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Sleep and health
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O. Itani et al. / Sleep Medicine 32 (2017) 246-256



Sleep and health
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“From the evidence presented so far it 

can be deduced that sleep is 

important for human functioning. 

Why exactly is less evident, but it is 

clear that disturbed sleep (either from 

internal factors or from external 

factors) leads to or is at least 

associated with fatigue, lower cognitive 

performance, depression, viral illness, 

accidents, diabetes, obesity and 

cardiovascular diseases.”

“The presence of feedback loops in the 

system is an indication that it may 

be difficult to prove direct 

cause–effect relations. One 

example is the relation between 

sleep quality and depression. They 

are strongly associated, but it is 

uncertain if depression causes bad 

sleep, or bad sleep causes 

depression”

WHO Regional Office for Europe 2009



Physiological reaction to external stimuli
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Basner et al. / Noise Health 2012;14:321-9



Quantifying sleep disturbance

 Electrocardiography (Basner et al. Noise Health 2012;14:321-9)

5 Quantifying sleep disturbance

Perron et al./  Noise Health 2012;14:58-67



Physiological measures
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Muzet / Sleep Medicine Reviews (2007) 11, 135–142

http://www.laermstudie.de/aktuelles/news/

http://www.laermstudie.de/ergebnisse/ergebnisse-schlafstudie/neue-methode/

Basner et al. / Noise Health 2012;14:321-9



Questionnaires

• validated questionnaires to detect sleep problems (e.g. 

Mayo, Pittsburgh Sleep Quality Index, Epworth 

Sleepiness Scale, Berlin Questionnaire, ….)

• questionnaires for epidemiological and intervention 

studies need to detect subclinical changes and 

disturbances related to relevant environmental exposure

• need to capture important aspects of sleep: time it takes 

to fall asleep, sleep architecture, restorative function of 

sleep, quality of sleep

7 Questionnaires

Croy et al./ Behavioral Sleep Medicine, 00:1–17, 2016



Questionnaires vs objective measurements

8 Questionnaires vs objective measurements

Croy et al../ Behavioral Sleep Medicine, 00:1–17, 2016

“Although most of the night is spent in an 

unconscious state, subjects were not only 

able to differentiate between nights with 

and without noise, but also between nights 

with low and high degrees of traffic noise 

exposure. Hence, if these findings extend to the 

field, morning questionnaires, although prone to 

manipulation, may be a very cost-effective way 

for the investigation of traffic noise effects on 

sleep.” Basner et al. / SLEEP, Vol. 34, No. 1, 2011



Laboratory vs field studies
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Pearsons et al../ J. Acoust. Soc. Am., Vol. 97, No.1 January 1995

A. Skånberg, E. Öhrström / Journal of Sound and Vibration 290 (2006) 3–16

http://medicine.gu.se/english/phcm/occup_enviro/research/Sound_Environment_and_Health/the-sound-environment-laboratory



Habituation

“A significant habituation effect was found for cortical 

arousals across study nights, and for both cortical 

and cardiac arousals within the same study 

night.”
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Basner et al. / SLEEP, Vol. 34, No.1, 2011

Griefahn et al. /  SLEEP, Vol. 31, No. 4, 2008

Potential reasons for cortical arousal habituation:

 decrease in importance of noise events (sleep 

homeostasis & energy conservation)

 increased arousal thresholds due to noise-induced sleep 

fragmentation in previous nights

Can explain why degree of sleep disturbance in field 

studies usually much lower than in laboratory

Potential reason for cardiac arousal habituation not

taking place across nights:

hierarchal nature of arousal response

Demonstrates the potential relevance of cardiac arousals 

to long-term cardiovascular consequences of noise-

induced sleep disturbance



Modifiers / moderators

 acoustic factors (e.g. SPL, SPL  above background, SPL 

rise time, duration of noise event), energy in high 

frequency ranges ( 4kHz), vibration)

 significance of noise for sleeper

 situational factors (e.g. elapsed sleep time, current sleep 

stage, …)

 personal factors (e.g. sex, age, noise sensitivity)

 inter-individual differences

11 Modifiers / moderators

McGuire et al../ SLEEP, Vol. 39, No. 5, 2016

Elmenhorst et al. / Science of the Total Environment 424 (2012) 48–56

Basner et al. / SLEEP, Vol. 34, No.1, 2011



Influence of vibration
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Smith et al../ J. Acoust. Soc. Am. 141 (5), May 2017



Inter-individual differences
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McGuire et al../ SLEEP, Vol. 39, No. 5, 2016



Road

14 Road

de Kluizenaar et al./ J. Acoust. Soc. Am., Vol. 126, No. 2, August 2009

Aasvang et al../ J. Acoust. Soc. Am., Vol. 129, No. 6, June 2011



Rail
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Elmenhorst et al. / Science of the Total Environment 424 (2012) 48–56

Lercher.et al. / Noise Health 2010;12:110-9



Aircraft
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Perron et al./  Noise Health 2012;14:58-67

Basner et al. / J. Acoust. Soc. Am., Vol. 119, No. 5, May 2006

http://www.laermstudie.de/aktuelles/news/



Impact of interventions
road tunnel Göteborg city, Sweden
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Öhrström / Journal of Sound and Vibration 276 (2004) 713–727



Impact of interventions
NOise-Related Annoyance, cognition, and Health (NORAH)

“The results of the sleep study show that with the initiation of the 

night flight ban […] the frequency of awakenings associated 

with aircraft noise decreased on average from 2.0 per night in 

2011 to 0.8 per night in 2012. Thus, an important objective of 

the night flight ban has been reached.”

“The subjective experience of sleep worsened statistically 

significantly from 2011 to 2013 by 5% and 11%, respectively, 

despite the introduction of the night flight ban, regardless of 

the aircraft noise exposure.”
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Müller / Internoise 2016



Opportunities & challenges

 we have good-quality evidence to underpin risk 

assessments and inform decision-making

but most studies to date carried out on healthy 

subjects 

 we need more evidence on sleep disturbance in population 

groups at higher risk (children, elderly, shift workers, people 

with pre-existing chronic diseases or sleep disorders) 

 we need a better understanding of the link between acute 

arousals/awakenings and long term health conditions to 

inform noise interventions

19 Opportunities & challenges


