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Sound and Light Levels Are Similarly Disruptive in ICU and non-ICU Wards
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BACKGROUND: Hospitalized patients frequently report
poor sleep, partly due to the inpatient environment. In-hos-
pital sound and light levels are not well described on non-in-
tensive care unit (non-ICU) wards. Although non-ICU wards
may have lower average and peak noise levels, sound lev-
el changes (SLCs), which are important in disrupting sleep,
may still be a substantial problem.

OBJECTIVE: To compare ambient sound and light levels, in-
cluding SLCs, in ICU and non-ICU environments.

DESIGN: Observational study.
SETTING: Tertiary-care hospital.

MEASUREMENTS: Sound measurements of 0.5 Hz were
analyzed to provide average hourly sound levels, sound
peaks, and SLCs >17.5 decibels (dB). For light data, mea-
surements taken at 2-minute intervals provided average and
maximum light levels.

RESULTS: The ICU rooms were louder than non-ICU wards;
hourly averages ranged from 56.1 + 1.3 dB t0 60.3 + 1.7 dB
in the ICU, 47.3 £ 3.7 dB to 55.1 = 3.7 dB on the telemetry
floor, and 44.6 + 2.1 dB to 53.7 + 3.6 dB on the general ward.
However, SLCs > 17.5 dB were not statistically different (ICU,
203.9 + 28.8 times; non-ICU, 270.9 + 39.5; P = 0.11). In both
ICU and non-ICU wards, average daytime light levels were
<250 lux, and peak light levels occurred in the afternoon and
early evening.

CONCLUSIONS: Quieter, non-ICU wards have as many
SLCs as ICUs do, which has implications for quality improve-
ment measurements. Efforts to further reduce average noise
levels might be counterproductive. Light levels in the hospital
(ICU and non-ICU) may not be optimal for maintenance of a
normal circadian rhythm for most people. Journal of Hospital
Medicine 2017;12:798-804. Published online first September
6, 2017. © 2017 Society of Hospital Medicine

The hospital environment fails to promote adequate sleep
for acutely or critically ill patients. Intensive care units
(ICUs) have received the most scrutiny, because critical-
ly ill patients suffer from severely fragmented sleep as well
as a lack of deeper, more restorative sleep.!* ICU survivors
frequently cite sleep deprivation, contributed to by ambient
noise, as a major stressor while receiving care.>® Important-
ly, efforts to modify the ICU environment to promote sleep
have been associated with reductions in delirium.”® How-
ever, sleep deprivation and delirium in the hospital are not
limited to ICU patients.

Sleep in the non-1CU setting is also notoriously poor, with
50%-80% of patients reporting sleep as “unsound” or other-
wise subjectively poor.”!! Additionally, patients frequently
ask for and/or receive pharmacological sleeping aids'? de-
spite little evidence of efficacy” and increasing evidence of
harm.!* Here too, efforts to improve sleep seems to attenuate
risk of delirium,” which remains a substantial problem on
general wards, with incidence reported as high as 20%-30%.
The reasons for poor sleep in the hospital are multifactorial,
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but data suggest that the inpatient environment, including
noise and light levels, which are measurable and modifiable
entities, contribute significantly to the problem.!¢

The World Health Organization (WHQO) recommends that
nighttime baseline noise levels do not exceed 30 decibels (dB)
and that nighttime noise peaks (ie, loud noises) do not exceed
40 dB'"; most studies suggest that ICU and general ward rooms
are above this range on average.!®!® Others have also demon-
strated an association between loud noises and patients’ subjec-
tive perception of poor sleep.!® However, when considering
clinically important noise, peak and average noise levels may
not be the key factor in causing arousals from sleep. Buxton and
colleagues®™ found that noise quality affects arousal probabili-
ty; for example, electronic alarms and conversational noise are
more likely to cause awakenings compared with the opening or
closing of doors and ice machines. Importantly, peak and aver-
age noise levels may also matter less for sleep than do sound lev-
el changes (SLCs), which are defined as the difference between
background/baseline noise and peak noise. Using healthy sub-
jects exposed to simulated ICU noise, Stanchina et al.! found
that SLCs >17.5 dB were more likely to cause polysomnograph-
ic arousals from sleep regardless of peak noise level. This sound
pressure change of approximately 20 dB would be perceived as
4 times louder, or, as an example, would be the difference be-
tween normal conversation between 2 people (~40 dB) that is
then interrupted by the start of a vacuum cleaner (~60 dB). To
our knowledge, no other studies have closely examined SLCs in
different hospital environments.

