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Abstract:

BACKGROUND: Many individuals complain of disturbed sleep during the wintertime when their air
conditioner (AC) is off. Therefore, we conducted this study to objectively assess the impact of AC
sound on sleep latency, sleep duration, and sleep efficiency.

METHODS: An experimental study was conducted on 48 healthy young adults, in their homes, to
assess the effect of a standardized AC white noise, on sleep latency, duration, and efficiency, while
simultaneously monitoring light intensity and room temperature. The study was conducted during
the winter months. Sleep quality was objectively assessed using sleep actigraphy. Participants were
monitored for two nights, during which two different, randomized sets of conditions were used: During
one of the nights, the adults were exposed to 43 dB AC white noise; during the other night, adults
were not exposed to the AC white noise.

RESULTS: Actigraphy results showed that the mean sleep duration during the AC sound nights
(ASNs) was 466.8 + 60.8 min, compared to 478.8 + 55.4 min during the non-AC sound nights
(NASNSs) (P=0.6). Sleep-onset latency was 10.8 = 15.2 min and 15.1 + 18.2 min during the ASNs and
the NASNSs, respectively (P=0.8). Moreover, there was no difference in sleep efficiency, 81% + 7.8%
vs. 78.8% + 15.4% in the ASNs and NASNSs, respectively (P = 0.9).

CONCLUSION: AC sound had no significant positive effect on sleep duration, latency, and
efficiency.
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leep is a physiological state that is magnetic resonance imaging and

necessary for living organisms to recover
normally. Normal sleep promotes health,!
by serving several different functions, such as
clearance of metabolic waste products, neural
maturation, learning, memory consolidation,
restorative processes, and repair and growth
throughout the brain and body.**!

Noise can have both auditory and
extra-auditory health effects, which can
alter sleep. Portas et al. using functional
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electroencephalography showed bilateral
auditory, parietal, and frontal cortical
enhancement, during both wakefulness
and sleep when subjects were exposed to
auditory stimuli.!

Sleep is sensitive to several environmental
factors that can reduce sleep quality and
length. Ambient noise is an external
stimulus that is still processed by humans’
sensory functions during sleep.! Although
sensitivity to noise decreases during sleep,
ithas been shown that humans still respond
to noise stimulation during sleep.”! In
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addition, the current data show that subjects do not
adapt to these changes following long exposure times.!

White noise is a random signal having equal intensity
at different frequencies. White noise makes hearing
threshold level reaching its maximum rate, which means
that in the presence of such sounds in the background
of the environment, the more intense auditory stimuli
are less capable of stimulating the cerebral cortex during
sleep.l! Overall, masking ambient noise with white noise
has been proposed to improve sleep quality. A study
conducted on guinea pigs showed that deaf guinea
pigs presented an increase in both slow-wave sleep and
rapid eye movement (REM) sleep compared to controls,
thus showing that the auditory system modulates
central nervous system structures that are involved
in the sleep-wake cycle.”) Healthy subjects who wore
earplugs to reduce perceived simulated Intensive Care
Unit (ICU) noise showed a significant decrease in REM
sleep latency, increase in the percentage of REM sleep,
and reduced arousal.!

It has been proposed that white noise auditory
masking (defined as decreased audibility of background
noise due to the presence of white noise) occurs because
white noise decreases the difference between the
background noise sound level and the disturbing signal
sound level, which in turn reduces the bilateral auditory
evoked response to the disturbing signal and increases the
subjective arousal threshold.”!!I There are two plausible
hypotheses to why white noise reduces sleep disruption.
First, white noise may influence the arousal threshold
by making it greater than the total increase in sound
level. Second, white noise may reduce the difference
between the background noise level and the disturbing
signal noise level, leading to the improvement of sleep
consolidation and a decline in sleep arousal, despite an
elevation in the mean baseline level of sound, in addition
to the white noise sound level.'”? However, the current
data have reported conflicting results regarding the
effects of white noise on sleep quality.[' 131!

