Original research

Effects of working environments with
minimum night lighting on night-shift
nurses’ fatigue and sleep, and
patient safety
Hokuto Hoshi,1,2 Hajime Iwasa,2 Aya Goto,3 Seiji Yasumura2
To cite: Hoshi H, Iwasa H,
Goto A, et al. Effects of working
environments with minimum
night lighting on night-shift
nurses’ fatigue and sleep, and
patient safety. BMJ Open Quality
2022;11:e001638. doi:10.1136/
bmjoq-2021-001638
Received 11 August 2021
Accepted 16 December 2021

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.
1

Koeki Zaidan Hojin Hoshi Sogo
Byoin, Koriyama, Fukushima,
Japan
2
Department of Public Health,
Fukushima Medical University
School of Medicine, Fukushima,
Japan
3
Center for Integrated Science
and Humanities, Fukushima
Medical University, Fukushima,
Japan
Correspondence to
Dr Hokuto Hoshi;
hoshipital@gmail.com

ABSTRACT

Objective Nurses working rotating shifts often suffer from
insomnia or similar disorders because exposure to room
lighting at night inhibits melatonin secretion, resulting
in a disturbed circadian rhythm. This study investigated
whether dark room lighting would be preferable to
brighter rooms in terms of (1) fatigue and sleepiness while
working, (2) quality of sleep and (3) non-interference with
work performance among nurses.
Methods This study used a non-randomised open-label
trial between night shifts using dark (110 lx) and bright
(410 lx) room lighting on the desk surface. A total of 20
nurses were enrolled in the trial from November 2015
to February 2016 at a hospital in Japan. All participants
worked first with dark room lighting and then with
bright room lighting. The participants completed a self-
administered questionnaire at enrolment, which was
collected this at the end of the intervention.
Results Fatigue and sleepiness were significantly higher
in dark room lighting than in bright room conditions
(p<0.05). There were no significant differences in sleep
quality between the dark and well-lit conditions. We
detected no significant differences in the number of
reported incidents or accidents comparing the two types of
environments.
Conclusion Dark room lighting did not ameliorate fatigue
and sleepiness during night shifts. Additionally, there
was no evidence of improvement in sleep quality among
nurses. These findings are important, however, in terms of
managing hospital risk.

BACKGROUND
Currently, hospital nurses in Japan work
in two shifts: in the daytime (08:45 to 17:15
hours at the study hospital; 8 hours 30 min
with a break), and at night (16:45 to 09:15 am
the next day; 16 hours 30 min with a break).
Night-
shift nurses take a break or nap for
2 hours during long working hours. Some
hospitals employ nurses who work night shifts
only, but nurses generally work both day and
night shifts.
In humans, a lighting environment of >300
lx inhibits melatonin secretion even with a
short exposure time of 1–2 hours.1–3 With
an exposure time of more than a certain

number of hours, a lighting environment
of 120 lx or higher also inhibits melatonin
secretion.4 This inhibition has a harmful
effect on the circadian rhythm of night-shift
nurses working in the usual lighting environment, disrupting naps or sleep rhythms
after the night shift.5 Reportedly, consecutive shift changes between night and day
disrupt circadian rhythms and lead to problems such as insomnia, which is one of the
reasons why nurses leave their jobs.6–8 Additionally, lifestyle factors (including exercise,
sleep patterns, timing of meals and alcohol
consumption) affect the circadian rhythms of
nurses. It is important for hospital managers
to help reduce nurse turnover because of
work environment issues.
Humans temporarily stop feeling sleepy in
an extremely well-lit environment of approximately 5000 lx.8 Some reports state that short
exposure to extremely bright light changes
sleepiness in night-shift workers.9–11 Temporary periods of wakefulness during the night
may disrupt circadian rhythms. Since there
is little scientific evidence related to how
minimum lighting at night influences nurses’
health and work, we aimed to find an ideal
solution to minimise disruption of nurses’
circadian rhythm and maximise hospital
safety management.
Study aims
The authors hypothesised that disruption
of shift workers’ circadian rhythms could be
prevented if night lighting was kept below 120
lx (hereafter, ‘a dark environment’), a level
that does not inhibit melatonin even with
long-term exposure.1–4 It should be noted
that 120 lx complies with the Japanese regulations of the Industrial Safety and Health Act,
which set 70 lx as the minimum requirement
for work involving strenuous activities, and
100 lx for a hospital room.
The objectives of this study were to investigate whether dark environments improve

Hoshi H, et al. BMJ Open Quality 2022;11:e001638. doi:10.1136/bmjoq-2021-001638

1

BMJ Open Qual: first published as 10.1136/bmjoq-2021-001638 on 18 January 2022. Downloaded from http://bmjopenquality.bmj.com/ on June 27, 2022 by guest. Protected by copyright.