Ambient light also likely affects sleep quality in the hos-
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FIG 1. Sound-level findings. (A,B) Sample recordings overnight in 1 ICU and 1 non-ICU room. Plotted raw data points over the nighttime from the ICU (A) and a non-
ICU floor (B); SLCs greater than 17.5 dB (red circles) occurred 76 times overnight in the ICU room (green) and 99 times in the non-ICU room (purple), despite a lower
baseline sound level in the non-ICU room. (C) Hourly sound-level averages over 24 hours. Average ICU sound levels (+SE) remained higher throughout the day and
night than both non-ICU floors (general ward and telemetry). The dashed line represents World Health Organization recommendation for baseline noise levels during
the nighttime (30 dB). Asterisks above the green line represent statistical significance from a one-way ANOVA calculation between all 3 floors while asterisks above the
orange line represent statistical significance from T-test calculation between the general ward and telemetry floor. Shaded area with moon symbol depicting nighttime
hours. (D) Sound peak data. The ICU had statistically more average sound peaks during the daytime and nighttime for sound levels >65 dB, =70 dB, and >80 dB.

(E) SLCs = 17.5 dB. On average over the 24-hour day, SLCs greater than or equal to 17.5 dB occurred 203.9 + 28.8 times on the ICU and 270.9 + 39.5 times on

the non-ICU floors, while nighttime values were 73.7 + 11.3 times in the ICU and 62.6 + 8.4 times on non-ICU floors; no statistical difference was found during either
epoch.

NOTE: ** = P< .001; ** = P< .01; * = P < .05. Abbreviations: ANOVA, analysis of variance; dB, decibel; ICU, intensive care unit; SLC, sound level change.

pital. The circadian thythm system, which controls the hu-
man sleep—-wake cycle as well as multiple other physiologic
functions, depends on ambient light as the primary external
factor for regulating the internal clock.?*? Insufficient and
inappropriately timed light exposure can desynchronize the
biological clock, thereby negatively affecting sleep quali-
ty.24® Conversely, patients exposed to early-morning bright

light may sleep better while in the hospital.!® In addition to
sleep patterns, ambient light affects other aspects of patient
care; for example, lower light levels in the hospital have
recently been associated with higher levels of fatigue and
mood disturbance.?

A growing body of data has investigated the ambient envi-
ronment in the ICU, but fewer studies have focused on sound
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and light analysis in other inpatient areas such as the gener-
al ward and telemetry floors. We examined sound and light
levels in the ICU and non-ICU environment, hypothesizing
that average sound levels would be higher in the ICU than on
non-ICU floors but that the number of SLCs >17.5 dB would
be similar. Additionally, we expected that average light levels
would be higher in the ICU than on non-ICU floors.

METHODS

This was an observational study of the sound and light en-
vironment in the inpatient setting. Per our Institutional
Review Board, no consent was required. Battery-operated
sound-level (SDL600, Extech Instruments, Nashua, NH)
and light-level (SDL400, Extech Instruments, Nashua, NH)
meters were placed in 24 patient rooms in our tertiary-care
adult hospital in La Jolla, CA. Recordings were obtained in
randomly selected, single-patient occupied rooms that were
from 3 different hospital units and included 8 general ward
rooms, 8 telemetry floor rooms, and 8 ICU rooms. We re-
corded for approximately 24-72 hours. Depending on the
geographic layout of the room, meters were placed as close
to the head of the patient’s bed as possible and were gener-
ally not placed farther than 2 meters away from the patient’s
head of bed; all rooms contained a window.

