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Abstract 
Purpose: We aimed to investigate the effects of installing false windows next 
to hospital beds without windows on the amount of light received by patients 
and their sleep quality. Methods: The study included patients admitted to the 
Department of Neurology at our hospital between September 2020 and Au-
gust 2021. An Actigraph device was fitted to patients’ wrist and their beds to 
measure the amount of light received and sleep quality. Patients were divided 
into three groups: bed with a window, aisle bed with a false window, and aisle 
bed without a window. Mean sleep efficiency (%), mean steps (per day), and 
the amount of light (lux) received by the patients and beds were measured. 
Results: Valid data were obtained for 48 participants (median age, 66.5 
years). There were 23 patients in beds with a window, 13 patients in aisle beds 
without a false window, and 12 in aisle beds with a false window. No statisti-
cally significant differences were found in terms of mean sleep efficiency, 
number of steps taken, and the amount of light received by the patients (P > 
0.05); however, difference in the mean amount of light received by the beds at 
the location of the bed was statistically significant (P < 0.001). Conclusion: 
The amount of light that the patient receives is not necessarily affected by the 
location of the bed or the presence of a false window. 
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1. Introduction 

Reduced natural light in windowless hospital beds disrupts circadian rhythms 
and causes sleep disturbances in patients [1]. Several studies have reported the 
effects of low levels of light exposure in patients in windowless hospital beds. For 
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example, daylight hours have been reported to be reduced in windowless hospit-
al beds [2]. Furthermore, patients staying in windowless rooms in the intensive 
care unit have been reported to be more prone to delirium than those in rooms 
with windows [3]. Reports indicate that environments with limited light expo-
sure increase patients’ risk of delirium, depression, heart disease, and diabetes 
due to sleep disturbance [4] [5] [6] [7]. Patients in beds closer (<1.0 m) to a 
window had better subjective sleep quality than those in beds further away (>3.0 
m) from a window [8]. Furthermore, hospital rooms with windows are less 
stressful, patients are more satisfied [9], and postoperative recovery may be ac-
celerated [10]. Thus, light through windows in hospital rooms is an important 
aspect for improving patients’ satisfaction and recovery. False windows installed 
on walls can display various outdoor views in windowless hospital rooms and 
produce psychological effects comparable to those of real windows [11]. Howev-
er, to the best of our knowledge, the effects of false windows on sleep and light 
have not yet been fully examined. In this study, false windows were installed 
next to windowless beds in the neurology department to examine patients’ sleep 
quality and to measure the amount of light received by patients in beds with and 
without windows. 

2. Methods 
2.1. Ethical Approval and Informed Consent 

This observational study was approved by the Institutional Review Board of Na-
ra Medical University (Kashihara, Nara, Japan; Chairperson Prof. M. Yoshizumi, 
Approval No. 2520, August 8, 2020). Consent was obtained from all patients in 
writing and verbally. This study was registered with the UMIN Clinical Trial Re-
gistry (UMIN000041022). 

2.2. Hospital Environment 

Nara Medical University Hospital is located at 34˚30'14''N and 135˚47'32''E. 
Among the 914 beds in our academic medical center, 57 were available in the 
neurological ward. The 57 beds included 10 private rooms, one room shared by 
three patients, and 11 rooms shared by four patients. A false window (Atmoph 
Window, Atmoph Inc., Kyoto, Japan) was installed next to one of the aisle beds 
in a room shared by four patients (Figure 1, ③) [12]. The false window dis-
played scenery from a web camera installed on the roof of the hospital in real 
time from 7 am to 7 pm. The false window was turned on and off according to 
the patients’ requests. 

2.3. Patient Selection 

This observational study was conducted at Nara Medical University between 
September 2020 and August 2021 in patients aged > 20 years who were admitted 
to four-bedded rooms with a false window in the neurology ward of the hospital. 
Exclusion criteria were patients who could not understand Japanese, patients  
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Figure 1. Rooms were shared by four patients and the beds were assigned numbers ac-
cording to their location as follows: ①: Window side. The distance between window and 
bed is 80 cm. ②: Aisle side without false window. The distance between window and bed 
is 330 cm. ③: Aisle side with false window. The distance between false window and bed is 
70 cm. The spaces between beds were separated using a curtain and bed three had a false 
window. 
 
who did not provide written informed consent, patients with a Mini-Mental 
State Examination score < 20 [13], and patients who spent all day in bed and 
needed assistance with toileting, eating, and dressing (C1 and C2 level of inde-
pendence) [14]. The flow of participants is shown in Figure 2. 