In hot climate countries, many people complain of
disturbed sleep during the wintertime when they
are not using their air conditioner (AC). A previous
survey conducted by the National Sleep Foundation
revealed that 5% of the American population uses sound
generators such as fans, air puriﬁers, vacuum cleaners,
and broadband noise (e.g., white noise) devices in their
rooms to mask ambient noise and promote sleep.!"” It
is thought that AC and other devices sound may act as
white noise and hence help improve sleep quality.!'”!

No study has objectively assessed the impact of
AC sound on sleep parameters. Although the exact
mechanisms are misunderstood, the studies mentioned

above suggest that there is a relationship between noise
and sleep. We hypothesize that the AC sound, which
acts as white noise, will reduce sleep latency, increase
sleep duration, and improve sleep efficiency. Therefore,
this study attempts to better understand this relationship
by assessing the effect of a standard monotonous AC
sound on sleep latency, duration, bouts, and efficiency in
healthy young adults using actigraphy while controlling
for light intensity and room temperature.

Subjects and Methods

Subjects

This case-crossover study was conducted on a
nonrandom sample of 48 healthy young adults (aged
18-25 years). Participants were recruited through
advertisements placed on bulletin boards in the
university. The sample size was calculated using the
following formula: n = Z-score? x StdDev?/m?, where
N is the required sample size, Z-score is the confidence
level at 95% (1.96), StdDev is the standard deviation
of the quantitative output (from an earlier published
paper studying the effect of ICU noise, considered, white
noise, on sleep),™ and m is the margin of error (the used
value is 10%)."8 The calculated sample size was 45. All
participants were interviewed by the researchers, who
excluded those with sleep disorders, circadian rhythm
problems, psychiatric disorders, and hearing problems,
those taking sleep promoting or altering medications,
those who were smokers, those who were obese (body
mass index >30 kg/m?), and those who were living in
a noisy environment. Based on previous studies, the
annoyance by outdoor and indoor noise sources was
determined by the question, “Thinking about the last
12 months, when you are at home, how much would
you say noise from the following sources (road noise,
neighbor flat noise, parking noise, airplane noise,
commercial noise, and train noise) bothers or annoys
you?”#611 The strength of noise annoyance was rated
by the five-step International Commission on Biological
Effects of Noise scale of none, slight, moderate, strong,
and too extreme.*"! Those who scored “none” or
“slight” were included in the study. In addition,
individuals who co-sleep in the same bed or room with
another individual or those who attend and take care of
others (e.g., parents or children) were excluded. Work
and university classes” schedules for the participants
were not different during the study days.

The project was approved by the ethics committee in our
institute, and informed consent was obtained.

The study took place in Riyadh city in the subjects’
houses, in 2016 and 2017 during December, January, and
February. The average maximum temperature during
these months was between 20°C and 22.0°C.*"!
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Sleep measurements

Sleep latency, duration, and efficiency were measured
using an actigraph (Actiwatch® L) (a noninvasive
small actigraph unit in a wristwatch-like package)
(Philips/Respironics, Inc., Murrysville, PA, USA).l2!
Actigraphy is a noninvasive method that continuously
monitors activity or movement, using a small device
known as an actigraph. These medical devices are often
used in clinical practice to monitor sleep disorders,
especially circadian rhythm disorders, insomnia, and
conditions that cause prolonged sleep and excessive
daytime sleepiness. These devices are also used in
research to study sleep conditions.”" Periods of movement
likely correspond to wakefulness, while those of relative
stillness likely correspond to sleep or quiescence. This
device is also able to record events, such as sleep or wake
times. Multiple published studies have demonstrated the
validity and accuracy of wrist actigraphy in detecting
sleep latency, duration, and timing.!"®!

Subjects wore the actigraph on their nondominant hand
for three consecutive nights. No data were lost.

Measured sleep parameters

These are the definitions of the sleep parameters

measured by actigraphy:*!