Open access

nurses’ (1) fatigue and sleepiness while working, (2)
quality of sleep and (3) reduce interference with work
performance (malpractice/incidents/accidents).
METHODS
In this quasi-experimental study, participants received a
control treatment, followed by a washout period, and then
received the intervention. The study was conducted at a
430-bed general hospital that mainly provides acute care,
located in a Japanese city with a population of approximately 330 000. The hospital was originally designed
to use minimal lighting. Some nurses in the hospital
complained that, when working a night shift, they had to
go back and forth between dark patient rooms and much
brighter work stations. All wards, therefore, except for
the intensive care unit and emergency department were
constructed to have ‘dark conditions’ with only 110 lx in
the work spaces.
Dark conditions were defined as approximately 110
lx (colour temperature: 3500K, Color Rendering Index:
Ra85) on the desk at the staff station, while well-lit conditions were defined as approximately 410 lx (colour
temperature: 3500K, CRI: Ra85) on the desk, with additional ceiling lights used to create a bright environment
during the second half of the study period. During
daytime, well-lit conditions of approximately 630 lx were
maintained, while the dark condition was maintained at
600 lx; these were determined to be equivalent to each
other.
Nurses who worked rotating shifts in a general ward
and those who regularly had a night shift about five times
per month with more frequent day shifts participated in
the study. We calculated sample size by assuming a tolerance of 18%, CI of 95% and a response rate of 60%,
finally arriving at a sample size of 28 participants. Thirty
participants potentially would provide statistically significant differences in main outcome indicators between the
two conditions. The study measured the impact of the
night shift with or without dark lighting through a questionnaire completed on the last day of a run of consecutive day shifts and on the first day shift after a night
shift. Over the 4-month study period, the participants
underwent two phases depending on daylight exposure
time between two conditions. The dark condition phase
was conducted from 1 November to 31 December 2015,
during a period when the ward was routinely used under
this condition. The well-lit phase was conducted from 1
January to 29 February 2016. This time period was intentionally selected because of its minimal daylight.
Study period
Questionnaires were collected from the participants
during the latter half of the second month for each condition. The latter half of the second month for dark condition ran from 17 to 30 November 2015 and that for the
well-lit condition was the period from 16 to 29 February
2016.
2

Reports of medical treatment problems related to work
performance were analysed for the entire month of exposure. Reports for the dark conditions were recorded for
the period from 1 to 30 November 2015 and those for the
well-lit conditions were taken from the period from 1 to
29 February 2016.
Questionnaires
A self-administered questionnaire was given to the participants at enrolment and collected at the end of the intervention.
The questions about fatigue and sleepiness were taken
from ‘Subjective Symptoms (2002)’, developed by the
Industrial Fatigue Research Committee of the Japan
Association of Industrial Health.12 This assessment is
performed before and after work for comparison, with
higher scores indicating stronger fatigue or sleepiness.
The questions about sleep quality assessed at time of
waking were taken from the ‘Oguri-
Shirakawa-
Azumi
Sleep Inventory MA Version’,13 which is a self-assessment
of sleep quality. The questions about ‘sleep quality’
covered five factors: sleepiness on waking, sleep induction and maintenance, dreaming, recovery from fatigue
and sleep duration. These five factors comprised 16 questions. Higher scores indicate better sleep quality. The
questionnaire could be completed at any time during
and after the shift. For the night shift, a question about
‘feeling sleepy on waking after a nap’ was added.
Questions about malpractice/incidents/accidents were
quantitatively compared by severity level based on all the
reports compiled at this hospital. From these reports, we
examined whether there was any mention of the effect
of lighting environment, such as light intensity or visibility. The severity was classified into eight levels that were
used ranging from a near-miss (level 0) to death (level 5).
Levels 3 and 4 were further divided into ‘a’ and ‘b’; ‘b’ was
more severe than ‘a’. Level 3b or higher was defined as an
accident.14 Level 3b was defined as ‘a temporary injury of
severe degree, for which extensive treatment was needed
(severe change in vital signs, ventilator, surgery, extension
of hospital stays, hospital admission as an outpatient, bone
fracture, etc)’. Thus, levels above 3a included all serious
issues. Data collection and analyses were performed using
this classification. The analysis used a final severity level
decided by an independent clinical safety committee of
the hospital and was not based on the report.
Analysis method
A t-test was used to evaluate the difference in the average
values. Fisher’s exact test was used to determine differences in numbers by group. Statistical significance was set
at p<0.05. We compared results between the two conditions, and the results before and after night shifts under
the same conditions. An analysis of incident and accident
reports was also performed. It examined the results in a
2×2 table divided by condition and severity for both day
shifts and night shifts. Furthermore, related to the total
number of reports and comparisons between conditions,
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0

