepancies between physiological and
performance data and subjective evaluation ™! noise sensitivity can be viewed as an
independent variable, which may be directly related to the subjective evaluation of sleep
quality without the detour over night-time annoyance. Additionally, this might be specifically
related to the definition and the instruments used for the determination of noise sensitivity.
None of these instruments (questionnaires) developed and applied so far predicts individual
differences in the effects of noise but predicts them for subjective emotional outcomes.
Another major problem with these measures is that they reflect general sensitivity rather than
something specific to noise. “%“ |f so, it can be speculated that the unfamiliar environment
in the laboratory may have a stronger influence on sleep, thus, masking the influence on noise
effects.

Conclusion

The results of the present study suggest that noise sensitivity is an important non-acoustical
factor concerning the subjective reactions to nocturnal traffic noise exposure. After noisy
nights, subjective evaluation of sleep was rated worse by noise sensitive individuals than by
the non-sensitive individuals.

Noise sensitivity seems to be a suitable predictor for subjectively evaluated sleep but not for
physiological alterations of sleep. Further research with noise sensitivity directed pre-
selections, i.e., a greater sample with a wider range of noise sensitivity, are necessary to
reveal a higher prediction power for noise-induced alterations of subsequent annoyance and
performance.

References

1. Griefahn B, Scheuch K, Jansen G, Spreng M. Protection goals for residents in the
vicinity of civil airports. Noise Health 2004;6:51-62.

2. Basner M, Samel A. Nocturnal aircraft noise effects. Noise Health 2004;6:83-93.
[PUBMED] [FULLTEXT]

3. Bluhm G, Nordling E, Berglind N. Road traffic noise and annoyance: An increasing
environmental health problem. Noise Health 2004;6:43-9.



http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ref8
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ref9
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ref12
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ref16
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ref17
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ref40
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ref42
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ref43
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ref44
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ref40
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ref45
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft1
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15070533&dopt=Abstract
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2004;volume=6;issue=22;spage=83;epage=93;aulast=Basner
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft3
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks

B

|1

N @

|o°

Ohrstr gm E, Rylander R. Sleep disturbance by road traffic noise: A laboratory study on
number of noise events. J Sound Vibration 1990;143:93-101.

Passchier-Vermeer W, Vos H, Steenbekkers JH, van der Ploeg FD, Groothuis-Oudshoorn
K. Sleep disturbance and aircraft noise exposure. Exposure-effect relationship. TNO
Prevention and Health TNO-Report Nr. 2002. p. 027.

Griefahn B. Sleep disturbances related to environmental noise. Noise Health 2002;4:57-
60. B[PUBMED] [FULLTEXT]

Belojevic G, Jakovljevic B, Aleksic O. Subjective reactions to traffic noise with regard to
some personality traits. Environ Int 1997;23:221-6.

Brink M, Wirth K, Rometsch R, Schierz Ch. Lérmstudie 2000 Zusammenfassung. ETH
Zirich, Zentrum fur Organisations- und Arbeitswissenschaften. 2005. Available from:
http://e-collection.ethbib.ethz.ch/show?type=Dberichtandn=444.

Quehl J. Effects of nocturnal aircraft noise - Volume 4 - Psychological Effects, 2005.
Forschungsbericht DLR FB 2004-10/E, ISSN 1334-8454.

Anderson CM. The measurement of attitude to noise and noises. Acoustics Report, 52,
Teddington, Middx: National Physical Laboratory: 1971.

Job RF. Noise sensitivity as a factor influencing human reaction to noise. Noise and
Health, 1999;3:57-68.

Ohrstr gm E, Skenberg A, Svensson H, Gidl of-Gunnarsson A. Effects of road traffic
noise and the benefit of access to quietness. J Sound Vibration 2006;295:40-59.
Stansfeld SA. Noise, noise sensitivity and psychiatric disorder. Psychol Med
Monographs 1992;Supplement 22.

Ohrstr ¢m E, Bj erkman M. Effects of noise-disturbed sleep: A laboratory study on
habituation and subjective noise sensitivity. J Sound Vibration 1988;122:277-90.

Ohrstr om E, Bj orkman M, Rylander R. Noise annoyance with regard to
neurophysiological sensitivity, subjective noise sensitivity and personality variables.
Psychol Med 1988;18:605-13.

Bullen RB, Hede AJ, Kyriacos E. Reaction to aircraft noise in residential areas around
Australian airports. J Sound Vibration 1986;108:199-225.

Kjellberg A, Landstr m U, Tesarz M, S ¢derberg L, Akerlund E. The effects of
nonphysical noise characteristics, ongoing task and noise sensitivity on annoyance and
distraction due to noise at work. J Environ Psychol 1996;16:128-36.

van Kamp I, Job RF, Hatfield J, Haines M, Stellato RK, Standfeld SA. The role of noise
sensitivity in the noise-response relation: A comparison of three international airport
studies. J Acoust Soc Am 2004;116:3471-9.

Griefahn B. Schlafverhalten und Gerdusche. Feld- und Laboruntersuchungen tber
StraBenverkehr, EEG-Analyse, Literaturauswertung. Stuttgart: Ferdinand Enke; 1985.

20. Jakovljevic B, Belojevic G, Paunovic K, Stojanov V. Road traffic noise and sleep

disturbances in an urban population: Cross-sectional study. Croatian Med J 2006;47:125-
33.

Nivison ME, Endresen IM. An analysis of relationships among environmental noise,
annoyance and sensitivity to noise and the consequence for health and sleep. J Behav
Med 1993;16:257-76.