* Nocturnal sleep duration: The sum of all the minutes
scored as sleep from the overall time in bed

¢ Sleep latency: The time required for sleep onset after
the intent to sleep has been initiated

* Sleep efficiency: The percentage of time spent in bed
sleeping. The scored total sleep time is divided by
total time in bed and then multiplied by 100

e Wake after sleep onset (WASO): Time spent awake in
bed after the first nocturnal sleep onset. This period
reflects sleep fragmentation and poor sleep quality

* Sleeping bout: The total number of continuous blocks
in an interval where the activity within the epoch
was within the sleep threshold and therefore scored
as “sleep”

* Number of nocturnal sleeping bouts: The number
of nocturnal sleeping bouts during time in bed. The
higher the number, the more fragmented the sleep

* Average duration of nocturnal sleeping bouts:
Average duration of nocturnal sleeping bouts during
time in bed. A higher duration indicates longer
sleeping bouts, which means less nocturnal sleeping
disturbances.

Study protocol

Before commencing the study (1 week of December 2017),
a pilot study was conducted on five young adults to
assess the effect of AC sound on their sleep latency,
duration, and efficiency. Data were collected by the
research team using actigraphy and a self-administered
customized sleep diary.

Annals of Thoracic Medicine - Volume 14, Issue 1, January-March 2019

The first night was used to let the subjects adapt to
the device, AC white noise, and study protocol and to
eliminate the first-night effect.” The first-night data
were therefore not included in the analysis. The adults
were then monitored for two consecutive nights; during
one of the nights, the AC noise (white noise) was on, and
during the other night, the AC noise was off. AC sound
was randomly assigned to either night. The participants
were instructed to maintain a regular sleep /wake pattern
for 1 week before starting the study and to maintain that
during the study.

To produce the AC white noise, the “White Noise Pro”
(TMSOFT, LLC.) phone application was used. This
phone application generated a recorded residential
air conditioning (HVAC) sound, which was set
to 43 dB (which is the average sound intensity off
measured AC sounds).”! The phone was placed 1 m
away from the subject. As with AC, the sound cycles
on and off.

The data were read and analyzed using actigraphy
associated software (Philips Respironics).

Participants were asked to keep a self-administered
sleep diary during both experimental days to record
their presleep daily routine before going to bed and
their sleep pattern from the previous night., The sleep
diary consisted of three sections: (1) general information
section to assess sleep hygiene; (2) presleep section
including questions assessing the use of sleep-promoting
and sleep-altering medications, naps, daytime sleepiness,
stimulants, bedtime routine, and sleep disturbance
factors; and (3) postsleep section including questions
assessing sleep onset, sleep duration, in-bed and
out-of-bed times, sleep maintenance, sleep disturbance
factors, and attitude toward the AC sound. The
completion rate of the sleep diary was 100%.

To control for other factors that may influence the
measured sleep parameters, the participants were asked
to turn their lights and ACs off and light intensity was
measured using an actiwatch light model.’! The room
temperature range was measured using an Elitech DT-3
thermometer (Elitech In., NJ, USA).

Statistical analysis

Numeric data are expressed as mean + StdDev,
while categorical data are expressed as numbers
and percentages. For group comparisons, we used
paired-sample t-tests for numerical variables if the
normality assumptions were met; if not, we used Wilcoxon
tests. For categorical variables, we used Chi-square
tests. Statistical Package for the Social Sciences (SPSS),
IBM version 23 (SPSS Inc., Chicago, IL, USA) software
was used for data analysis and management.
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Results

Demographic characteristics

Table 1 presents the demographic characteristics of
the participants. The mean age of the participants
was 21 + 1.9 years, and 58.3% of the subjects (n = 28)
were females. Before the beginning of this study,
approximately 29.2% (n = 14) of the participants believed
that AC sound helps them to sleep; the remaining
70.8% (n = 34) believed that AC sound does not affect
their sleep. The participants subjectively reported the
quality of their sleep before the experiment, which
ranged from very good (39.6% of participants), to fairly
good (52.1%), to bad (8.3%).

Sleep diary data

Table 2 shows the presleep routine during the AC sound
nights (ASNs) and the non-AC sound nights (NASNSs).
A total of 91.7% (n = 44) used electronics before
going to sleep, and the average room temperature
was 21.5°C (19.8°C-23.2°C) during ASNs and
21.9°C (20.3°C-23.3°C) during NASNs. There was no
significant difference between the duration of daytime
naps before ASNs and NASNs. During ASNs, 77.1%
of participants reported waking up once or more, of
which 50% detailed that the wake duration lasted less
than 5 min. On the contrary, during NASNSs, 41.7% of
participants reported waking up once or more, of which
20.8% detailed that the wake duration lasted less than
5 min.