Asthma

1

1

Myoma of the
uterus

1

0

Fatty liver

0

1

Slipped disk

1

0

Left

0.94±0.27

0.76±0.43

Right

0.92±0.32

0.81±0.63

Corrected
eyesight
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1.72±0.63

2.29±1.31
2.02±1.07
2.36±1.13†
1.66±0.79†

1.32±0.48*
2.18±1.26

3.69±1.05†
2.92±1.23†
2.24±1.03
1.78±0.95

1.43±0.73
2.31±0.93

2.32±1.09

1.52±0.63
1.16±0.26†

1.96±0.87*
2.89±0.92

2.02±1.24
1.43±0.73

1.92±0.78
2.14±0.89

2.00±0.99

1.89±1.03
1.71±0.84†
2.27±0.81
1.59±0.84
1.72±0.70

1.44±0.74

1.81±1.10
1.72±0.85

1.42±0.60
2.24±1.23

2.26±0.91
1.72±0.74

1.83±0.88
1.75±1.10

1.87±1.04

After work

1.84±1.20
1.38±0.72
1.80±0.93
1.58±0.93
2.20±0.91
1.96±1.48
1.95±0.97
1.54±1.27
1.67±0.98
1.64±1.13

Night shift

Before work
After work

2.53±1.07
2.35±1.31
Average ±SD.
*Difference between dark conditions and well-lit conditions p<0.05.
†Difference between dark conditions and well-lit conditions p<0.1.

Allergy

Past illness

2.71±1.19*
1.73±1.00*

3

1.45±0.66†

7

5

Dark conditions
Well-lit conditions

12

No answer

Well-lit conditions

No

Sleeping drug

Drowsiness

3

1.97±0.79†

6

1.27±0.60†

No answer

Dark conditions

7

Well-lit conditions

11

Lethargy

No

1.74±0.75†

Sleep disorder

Dark conditions

13.6±13.4

Grogginess

12.4±13.6

1.56±0.73

Mean±SD

1.91±0.86

Mean duration
of work

Well-lit conditions

36.0±13.1

Dark conditions

34.6±13.2

Uneasiness

Mean±SD

2.11±1.00
1.55±0.96

Age

Dark conditions
Well-lit conditions

1
9

Instability

0
17

Before work

Male
Female

Conditions

Sex

Symptom

Well-lit
condition
(n=10)

Last day shift before a night shift

Dark
condition
(n=17)

Symptoms before and after work by work-shift and brightness condition

Table 1 Background of subjects

Table 2

RESULTS
Participant demographics
The ward had 30 beds, and there were 30 rotating shift
nurses. Of the 30 nurses who had the study explained
to them in the ward, 20 were enrolled in the study after
providing informed consent. One participant withdrew
from the study after being transferred to another ward.
Another participant who was transferred from another
ward in the hospital joined in the middle of the study
period. Of the 20 participants, 19 completed questionnaires for the dark exposure phase. The data for two
participants were excluded as one used sleeping pills and
the other failed to respond to some questions. Data of
the remaining 17 subjects were analysed. For the well-lit
condition, data from 10 participants were used for the
analysis. Nine did not respond to the questionnaire for
the well-lit condition. There were no differences in age,
work experience or corrected eyesight (table 1).

After work

Patient and public involvement
Participants of this study were nurses working at a general
hospital. Although patients at the hospital were not
involved, participants were fully informed of significance
of this study and possible benefits derived from this study
results for them.

Before work

First day shift after a night shift

the total number of day and night shifts in the surveyed
ward were also compared with those in other wards simultaneously.
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Table 3 Self-assessment of sleep quality by work-shift and conditions
Last day shift
before a night
shift

First day shift
after a night
shift

Night shift

On waking
(mean±SD)

On waking
(mean±SD)

After a nap
(mean±SD)

On waking
(mean±SD)

