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Abstract 

The transient effects of passing truck noise on sleep stage shift were examined in fifteen 
male students aged 19-21 years old for 7 to 11 non-consecutive nights. Shift percentage for 
proceeding from Stage 2 to shallower stages (Stage 1, waking or movement time) as well as 
that from Stages 3 to 2, Stage 1, waking or movement time were determined. Change in Stage 
REM by noise was examined for shift to other stages. The percentage for shallower stages from 
Stage 2 significantly increased by exposure to 45, 50, 55 and 60 dBA noise compared to the 
non-exposed control, though this was not  observed in Stage REM. The percentage of shift to 
shallower stages from Stage 3 s ignif icandy increased at 50, 55 and 60 dBA noise compared to 
the control. The minimum effective sound level for the percentage of shift to shallower stages 
from Stage 2 by the passing truck noise was less than 45 dBA, while that for the percentage of 
change in Stage REM was greater than 60 dBA and that for the percentage of shift m shallower 
stages from Stage 3 by the noise was between 45 and 50 dBA. Responses to noise exposure in 
Stage REM was less sensitive than in Stage 3. 
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Introduction 

Passing truck noise affects sleep by making it shallower or 
causing awakening, although the type and/or magnitude of noise 
effects may vary depending on peak or equivalent sound level 
(Leq), duration and frequency. Loudness and intermittence of 
noise may cause poorer sleep than low level and continuous noise 
exposure? ) If traffic volume at night is reduced, the all-night 
effect of noise on sleep may become negligible, though a level- 
response relationship between peak sound level and transient 
effects on sleep may continue to be observed. 

Peak level of noise is positively related to a transient increase 
in the amount of delta-wave sleep, but inversely related to the 
decrease in the amount of delta-wave sleep throughout the 
night.2) Rapid eye movement decreases transiently due to 
exposures to noise, although all-night REM may increase. 2~ 
Another discrepancy between the effect of short period and all- 
night noise on sleep has also been observed in the number of 
sleep spindles2 
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The increased threshold of awakening by noise means "not 
being awakened by noise easily" or "not being influenced by stage 
in spite of sound stimulation and the term "deep sleep" derives 
from this finding2 Deep sleep corresponds to Stages 3 and 4. 
However, change in slow wave sleep is limited only to shallower 
stages, though Stage 2 may take on either shallow or deep 
directions. This study was conducted to compare percentages of 
shallow (changed) sleeps in Stages 2, 3, and REM during traffic 
noise exposure. 

The relationship between peak level of passing truck noise 
and change in proceeding to shallower stages was previously 
studied2 '~ Only Stages 2 and REM could be investigated, since 
the sample size was too small to detect change in Stage 3. In the 
present study, the transient effect of noise on sleep stages were 
studied in greater detail. 

Subjects and Methods 

Fifteen healthy male students, 19 or 21 years of age, slept in 
an experimental room for 12 non-consecutive nights with no 
consumption of alcoholic beverages or drugs. Bedtime was about 
11:00 p.m. and the students were awakened by alarm clock at 
7:00 a.m. 

EEG electrodes were placed as stipulated by the international 
10-20 method. An electroencephalogram (EEG) at C3-A2, an 
electromyogram (EMG) over the submental muscle, and left and 
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right electrooculograms (EOG) were recorded using the telemetry 
system of Nihon Kohden Company, Ltd. Sleep stages were 
judged according to the standard atlas of Rechtschaffen and 
Kales7) by which an epoch was defined as 20 seconds. An epoch 
was considered Stage 4 when delta waves constituted 50% or 
more of the epoch. An epoch was Stage 3 when delta waves 
comprised from 20% to less than 50% of the epoch. Stage 2 
epochs were less than 20% delta waves or contained sleep 
spindles. When alpha waves comprised 50% or more of an 
epoch, it was considered as "awake". An epoch was Stage REM 
when rapid eye movements (REMs) was present during low level 
EMG activity. Other stages were Stage 1. If more than half of an 
epoch was disturbed and unable to be read, it was considered 
movement time (MT). 