22. Zimmer K, Ellermeier W. Psychometric properties of four measures of noise sensitivity:

A comparison. J Environ Psychol 1999;19:295-302.

Belojevic G, Ohrstr om E, Rylander R. Effects of noise on mental performance with
regard to subjective noise sensitivity. Int Ach Occup Environ Health 1992;64:293-301.
Waye KP, Bengtsson J, Rylander R, Hucklebridge F, Evans P, Clow A. Low frequency
noise enhances cortisol among noise sensitive subjects during work performance. Life
Sci 2002;70:745-58.

25. Smith A, Stansfeld S. Aircraft noise exposure, noise sensitivity and everyday errors.


http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft4
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft5
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12678949&dopt=Abstract
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2002;volume=4;issue=15;spage=57;epage=60;aulast=Griefahn
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft7
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft8
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft9
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft10
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft11
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft12
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft13
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft14
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft15
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft16
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft17
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft18
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft19
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft20
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft21
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft22
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft23
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft24
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft25
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks

Environ Behav 1986;18:214-26.

Stansfeld SA, Clark CR, Turpin GL, Jenkins M, Tarnopolsky A. Sensitivity to noise in a
community sample: II. Measurement of psychophysiological indices. Psychol Med
1985;15:255-63.

Griefahn B, Di Nisi. Mood and cardiovascular functions during noise, related to
sensitivity, type of noise and sound pressure level. J Sound Vibration 1992;155:111-23.

Di Nisi J, Muzet A, Ehrhart J, Libert JP. Comparison of cardiovascular responses to
noise during waking and sleeping in humans. Sleep, 1990;13:108-20.

Basner M, Buess H, Elmenhorst D, Gerlich A, Luks N, Maaf} H, et al.
Nachtflugwirkungen. Band 1, Zusammenfassung. 2004. Available from:
http://www.dlr.de/me/institut/abteilungen/flugphysiologie/fluglorm/fb2004-07-d.pdf.

30. Schiitte M, Marks A. Entwicklung des Dortmunder Lérmempfindlichkeits- Fragebogens

(DoLe). In: Gesellschaft fir Arbeitswissenschaft (Hrsg.) Bericht zum 50. Kongress der
Gesellschaft fir Arbeitswissenschaft vom 24.-26.03.2004 an der ETH Zdrich (S 387-
390). GfA-Press: Dortmund; 2004.

Rechtschaffen A, Kales A. A manual of standardized terminology, techniques and
scoring system for sleep stages in human subjects. US Dept of Health, Education and
Welfare. Public Health Service - National Institutes of Health, National Institute of
Neurological Diseases and Blindness, Neurological Information Network: Bethesda,
Maryland; 1968. p. 20014.

LeVere TE, Morlock GW, Hart FD. Waking performance decrements following minimal
sleep disruption: The effects of habituation during sleep. Physiol Psychol 1975;3:147-54.

33. Jones K, Harrison Y. Frontal lobe function, sleep loss and fragmented sleep. Sleep Med

Rev 2001;5:463-75.

Miyake A, Friedmann NP, Emerson MJ, Witzki AH, Howerter A, Wager TD. The unity
and diversity of executive functions and their contributions to complex "Frontal Lobe"
tasks: A latent variable analysis. Cogn Psychol 2000;41:49-100.

Schapkin SA, Falkenstein M, Marks A, Griefahn B. Executive brain function after
exposure of nocturnal traffic noise: effects of task difficulty and sleep quality. Eur J Appl
Physiol 2006;96:693-702.

Smith AP, Rich N. Helicopter noise exposure, noise sensitivity, annoyance and
cardiovascular response. Environ Behav 2002;18:214-26.

Griefahn B. A critical load for nocturnal high-density road traffic noise. Am J Ind Med
1986;9:261-9.

38. Griefahn B, Gros E. Noise and sleep at home, a field study on primary and after-effects. J

Sound Vibration 1986;105:373-83.

Job RF. Community response to noise: A review of factors influencing the relationship
between noise exposure and reaction. J Acoust Soc Am 1988;83:991-1001.

Miedema HM, Vos H. Noise sensitivity and reactions to noise and other environmental
conditions. J Acoust Soc Am 2003;113:1492-504.

Griefahn B, M ¢hler U, Schuemer R. Vergleichende Untersuchung Gber die
Lormwirkung bei StraBen- und Schienenverkehr. Miinchen: SGS; 1999.

Stansfeld SA, Sharp DS, Gallacher J, Babisch W. Road traffic noise, noise sensitivity and
psychological disorder. Psychol Med 1993;23:977-85.

Heinonen-Guzejev M, Vuorinen HS, Kaprio J, Heikkild K, Mussalo-Rauhamaa H,
Koskenvuo M. Self-report of transportation noise exposure, annoyance and noise
sensitivity in relation to noise map information. J Sound Vibration 2000;234:191-206.
H ¢ger R, Schreckenberg D, Felscher-Suhr U, Griefahn B. Night-time noise annoyance:
State of the art. Noise Health 2002;4:19-25.


http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft26
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft27
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft28
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft29
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft30
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft31
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft32
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft33
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft34
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft35
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft36
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft37
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft38
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft39
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft40
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft41
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft42
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft43
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft44
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks

45. Smith A. The concept of noise sensitivity: Implications for noise control. Noise and
Health, 2003;5:57-9.


http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks#ft45
http://www.noiseandhealth.org/article.asp?issn=1463-1741;year=2007;volume=9;issue=34;spage=1;epage=7;aulast=Marks