Factors

Elements

Conditions

I

Sleepiness on
waking

Dark conditions 38.09±12.84
Well-lit
42.48±11.92
conditions

40.93±8.75
41.83±13.10

32.82±9.44
37.47±14.06

38.67±10.40
40.38±12.43

Ⅱ

Sleep induction
and maintenance

Dark conditions 46.33±7.84*

46.11±7.41

37.95±9.45

46.55±9.86

Well-lit
conditions

52.13±9.94*

46.56±10.85

31.15±11.62

48.50±12.78

Dreaming

Dark conditions 43.78±13.12

46.85±10.57

51.74±10.81

48.04±12.60

Well-lit
conditions

51.22±13.20

54.66±8.94

52.97±8.90

Ⅲ

Ⅳ

Ⅴ

51.19±9.74

Recovery from
fatigue

Dark conditions 41.37±11.78

42.11±10.41

31.17±8.93

42.01±8.04

Well-lit
conditions

45.08±11.48

44.30±12.57

33.90±9.27

45.92±12.74

Sleep duration

Dark conditions 41.92±7.99
40.04±13.33
Well-lit
conditions

47.82±9.83
42.64±11.12

28.45±7.54
30.28±8.79

43.15±8.63
41.88±9.54

*Difference between dark conditions and well-lit conditions p<0.1.

Fatigue and sleepiness
Questions on ‘subjective symptoms’ related to fatigue
and sleepiness covered five factors: instability, uneasiness, grogginess, lethargy and drowsiness. Table 2 shows
the means and SDs by factor. Overall mean scores were
higher for the dark condition than for the well-lit condition, indicating that nurses experienced more subjective
symptoms in the dark conditions. The items that were
statistically significant and higher for the dark conditions
compared with well-lit conditions were drowsiness before
work on the last day shift before a night shift (2.71±1.19
vs 1.73±1.00), and lethargy on the first day after the night
shift (1.96±0.87 vs 1.32±0.48; p<0.05). For grogginess,
lethargy and drowsiness, the dark condition displayed a
higher trend than the well-lit condition (p<0.1). On a
night-shift day, no significant differences were found for
any symptom.
Self-assessment of sleep quality on waking
Table 3 shows the self-assessment of the sleep quality.
Sleep induction and maintenance showed a higher trend
in the case of well-
lit conditions on the last day shift
before a night shift than for dark conditions (well-
lit
conditions, 52.13±9.94 vs dark conditions, 46.33±7.84;
p<0.1). However, there were no significant differences in
any items between the dark and well-lit conditions.
Work performance on safety
Table 4 lists the numbers of incident and accident reports.
These were divided into accidents (3b or higher) and incidents (3a or lower). The percentages of the number of
reports for the whole hospital were compared with those
4

during the day and night shifts, but no significant differences were found. Regarding ratio of the total number
of reports for day versus night shift, there was no significant difference in the study ward between the different
conditions. As compared with total number of reports for
the study ward and other wards during the well-lit condition, the study ward had significantly more reports for
the night shift than for the whole hospital, excluding the
study ward (p<0.05). Related to medical treatment problems there were no light intensity-related reports during
the entire study period.
DISCUSSION
No significant differences were observed in symptoms
during a night shift in the dark conditions. A previous
study, however, pointed out the satisfaction with the
lighting and ease of concentration at work,15 as well as
brightness at work and glare in the work area caused by
lighting fixtures. The difference in illumination from the
background, and in the brightness entering the visual
field might give effects to symptoms at work; further analysis (such as luminance analysis) will be required in the
future to ascertain this.
Regarding feelings about sleep quality, no significant
differences were found in any items between the dark and
well-lit conditions. Our results did not clearly indicate
whether a dark environment prevents disruption of the
circadian rhythm in night-shift nurses.1–4 A recent intervention study16 reported a positive effect on sleep among
nurses by adjusting light exposure using both a portable
light box (for 40 min exposure to bright light before night
Hoshi H, et al. BMJ Open Quality 2022;11:e001638. doi:10.1136/bmjoq-2021-001638
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Number of incident/accident reports

Study ward

Whole hospital except study ward

1
(25.0%)
0
(0.0%)

Day shift
Night shift

1
(5.0%)

3
(3.2%)

Night shift
All day

15
(23.4%)

Day shift

1
(6.3%)

Night shift
18
(12.7%)

0
(0.0%)

Day shift

All day

1
(3.6%)

6
(8.0%)

16
(11.8%)
10
(16.4%)

All day

Night shift

Day shift

All day

0

Difference between whole hospital except study ward (*) and study wards (†), p<0.05.
Day shift: 08:15–17:15 hours. Night shift: 17:15–08:15 hours next day.