Data from the first night were not used for analysis. 8'9) The 
experiment was conducted from May to July and October to 
December, 1992, 1993, 1994, and 1995. Road traffic noise was 
recorded at night in the winter of 1990 and passing truck noise of 
20 seconds duration with peak level of 70 dBA served as the 
master tape. Four peak levels of noise were prepared from the 
master tape by turning down the volume to 45, 50, 55, and 60 
dBA with an integrated amplifier (Model AU-D707X, Sansui Co, 
Ltd., Tokyo). 6) Passing truck noise showed 54 dB as maximum at 
2 KHz by octave band analysis. Noise exposure order was 60, 50, 
45, 55, 55, 60, 45 and 50 dBA, with intervals of 15 minutes 
between exposure levels, so that a single cycle lasted for two 
hours. 6) The same cycle was repeated all-night long. Complete 
random exposure thus was not achieved. When subjects could 
predict the time of peak sound levels during sleep, habituation or 
adverse effect of noise on sleep may be accelerated and affect the 
data. It was considered that eight event randomization would not 
produce the above phenomena. When the subjects slept for 
exactly eight hours, they had been exposed to thirty-two (8 5(4) 
noises. The first noise started 15 minutes after going to bed. 
Loud speakers were placed about 1.5 m away from the feet of a 
subject. The peak sound level of truck noise was measured at the 
subject's head. Exposure was continued throughout the night. 
Background sound in the experimental room was Leq 30 dBA. 

The epochs became shallow in Stages 2, 3 and REM and 
were counted and expressed as percentage. The first epoch after 
noise exposure was used to darify the level-response relationship. 5'6) 

Data recording in some cases was terminated due to mechanical 

Fig.2 

I I [ I I I 1 t I I I I I I I I 

1 2 3 4 5 
Mm~t~ A f ~  l q ~  Ea'pomm~ 

Time series of  percentage of shift from Stage 3 to 
shallower stages, Stage 2, Stage 1, waking or movement 
time by exposure to passing truck noise with peak levels 
of 45 ([~, 50(+), 55(~), and 60(/',) dBA (Control 
group: •  Statistical significance of differences within 
epochs was tested against the control group (*p=.05; 
**p=.01). 

problems but all-night datawere obtained for each subject for 
seven to eleven nights. The percentage of shift to shallower stages 
from Stage 2, and from Stage 3 to Stage 2, Stage 1, waking and 
movement time were calculated. Epoch percentage changes in 
Stage REM were also determined. Shallow (changed) epoch 
percentage with no-expost/re for the control were obtained 
starting from the epoch eight minutes after 45 and 50 dBA 
exposure of noise for 18 epochs. As shown in Table 1, the total 
number of noise events in Stage 2 just before noise exposures 
ranged from 590 to 643, in Stage 3 from 52 to 78, and in Stage 
REM from 151 to 222. The control number of events in Stages 
2, 3, and REM were 1158, 134, and 344, respectively. These 
numbers become denominators and numbers of changes to 
shallower stages for each noise event served as numerators to 
calculate shaliow (changed) epoch percentages. 

"Threshold" in the present study was defined as the 
minimum peak noise level causing increase in the percentage of 
change to shallower stages compared with the control with 
background noise of 30 dBA. The difference between the 
percentages of shift to shallower stages in noise events and the 
control were statistically examined by the chi-square test. The 
Cochran-Armitage test was used to assess the linearity of the dose 
(night)-response relationship in epochs immediately after noise 
exposure. SPSS for Windows software (Ver.6.1.3) was mainly 
used in the analysis. 
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Time series of  percentage of  shift from Stage 2 to 
shallower stages, Stage 1, waking or movement time by 
exposure to passing truck noise with four peak 'levels of 
45 ( [~, 50(+), 55(~), and 60(/x) dBA (Control group: 
• Statistical significance of differences within epochs 

was tested against the control group (*p=.05; **p=.O1). 
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Fig.3 Time series of percentage of shift from Stage REM to 
other stages, waking or movement time by exposure to 
passing truck noise with peak levels of 45 ([~, 50(+), 
55(C0, and 60(Ax) dBA (Control group: • Statistical 
significance of  differences within epochs was tested 
against the control group (*p=.05; **p=.01). 
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Results 

Stages immediately after noise exposure were converted to 
binary data according to the criteria for shift to shallower stages. 
The peak sound level was used as the main factor for analysis of  
variance and the subject served as a covariate. Noise effect was 
significant in Stages 2 (p < 0.001), 3 (p < 0.001), and REM (p < 
0.05). Subject effect was not significant in any stage. 