Sound Measurements

Sound meters measured ambient noise in dB every 2 seconds
and were set for A-weighted frequency measurements. We
averaged individual data points to obtain hourly averages
for ICU and non-ICU rooms. For hourly sound averages, we
further separated the data to compare the general ward te-
lemetry floors (both non-ICU), the latter of which has more
patient monitoring and a lower nurse-to-patient ratio com-
pared with the general ward floor.

Data from ICU versus non-ICU rooms were analyzed for
the number of sound peaks throughout the 24-hour day and
for sound peak over the nighttime, defined as the number of
times sound levels exceeded 65 dB, 70 dB, or 80 dB, which
were averaged over 24 hours and over the nighttime (10 PM
to 6 AM). We also calculated the number of average SLCs
>17.5 dB observed over 24 hours and over the nighttime.

Light Measurements

Light meters measured luminescence in lux at a frequency of
120 seconds. We averaged individual data points to obtain
hourly averages for ICU and non-ICU rooms. In addition to
hourly averages, light-level data were analyzed for maximum
levels throughout the day and night.

Statistical Analysis

Hourly sound-level averages between the 3 floors were eval-
uated using a 1-way analysis of variance (ANOVA); sound
averages from the general ward and telemetry floor were also
compared at each hour using a Student t test. Light-level
data, sound-level peak data, as well as SLC data were also
evaluated using a Student t test.

RESULTS

Sound Measurements

Examples of the raw data distribution for individual sound
recordings in an ICU and non-ICU room are shown in
Figure 1A and 1B. Sound-level analysis with specific aver-
age values and significance levels between ICU and non-
ICU rooms (with non-ICU rooms further divided between
telemetry and general ward floors for purposes of hourly av-
erages) are shown in Table 1. The average hourly values in
all 3 locations were always above the 30-35 dB level (night-
time and daytime, respectively) recommended by the WHO
(Figure 1C). A 1-way ANOVA analysis revealed significant
differences between the 3 floors at all time points except for
10 AM. An analysis of the means at each time point be-
tween the telemetry floor and the general ward floor showed
that the telemetry floor had significantly higher sound aver-
ages compared with the general ward floor at 10 PM, 11 PM,
and 12 AM. Sound levels dropped during the nighttime on
both non-ICU wards but remained fairly constant through-
out the day and night in the ICU.

Peak sound-level analysis in ICU versus non-ICU
floors (Figure 1D) revealed that the ICU consistently had
more sound peaks >65 dB, >70 dB, and >80 dB than non-
ICU floors both over the 24-hour day and at nighttime
(see Table 2 for averages and significance levels).

Importantly, despite average and peak sound levels show-
ing that the ICU environment is louder overall, there were
an equivalent number of SLCs > 17.5 dB in the ICU and
on non-ICU floors. The number of SLCs > 17.5 dB is not
statistically different when comparing ICU and non-ICU
rooms either averaged over 24 hours or averaged over the
nighttime (Figure 1E).

Light Measurements

Examples of light levels over a 24-hour period in an ICU
and non-ICU room are shown in Figure 2A and 2B, re-
spectively. Maximum average light levels (reported here as
average value * standard deviation to demonstrate vari-
ability within the data) in the ICU were 169.7 + 127.1
lux and occurred at 1 PM, while maximum average light
levels in the non-ICU rooms were 213.5 + 341.6 lux and
occurred at 5 PM (Figure 2C). Average light levels in the
morning hours remained low and ranged from 15.9 + 12.7
lux to 38.9 + 43.4 lux in the ICU and from 22.3 + 17.5 lux
to 100.7 £ 92.0 lux on the non-ICU floors. The maximum
measured level from any of the recordings was 2530 lux and
occurred in a general ward room in the 5 PM hour. Overall,
light averages remained low, but this particular room had
light levels that were significantly higher than the others.
A t test analysis of the hourly averages revealed only 1 time
point of significant difference between the 2 floors; at 7
AM, the general ward floor had a higher lux level of 49.9
+ 27.5 versus 19.2 + 10.7 in the ICU (P = 0.038). Oth-
erwise, there were no differences between light levels in
ICU rooms versus non-ICU rooms. Evaluation of the data
revealed a substantial amount of variability in light lev-
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TABLE 1. Hourly Sound Averages