Well-lit conditions
(1 February 2016–
29 February 2016)

Study ward

Dark conditions
Whole hospital except study ward
(1 November 2015
–30 Novemer 2015)

Table 4

1
(25.0%)
11
(68.8%)

12
(60.0%)

28
(35.9%)

29
(45.3%)

57
(40.1%)

3
(18.8%)

6
(50.0%)

9
(32.1%)

31
(41.3%)

68
(50.0%)
37
(60.7%)

1

2
(50.0%)
4
(25.0%)

6
(30.0%)

42
(53.8%)

17
(26.6%)

59
(41.5%)

12
(75.0%)

6
(50.0%)

18
(64.3%)

33
(44.0%)

43
(31.6%)
10
(16.4%)

2

0
(0.0%)
1
(6.3%)

1
(5.0%)

5
(6.3%)

3
(4.6%)

8
(5.6%)

0
(0.0%)

0
(0.0%)

0
(0.0%)

5
(6.7%)

9
(6.6%)
4
(6.6%)

3a

4
(100.0%)
16
(100.0%)

20
(100.0%)

78
(98.7%)

64
(98.5%)

142
(98.6%)

16
(100.0%)

12
(100.0%)

28
(100.0%)

75
(100.0%)

136
(100.0%)
61
(100.0%)

Subtotal

0
(0.0%)
0
(0.0%)

0
(0.0%)

1
(1.1%)

1
(1.4%)

2
(1.2%)

0
(0.0%)

0
(0.0%)

0
(0.0%)

0
(0.0%)

0
(0.0%)
0
(0.0%)

3b

0
(0.0%)
0
(0.0%)

0
(0.0%)

0
(0.0%)

0
(0.0%)

0
(0.0%)

0
(0.0%)

0
(0.0%)

0
(0.0%)

0
(0.0%)

0
(0.0%)
0
(0.0%)

4a.b, 5

0
(0.0%)
0
(0.0%)

0
(0.0%)

0
(0.0%)

1
(1.4%)

2
(1.2%)

0
(0.0%)

0
(0.0%)

0
(0.0%)

0
(0.0%)

0
(0.0%)
0
(0.0%)

Subtotal

4†
(100%)
16†
(100%)

20
(100%)

79*
(100%)

 (100%)

65*

144
(100%)

16
(100%)

 (100%)

12

28
(100%)

75
(100%)

136
(100%)
61
(100%)

Total
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shift) and sunglasses (for avoiding bright light after the
night shift). Environmental lighting improvement should
be combined with individual-level, subtle adjustments to
obtain a clearer effect.17
This study found that differences in lighting environment did not cause problems in work performance. The
ratio of incidents during the day shift to those occurring
during night shift was 3:4, while for the well-lit condition,
the ratio was 1:4. The number of night-shift incidents
was significantly larger in well-lit conditions. A previous
study reported that a bright lighting environment for
ICU nurses working at night shifts reduced sleepiness
but increased the number of psychomotor errors.16 The
study ward at the hospital was designed so that when
the nurses’ work space was bright, patient rooms would
also be bright. At nighttime after 21:00 hours, however,
the patient rooms become dark to help them sleep well.
Therefore, bright light coming from a well-lit working
station might have affected patients’ sleeping conditions,
causing a relatively high frequency of incidents like a slipping from the bed.
Study limitation
The available sample size was insufficient to detect any
statistical significance. It could also be true that there
was no significant effect of the dark condition during the
night shift. There may have been confounding factors
regarding fatigue and feeling sleepy (such as exposure to
sunlight, exercise and alcohol consumption) for which
information was not collected. Other missing information
included the patients’ medical conditions, new hospitalisation cases during the night shifts and the number of
empty beds. Since this study was conducted at only one
institution, we note that it may not be fully representative
or generalisable. The results obtained from the present
study merely suggest the importance of monitoring the
lighting environment in hospitals and conducting further
studies. Despite the major limitation of sample size, our
trial suggests a way of evaluating the working environment in hospitals using a quasi-experimental design with
minimal interference to routine work.
CONCLUSION
Caring for the health of night-shift workers to prevent
rapid turnover of staff due to unfavourable work environments is important for hospital management as well as for
patient safety. The objectives of this study were to investigate whether dark environments bring improvement
in terms of (1) fatigue and sleepiness on working, (2)
quality of sleep and (3) unhindered work performance
(no malpractice/incidents/accidents) among nurses.
Among these three variables, we could not find significant results for (1) and (2) partly due to the small sample
size. However, we clarified that lighting did not interfere
with work performance in a dark environment. Although,
a further large-scale study with more rigorous data collection on lightning should be conducted, this study suggests
6

that lower lighting levels on night shifts is acceptable for
nurses’ work environment and safety management in
general wards of hospitals. To our knowledge, minimum
lighting has not yet been used in hospitals. The study site
continues to employ the dark condition, and a few other
hospitals now follow this method, which may enable a
multisite evaluation in the future.
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