The change in Stage 2 was greatest immediately after noise 
exposure at all peak levels (Fig. 1). Change was peak-level 
dependent and lasted for 1 minute following the noise exposure. 
The percentage of  shift to shallower stages from Stage 2 was 
significant up to 2 minutes after exposure when compared to the 
non-exposed  cont ro l  except  60 dBA at 3 minutes .  The  
percentage of  shift to shallower stages from Stage 3 lasted for 3 
minutes after exposure to 50 and 55 dBA and for 6 minutes to 60 
dBA while no significant change was observed with exposure to 
45 dBA (Fig. 2). Changed epoch percentage from Stage REM, 
compared with control, was not observed at 50, 55, or 60 dBA 
exposure (Fig. 3). Decrease in percentage of  change was observed 
for noise exposure at 45 dBA. 

Percentages of  shift to shallower stages from Stage 2 were 
11.5, 14.6, 15.6 and 22.3 immediately after noise exposure at 45, 
50, 55 and 60 dBA, respectively. Significant linearity with little 
dissociation from the line was indicated by the equation, Y(%) = 
0.666X-18.9 in the Cochran-Armitage test (p < .01). The percentages 
of  shift to shallower stages from Stage 3 were 50.8, 62.8, 60.0 
and 80.8 at 45, 50, 55 and 60 dBA, respectively. Significant linearity 
was shown by Y(%) = 1.660X-23.8 (p<0.01). Percentages of  
change from Stage REM were 2.8, 4.6, 6.8 and 10.2 at 45, 50, 
55 and 60 dBA, respectively and linearity was shown by the 
equation: Y(%) = 0.485X-19.4. (Table 1). 

Constituent elements in Stages 2 and 3 such as slow waves 
and the number of  spindle changes within these stages and Stage 

REM were predominant in the second half of  the all-night sleep. 
Thus, the same analysis was conducted by dividing all-night data 
into halves with 3 AM as the point of  division. The gradient of  
the percentage of  shift to shallower stages from Stage 2 was 
steeper and higher for the noise peak level in the second half of  
the all-night sleep compared to the first half, with Y(%) = 0.431X - 
10.6 and 0.961X-30.3 for the first and second halves, respectively. 
The gradient of  changed epoch percentage of  Stage REM was 
steeper at the noise peak level in the second half of  the all-night 
sleep than the first half, with Y(%) = 0.246X - 6.54, and 0.606X 
-25.8 for the first and second halves, respectively. The percentage 
of shift to shallower stages from Stage 3 observed was also higher 
in the second half of  the all-night sleep than the first half, 
although such change was not significant CY(%) = 1.787X-36.9, 
and 1.126X-26.3 for the first and second halves, respectively) 
(Table 1). 

Habituation to passing truck noise was assessed by separating 
the data collected during the twelve nonconsecutive nights into 
four sets: 2nd to 3rd nights, 4th to 6th nights, 7th to 9th nights 
and 10th to 12th nights (Tables 2 and 3). Decrease in the 
percentage of shift to shallower stages from Stage 2 immediately 
after noise exposure of  50 dBA was significant by the Cochran- 
Armitage test but not significant in the cases immediately after 
noise exposure of  45, 55, and 60 dBA. Decrease in the change of  
stage from Stage REM immediately after noise exposure was 
significant only at 45 dBA. 

D i s c u s s i o n  

Defining "threshold" as peak level causing stage shift to 
shallower stages in this study may be inappropriate, since the 
relationship between peak level and percentage o f  shift to 
shallower stages was essentially linear. In fact, the definition has 
practical meaning for most people sleep under a background 
noise of  30 dBA. However, it may also be inaccurate since it was 

Table 1 Percental~es of shift to shallower sta~es from Stal~es 2, 3, and REM by the passin~ truck noise. 