Actigraphy data

The results of the actigraphy are shown in Table 3. The
mean sleep duration was not significantly different
between ASNs and NASNs (P = 0.7), with a mean of
466.8 + 60.8 min for ASNs and 478.8 + 55.4 min for NASNSs.
In addition, the sleep-onset latency was not significantly
different between ASNs and NASNs (P = 0.8), with a
mean of 10.8 + 15.2 min for ASNs and 15.1 + 18.2 min
for NASN:Ss. Sleep efficiency was 81% =+ 7.8% for ASNs
and 78.8% + 15.4% for NASNs (P = 0.9). WASO was
69.3 = 32.9 min for ASNs and 67.1 + 40.5 min for
NASNs (P = 0.6). The number of sleep bouts was
significantly higher (30.4 + 12.9 vs. 25 + 12.2, P = 0.006)
and the average duration of sleep bouts was significantly
lower (19.9 +33.9 min vs. 22.8 +41.9 min, P = 0.03) during
ASNs compared to during NASNs, which indicates that
sleep quality was lower during ASNs.

Discussion

The present study is the first study that objectively
measured the effect of AC sound on sleep, in healthy
young adults, while controlling for other factors that
could affect sleep such as room temperature and light
intensity. In contrast to our hypothesis and to one-third of

Table 1: Demographic and general information

Variable total (n=48) Mean=SD/n (%)/median

(25™-75"™ percentile)
21.3x1.9 (21-22)

Age (years)

Gender (male) 20 (41.7)
AC sound helps me to sleep 14 (29.2)
Rate the overall quality of your
sleep is?
Very good 19 (39.6)
Fairly good 25 (52.1)
Bad 4 (8.3)
AC=Air conditioner, SD=Standard deviation
Table 2: Presleep questionnaire
Variable total (n=48) Mean=SD/n (%) P
ASN NASN
Did you take a nap today? (no) 42 (87.5) 43 (89.6) 1.0
Nap duration (min) 190+118 174+44.5 0.4
Did you use electronics before 44 (91.7) 44 (91.7) 1.0

bedtime? (yes)

AC=Air conditioner, ASN=AC sound night, NASN=Non-AC sound night,
SD=Standard deviation

Table 3: Actigraphy sleep data measured during
air conditioner sound nights and non-AC sound
nights

Variable total (n=48) Mean=SD/n (%) P
ASN NASN
Nocturnal sleep duration (min) 466.8+60.8 478.8+55.4 0.6

10.8+15.2
81+7.8
69.3+32.9
30.4+12.9
19.9+33.9

15.1+18.2 0.8
78.7+15.4 0.9
67.1+40.5 0.6
25+12.2  0.006
22.8+41.9 0.03

Sleep latency (min)
Sleep efficiency (%)
WASO (min)

Number of sleep bouts
Average duration of sleep
bouts (min)

WASO=Wake after sleep onset, AC=Air conditioner, ASN=AC sound night,
NASN=Non-AC sound night, SD=Standard deviation

participants’ beliefs, the results indicated that AC sound
had no significant effect on sleep latency, duration, and
efficiency. Objective actigraphy measurements of sleep
latency, efficiency, and duration were approximately the
same for both nights. In fact, the number of sleep bouts
and the average duration of sleep bouts indicated that
sleep quality was better during NASNSs. These results
oppose the general public’'s common belief that AC
sound improves sleep.['”]

Sleep is a sensitive process, which can be disturbed
by environmental and external cues,*! such as the
characteristics of the sleep environment, including
noise, light, and ambient temperature. Multiple animal
studies have suggested that sleep disturbance can occur
due to different types of noise. A previous animal study
revealed that continuously exposing rabbits to 78 dB
white noise, a constant noise characterized by an equal
distribution of frequencies, leads to the disruption
of REM sleep, which is an important sleep stage.®!
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In fact, REM sleep episodes” duration and frequency
increased after the white noise was stopped.” However,
previous studies looking at the effect of white noise on
sleep quality have not been consistent. Moreover, most
previous studies that have assessed the effects of white
noise on sleep have not assessed sleep quality objectively
and have used a small sample size.