Hourly Averages (day) 6 AM 7 AM 8 AM 9 AM 10 AM 11 AM 12 PM 1PM
ICU 58.0+0.8 579+05 60.3+0.6 59.4+1.0 59.0+13 500+14 58.6 0.7 59.3+05
Non-ICU

Telemetry 489+1.2 528+14 54022 54.7+16 551 +1.4 542+1.7 522+19 522+1.2

General Ward 482+09 50.0+1.3 537+13 531 +1.0 515+14 520+1.5 52.7+2.0 522+17
P value (1-way ANOVA) 8.6x10-7 .0002 .0052 .0019 3153 .0051 0124 .0003
P value (t test) .6466 1583 9182 .3971 .0833 .3198 .8572 .9760
Hourly Averages (day) 2PM 3PM 4 PM 5PM 6 PM 7PM 8 PM 9 PM
ICU 59.6+0.8 59.0+1.1 59.2+1.1 59.3+0.8 59.0+0.7 59.4+0.8 58.4+0.6 57.6+0.3
Non-ICU

Telemetry 55.0+22 533+23 520+21 525+26 542 +17 536+15 532+12 51.0+09

General Ward 52016 496+1.2 483+1.2 498 +1.1 512+0.6 509=+1.0 50414 494+05
P value (1-way ANOVA) .0004 .0011 .0001 .0014 .0002 .0001 .0001 2.4x10-8
P value (t test) .2033 1926 1631 3702 1047 .1382 1426 1667
Hourly Averages (night) 10 PM 11 PM 12 AM 1AM 2 AM 3 AM 4 AM 5 AM
ICU 56.9 + 0.6 56.5+0.7 56.9+09 56.5+0.8 56.3+0.7 56.1+05 56.8 +1.1 56.5+0.9
Non-ICU

Telemetry 509+ 1.1 489+0.9 480+1.3 473+1.3 48.0+1.2 481.+£1.3 48.0+1.1 49.0+1.0

General Ward 472+0.7 46.1+0.8 446+0.8 46.4+1.3 465+ 1.6 45.60 + 0.7 46.0+0.9 46.7+1.3
P value (1-way ANOVA) 1.1x10-7 3.54x 10-8 52x10-8 3.3x10-6 9.3x10-6 1.7x10-7 3.9x10-7 4.7x10-6
P value (t test) .0128 0418 .0375 .6162 4570 1228 .1936 1823

NOTE: Raw data averages (+SE) showing sound levels (dB) throughout the day and night. A 1-way ANOVA test was used to compared sound between the ICU and both non-ICU floors (telemetry and general ward) while a Student t test
was used to compare for differences between the telemetry and general ward floor. Abbreviations: ANOVA, analysis of variance; dB, decibels; ICU, intensive care unit.

TABLE 2. Sound Peak Averages

Sound Peak Averages >65 dB >70 dB > 80dB
24 Hours
ICU 5052.9 + 555.5 2060.0 + 280.0 161.4 +41.1
Non-ICU 1973.6 + 301.0 7776 +167.4 60.1+232
P value (t test) .0010 .0053 .0361
Nighttime
ICU 1254.6 +172.2 556.8 + 103.1 53.9 + 147
Non-ICU 326.8 + 54.1 133.2+255 93+46
P value (t test) .0001 .0020 .0221

NOTE: Sound peaks >65 dB, =70 dB, and > 80dB were averaged over the 24-hour day or over the nighttime and compared between both environments using a t test. Abbreviations: dB, decibels; ICU, intensive care unit.

els throughout the daytime hours. Light levels during the
nighttime remained low and were not significantly different
between the 2 groups.