Peak sound Stage 2 Stage 3 REM Stage 

level Number of All First Second Number of All First Second Number of All First Second 
measured :~ events night half half events night half half events night half half 

Control 1158 5.2 5.2 5.2 134 42.5 37.6 64.0 344 7.6 11.0 6.3 
45 dBA 590 11.5+ 9.1" 13.8+ 67 50.8 44.6 81.8 181 2.8* 5.2 1.6 
50 602 14.6+ 11.2+ 17.7+ 78 62.8* 54.0 78.6 151 4.6 3.1 5.0 
55 643 15.6+ 11.9+ 19.8+ 70 60.0+ 56.3* 100.0 222 6.8 7.6 6.3 
60 609 22.3+ 16.0+ 29.2+ 52 80.8+ 75.7+ 93.3 197 10.2 8.1 11.4 

Note: Chi-square test was applied. 
First hale the first halfofa night (till 3 
:~ A-weighted sound level. *p < .05, +p < .01 

a.m.); second haiti the second halfofa night (after 3 a.m.) 

Table 2 Percentages of shift to shallower stages from Stage 2 
by the passing truck noise shown in quarters. 

Experiment nights 
Peak sound 2 "a and 3 ra 4 'h to 6 'h 7 'h to 9 '8 10 ~h to 12 'h 
level ~ :~ f % f % f % f % 

45dBA 8/96 8.3 21/152 13.8 19/170 11.2 20/172 11.6 
50* 19/95 20.0 28/155 18.1 20/172 11.6 21/180 11.7 
55 20/110 18.2 29/168 17.3 24/181 13.3 27/184 14.7 
60 22/100 22.0 37/161 23.0 43/183 23.5 34/165 20.6 

Note: Cochran-Armitage test was applied. 
f: number of shallow epochs per noise exposure events 
:[: A-weighted sound level. * p<.05 in gradient 

Table 3 Percentages of change to the other stages from Stage 
REM by the passing truck noise shown in quarters. 

Experiment nights 
Peak sound 2 "J and 3 'd 4 'h to 6 'h 7 ~h to 9 '~ 10 'h to 12 ~h 
level measured $ f % f % f % f % 

45dBA* 3/29 10.3 0/45 0 2/53 3.8 0/54 0 
50 2/27 7.4 2/34 5.9 2/46 4.3 1/44 2.3 
55 1/28 3.6 3/64 4.7 8/64 12.5 3/66 4.5 
60 2/32 6.3 8/47 17.0 5/50 10.0 5/68 7.4 

Note : Cochran-Armitage test was applied. 
f: number of shallow epochs per noise exposure events 
:~ A-weighted sound level. * p < .05 in gradient and total 
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determined based only on statistical differences, and consequently 
it could have been under- or over- estimated to some extent. 
More precise estimation may be possible by using a greater number 
of subjects. 

A linear level-response relationship between four noise peak 
levels and shallow epoch percentage from Stages 2, 3 and REM 
was observed. The percentage of shift to shallower stages from 
Stage 2 was significant in peak noise of 45 dBA and over. 
Minimum effective noise in Stage 2 may possibly be less than 45 
dBA, and in Stage 3, between 45 and 50 dBA. 

Based on the level-response relationship between noise peak 
level and percentage of shift to shallower stages is examined, 
control data could not be plotted. Thirty dBA as the background 
level differs from 30 dBA as the noise peak level. Such 
relationship is applicable to only four peak levels. The 
"threshold" is determined by statistical comparison of the 
percentage of shift to shallower stages of control data with that of 
noise peak which, in this study, was highest in Stage REM, 
followed by that in Stage 3 and 2. 

Significant change in the percentage that shifted to shallower 
stages from Stage 2 lasted for 1 to 2 minutes and from Stage 3 for 
3 to 6 minutes, depending on the peak. Thus, when a person 
sleeps in Stage 3 and hears passing truck noise of 60 dBA, sleep 
becomes shallower and will not recover for more than 6 minutes 
theoretically. 