Our results are in line with those from two studies
that assessed sleep quality objectively and reported
no improvement in sleep quality during white noise
exposure. In well-designed study, Scott assessed sleep
architecture in eight subjects who were monitored for
eight consecutive nights in a sleep laboratory during
which subjects were exposed to 93 dB white noise or no
noise.™ This study showed that the duration of stages
N1 and N2 of non-REM sleep was increased, while the
duration of REM sleep was decreased, during noise
nights, indicating a decreased quality of sleep during
noise nights. The second study assessed the effects of
white noise on sleep architecture in 12 patients and
revealed that sleep microstructure was negatively
affected by a 45 dB white noise." However, the ambient
noise during the last study never exceeded 27 dB.[™!

On the other hand, some studies have reported beneficial
effects of white noise on sleep. A study that subjected
30 patients, who were recovering from coronary
bypass surgery, to white noise reported that subjective
sleep quality was higher in these patients compared
to 30 matched controls who were not subjected to
white noise.'®! Another small study subjected neonates
to white noise ranging from 67 to 72.5 dB."J The
investigators reported that 80% of neonates fell asleep
within 5 min after white noise administration, compared
to only 25% of controls.* However, both studies did not
objectively assess sleep parameters and sleep quality,
thus implying that it is difficult to accurately interpret
their results. A recent study assessed the effects of normal
environmental noise (40.1 dB) compared to broadband
sound administration, uniformly distributed in the room
by two speakers (46.0 dB), on sleep quality in 18 subjects.!"!
Sleep architecture was monitored via two overnight sleep
studies which took place approximately 1 week apart.
Broadband sound administration significantly reduced
sleep-onset latency by 38%, compared to normal
environmental noise.''! Nevertheless, the beneficial effect
of broadband sound administration on sleep-onset latency
was not seen in sleep architecture. In fact, broadband sound
administration seemed to provoke a mild reduction of
REM sleep and mild increase of stage N2 sleep (P = 0.06),
which suggests that broadband sound administration
could potentially lead to a decline in sleep quality.

The discrepancies found between the studies mentioned
above might be explained by the fact that some of
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these studies did not use objective tests to assess sleep
duration and quality. In addition, different studies used
different sound pressures. Therefore, it is possible that a
higher sound pressure and perhaps a higher perceived
noise intensity might have detrimental effects on sleep
architecture and sleep quality. Another plausible
explanation is that the distribution of noise sounds
and the distance of the sound source from subjects was
different in each study."! For example, in the study by
Messineo et al., the filtered noise was homogeneously
diffused in the room (not localized), and it had been
customized with specific features to fit the room
acoustics."! In our study, however, we tried to simulate
an AC sound meaning that the source of the sound was
fixed only on one side.

One of the strengths of this study is that objective
measures were used to assess sleep parameters. In
addition, we monitored other factors that may also
affect the measured sleep parameters, such as room
temperature, light intensity, and naps, to make sure that
these factors did not change during both experimental
nights. Nevertheless, the study has a few limitations that
need to be addressed. First, our study sample was only
composed of young adults, meaning that these results
cannot be extrapolated to other age groups since sleep
perception and sleep quality change with age.***! Future
studies should assess the effect of AC sound on different
age groups and patients with sleep disorders such as
insomnia. Second, although clear instructions were given
to the participants on how to reduce background noises
at home during the experimental period, background
noises were not objectively monitored. Nevertheless, we
included participants with low background noise. Third,
although actigraphy is an accepted methodology to
investigate sleep /wake cycles, it is less sensitive to assess
awakenings and arousals. Fourth, sleep monitoring
for two nights may not be enough to detect changes in
sleep; therefore, future studies should to monitor sleep
for longer periods.

Conclusion

Our study is the first experimental study that assesses
the effects of AC sound on sleep while monitoring for
changes in light and room temperature. Our results show
no positive effect of AC sound on sleep. Considering
that the world is becoming more urbanized which is
leading to increased usage of ACs in homes, our results
highlight the necessity for further studies to investigate
the detrimental effects that AC sound may have on sleep
and other health aspects.
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