DISCUSSION

To our knowledge, this is the first study to directly compare
the ICU and non-ICU environment for its potential impact
on sleep and circadian alignment. Our study adds to the lit-
erature with several novel findings. First, average sound lev-

els on non-ICU wards are lower than in the ICU. Second,
although quieter on average, SLCs >17.5 dB occurred an
equivalent number of times for both the ICU and non-ICU
wards. Third, average daytime light levels in both the ICU
and non-ICU environment are low. Lastly, peak light lev-
els for both ICU and non-ICU wards occur later in the day
instead of in the morning. All of the above have potential
impact for optimizing the ward environment to better aid in
sleep for patients.
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FIG 2. Light levels in ICU and non-ICU rooms. (A,B) Sample traces of light level over the 24-day in 1 ICU and 1 non-ICU room. Individuals data points were plotted to

show the distribution of light levels throughout the day in an (A) ICU and (B) non-ICU room. Sun symbol indicates the 4-hour period designated as morning (6 AM-10

AM), when bright light levels are important for maintaining circadian rhythm. (C) Average hourly light levels. Average light levels (+SE) varied substantially throughout

the day in both environments but consistently remained below 2500 lux on both floors. A t test showed that both ICU and non-ICU environments were not significantly

different throughout the day except for the 7 AM hour, although this may not be clinically significant.

NOTE: Abbreviation: ICU, intensive care unit.

Sound-Level Findings
Data on sound levels for non-ICU floors are limited but
mostly consistent with our findings; sound averages in our
study ranged from 44.6 to 55.1 dB in non-ICU rooms, while
others report averages ranging from 48 dBY to 63.5 dB,"
although the latter measurement includes rooms occupied
with 4 to 6 patients, which we expect would increase the
noise levels. Others report average noise levels in the ICU
similar to our values, which ranged from 56.1 to 60.3 dB.!8#
Here, we show that average and peak sound levels on non-
ICU wards are consistently lower than in the ICU. How-
ever, sound levels on the general ward and telemetry floors
still remain quite high and potentially disruptive to patients,
with average nighttime sound levels reaching the range of
light outdoor traffic. The sleep environment could play an
even larger role in sleep quality for non-ICU patients, as
they do not typically receive sedation (though pharmaco-
logical sleeping-aid use is quite high, despite the risks)? and
thus may be more sensitive to environmental factors that
impact sleep.

Average and peak sound levels contribute to the ambient
noise experienced by patients but may not be the source of
sleep disruptions. Using polysomnography in healthy sub-

jects exposed to recordings of ICU noise, Stanchina et al.?!
showed that SLCs from baseline and not peak sound lev-
els determined whether a subject was aroused from sleep by
sound. Accordingly, they also found that increasing baseline
sound levels by using white noise reduced the number of
arousals that subjects experienced. To our knowledge, other
studies have not quantified and compared SLCs in the ICU
and non-ICU environments. Our data show that patients
on non-ICU floors experience at least the same number of
SLCs, and thereby the same potential for arousals from sleep,
when compared with ICU patients. The higher baseline lev-
el of noise in the ICU likely explains the relatively lower
number of SLCs when compared with the non-ICU floors.
Although decreasing overall noise to promote sleep in the
hospital seems like the obvious solution, the treatment for
noise pollution in the hospital may actually be more back-
ground noise, not less.

Recent studies support the clinical implications of our find-
ings. First, decreasing overall noise levels is difficult to accom-
plish.? Second, recent studies utilized white noise in different
hospital settings with some success in improving patients’
subjective sleep quality, although more studies using objective
data measurements are needed to further understand the im-
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pact of white noise on sleep in hospitalized patients.’®*! Third,
efforts at reducing interruptions—which likely will decrease
the number of SLCs—such as clustering nursing care or re-
ducing intermittent alarms may be more beneficial in improv-
ing sleep than efforts at decreasing average sound levels. For
example, Bartick et al. reduced the number of patient inter-
ruptions at night by eliminating routine vital signs and clus-
tering medication administration. Although they included
other interventions as well, we note that this approach likely
reduced SLCs and was associated with a reduction in the use
of sedative medications.*> Ultimately, our data show that a fo-
cus on reducing SLCs will be one necessary component of a
multipronged solution to improving inpatient sleep.”