Thiessen examined the relationship between peak level of 
passing sound in dBA and percentage of shift to shallower stages 
and waking ~~ and noted a linear correlation up to 80 dBA. The 
percentage of shift to shallower stages without arousal was 38% at 
50 dBA and 73% at 70 dBA, in both young and old subjects. 
Griefahn established an equation for the level-response 
relationship between sound level and percentage of shift to 
shallower stages. ") However those results cannot be compared 
with the ones obtained in the present study since sleep stage right 
before noise exposure was not specified. 

The percentage of shift to shallower stages from Stage 2 was 
twice the percentage of change in Stage REM. The percentage of 
shift to shallower stages from Stage 2 and changed epoch 
percentage from REM in response to noise exposure of 60 dBA 
were 22.3% and 10.2%, respectively. Stevenson and McKellar 
noted significant correlation between the probability of shift in 
the level of sleep stage and sound leveU 2) The data of six subjects 
showed the probability of stage shift by the exposure of 60 dBA 
to be 20%, which is consistent with the present data. 

The percentage of shift to shallower stages in response to 
noise was less in slow wave sleep compared with Stage 2 or REM 
in the study by Di Nisi et al? 3) However, Bach et al. found that 
the percentage of sleep stage change due to noise exposure is 
higher in Stage 3 than Stage 2 or REM. '4) In such cases, traffic 
noise with peak levels higher than 80 dBA of 5 to 10 seconds 
duration made sleep stage change from Stage 2 at 10%, Stage 3 at 
20% and Stage REM at 5%. The same was also noted here in this 
study, and the percentage of shift to shallower stages from Stage 3 
was nearly 4 times that of Stage 2. The percentage of shift to 
shallower stages from Stage 3 in response to noise exposure of 60 
dBA was 75.7% in the first half and that increased in the second 

half. The fact that the arousal effect by exposure to noise impedes 
slow wave sleep maintenance and results in sleep stage change, '5) 
can partially explain this. 

Eberhardt and Akselsson recommended to divide Stage 2 
into three sub-stages because it constitutes about 50 % of all- 
night sleep and contains drowsy and slow wave sleeps. 16) All- 
night sleep data were halved in this study and percentage of shift 
to shallower stages from Stage 2 was determined for each half. 
Eberhardt and Akselsson did the same because Stage 2 with delta 
waves of less than 20% per epoch are predominant in the first 
half of sleep, and no delta wave is predominant in the second 
half. The percentage of shift to shallower stages from Stage 2 was 
less in the first half of the night. This could not be explained by 
the amount of slow wave component, as in the case of Stage 3 of 
this study. Stage REM frequently appeared and was stable in the 
second half of the night. There was no change in this component 
in Stage REM, and thus the percentages in both the first and 
second half of the night were the same. 

In the study by Di Nisi et al., ~7~ there was no habituation to 
noise exposure during sleeping. However, stage shift from Stage 
REM at 45 dBA and the percentage of shift to shallower stages 
from Stage 2 at 50 dBA (p < 0.05) were noted in this study. The 
interval of noise exposure was 15 minutes and one cycle consisted 
of eight exposures, requiring two hours. Intervals between stimuli 
were constant, though the sound level was varied. Since a 
significant level is not high enough and coherence with noise 
peak level is not clear, this result should be interpreted with 
caution. 

Habituation during a single night was difficult to evaluate 
here due to change in the characteristics of Stage 2 which showed 
a slow wave component in the first half and disappeared in the 
most part of the second half of the night. In addition, stage 3 was 
predominant in the first half and the number of sampling times 
was insufficient in the second half. Furthermore, stage REM was 
predominant in the second half and the number of sampling 
times was insufficient in the first half. 

Condusion 
The transient effects of passing truck noise on stages 2, REM 

and 3 were examined. The following results were obtained: 
1) The percentage for shallower stages from Stage 2 significantly 

increased by exposure to 45, 50, 55 and 60 dBA noise 
compared to the non-exposed control. 

2) The percentage of shift to shallower stages from Stage 3 
significantly increased at 50, 55 and 60 dBA noise compared 
to the control. 

3) The minimum effective sound level for the percentage of 
change in Stage REM was greater than 60 dBA. 

4) Responses to noise exposure in Stage REM was less sensitive 
than in Stage 3. 
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