Light-Level Findings

Because of its effect on circadian thythms, the daily light-
dark cycle has a powerful impact on human physiology and
behavior, which includes sleep.** Little is understood about
how light affects sleep and other circadian-related functions
in general ward patients, as it is not commonly measured.
Our findings suggest that patients admitted to the hospital
are exposed to light levels and patterns that may not opti-
mally promote wake and sleep. Encouragingly, we did not
find excessive average light levels during the nighttime in
either ICU or non-ICU environment of our hospital, al-
though others have described intrusive nighttime light in
the hospital setting.”>?¢ Even short bursts of low or moderate
light during the nighttime can cause circadian phase delay,”
and efforts to maintain darkness in patient rooms at night
should continue.

Our measurements show that average daytime light levels
did not exceed 250 lux, which corresponds to low, office-lev-
el lighting, while the brightest average light levels occurred
in the afternoon for both environments. These levels are
consistent with other reports?®*>% as is the light-level vari-
ability noted throughout the day (which is not unexpected
given room positioning, patient preference, curtains, etc).
The level and amount of daytime light needed to maintain
circadian rhythms in humans is still unknown.*® Brighter
light is generally more effective at influencing the circadi-
an pacemaker in a dose-dependent manner.* Although en-
trainment (synchronization of the body’s biological rthythm
with environmental cues such as ambient light) of the hu-
man circadian rhythm has been shown with low light levels
(eg, <100 lux), these studies included healthy volunteers
in a carefully controlled, constant, routine environment.?
How these data apply to acutely ill subjects in the hospital
environment is not clear. We note that low to moderate lev-
els of light (50-1000 lux) are less effective for entrainment
of the circadian rhythm in older people (age >65 years, the
majority of our admissions) compared with younger people.
Thus, older, hospitalized patients may require greater light
levels for regulation of the sleep-wake cycle.” These data are
important when designing interventions to improve light for
and maintain circadian rhythms in hospitalized patients. For
example, Simons et al. found that dynamic light-applica-
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tion therapy, which achieved a maximum average lux level
of <800 lux, did not reduce rates of delirium in critically
ill patients (mean age ~65). One interpretation of these re-
sults, though there are many others, is that the light levels
achieved were not high enough to influence circadian tim-
ing in hospitalized, mostly elderly patients. The physiologi-
cal impact of light on the circadian rhythm in hospitalized
patients still remains to be measured.

LIMITATIONS

Our study does have a few limitations. We did not assess
sound quality, which is another determinant of arousal po-
tential.?% Also, a shorter measurement interval might be use-
ful in determining sharper sound increases. It may also be
important to consider A- versus C-weighted measurements
of sound levels, as A-weighted measurements usually reflect
higher-frequency sound while C-weighted measurements
usually reflect low-frequency noise!®; we obtained only
A-weighted measurements in our study. However, A-weight-
ed measurements are generally considered more reflective of
what the human ear considers noise and are used more stan-
dardly than C-weighted measurements.

Regarding light measurements, we recorded from rooms
facing different cardinal directions and during different
times of the year, which likely contributed to some of the
variability in the daytime light levels on both floors. Addi-
tionally, light levels were not measured directly at the pa-
tient’s eye level. However, given that overhead fluorescent
lighting was the primary source of lighting, it is doubtful that
we substantially underestimated optic-nerve light levels. In
the future, it may also be important to measure the different
wavelengths of lights, as blue light may have a greater im-
pact on sleep than other wavelengths.* Although our find-
ings align with others’, we note that this was a single-center
study, which could limit the generalizability of our findings
given inter-hospital variations in patient volume, interior
layout and structure, and geographic location.

CONCLUSIONS

Overall, our study suggests that the light and sound environ-
ment for sleep in the inpatient setting, including both the
ICU and non-ICU wards, has multiple areas for improve-
ment. Our data also suggest specific directions for future
clinical efforts at improvement. For example, efforts to de-
crease average sound levels may worsen sleep fragmentation.
Similarly, more light during the day may be more helpful
than further attempts to limit light during the night.

Disclosure: This research was funded in part by a NIH/NCATS flagship Clinical and
Translational Science Award Grant (5KL2TRO01112). None of the authors report

any conflict of interest, financial or otherwise, in the preparation of this article.
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