2.4. Actigraph 

Polysomnography (PSG) is the gold standard for sleep assessment; however, this 
requires the individual to sleep in a monitoring room, which may be distressing. 
The Actigraph is worn mainly on the wrist, and it does not measure sleep per se, 
but rather it records levels of physical activity, which is highly correlated with 
sleep [15]. Compared with PSG, the Actigraph can record activity, amount of 
light, and sleep quality for a longer period, allowing the evaluation of natural 
sleep, and can differentiate between sleep and wakefulness with an accuracy 
of >80% [16]. An Actigraph device was attached to the patient’s non-dominant 
arm and bed on admission for testing (Figure 3), and the data were collected at 
the time of discharge. Actigraph data were collected using an Actigraph 
wGT3X-BT device (ActiGraph™; ActiGraph, Pensacola, FL, USA). The collected 
data were analyzed using ActiLife6 software (Version 6.13.4, ActiGraph), and 
Cole-Kripke was used as the analysis algorithm [17]. The Actigraph was confi-
gured to collect activity in 60 s epochs. Mean sleep efficiency (SE; %) steps taken 
during the measurement period, and amount of light received by the device and 
beds (lux) from 7 am to 7 pm were measured using the Actigraph device. SE was 
measured as the ratio of the total sleep time from bedtime to waking to the time 
determined to be sleep by the algorithm. 

2.5. Outcomes 

The primary outcomes were the patients’ sleep efficiency and amount of light  
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Figure 2. Flow of participants included in the study. 
 

 

Figure 3. Actigraph. (a) Patient wearing an Actigraph on the wrist of their non-dominant 
arm. (b) The Actigraph was located at the head end of the bed. 
 
received. The secondary outcomes were the number of steps and amount of light 
received by the bed. 

2.6. Statistical Analysis 

Continuous data are presented as mean [standard deviation (SD)] and categori-
cal variables are presented as numbers. The participants were divided according 
to the room and window into three groups (Figure 1): bed with a window; aisle 
bed with a false window, and aisle bed without a window. The mean sleep effi-
ciency (%), mean steps (/day), and mean amount of light (lux) received by the 
patients and beds were determined using one-way analysis of variance (ANOVA) 
using EZR (version 1.54). All P values < 0.05 were considered statistically signif-
icant. 

3. Results 

Among 53 eligible patients, 48 (31 males and 17 females) were analyzed and va-
lid data were obtained. Among the included patients included, 23 were in beds 
with windows, 13 in aisle beds without a false window, and 12 in aisle beds with 
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a false window (Figure 3). Five patients were excluded, including two with in-
complete data, one with a sudden change in condition, one transferred to a hos-
pital room, and one with lost equipment. 

The patient data are presented in Table 1. The 48 patients had a mean age of 
64.4 ± 12.8 years, mean body mass index 22.5 ± 4.4 kg/m2, and were predomi-
nantly male (64.6%). The mean length of the hospital stay was 17.3 ± 9.4 days. 
None of the patients had a Mini-Mental State Examination score of <20 and C1 
or C2 levels of independence. 

The Actilife analysis data are presented in Table 2. The mean sleep efficiency 
was 87.1% ± 5.5% for patients in beds with a window, 86% ± 4.6% for patients is 
aisle beds without a false window, and 84.4% ± 5.3% for patients in aisle beds 
with a false window (P = 0.33). The mean amount of light received by the patient 
was 58.6 ± 45.0 lux in beds with a window, 30.9 ± 51.1 lux in aisle beds without a  
 

Table 1. Patient data at hospital admission and discharge. 

Mean (SD) 
Window side 

(n = 23) 

Aisle side without 
false window 

(n = 13) 

Aisle side with false 
window 
(n = 12) 

Sex (male/female), n 7/16 8/5 7/5 

Age (years), mean (SD) 63.4 (14.9) 68.2 (13.8) 61.5 (9.7) 

BMI (kg/m2), mean (SD) 22.9 (5.6) 21.2 (4.8) 23.4 (2.7) 

Length of hospital stay (days), mean (SD) 14 (5.4) 18 (9.4) 20 (13.5) 

Level of independence 
J1/J2 = 6/5 

A1/A2 = 4/4 
B1/B2 = 3/1 

J1/J2 = 5/4 
A1/A2 = 0/3 
B1/B2 = 0/0 

J1/J2 = 3/2 
A1/A2 = 2/3 
B1/B2 = 1/2 

Mini-Mental State Examination, mean (SD) 26.8 (2.9) 26.4 (3.1) 27.8 (2.2) 

BMI, Body Mass Index; SD, Standard Deviation. J1: The patient can go out by using public transportation, J2: The patient can go 
out in the neighborhood, A1: The patient goes out with assistance and is mostly out of bed during the day, A2: The patient goes 
out infrequently and alternates between sleeping and being out of bed during the day, B1: The patient can transfer to the wheel-
chair, as well as eat and excrete away from the bed, B2: The patient transfers to the wheelchair with assistance, C1: The patient can 
roll over, C2: The patient cannot roll over. 
 
Table 2. Actilife analysis data. 

Mean (SD) 
Window side 

(n = 23) 

Aisle side without 
false window 

(n = 13) 

Aisle side with false 
window 
(n = 12) 

P-value 

Sleep efficiency (%), mean (SD) 87.1 (5.5) 86 (4.6) 84.4 (5.3) 0.33 

Steps (/day), mean (SD) 5711 (3506) 5144 (2762) 5896 (1267) 0.78 

Patient light exposure (lux), mean (SD) 58.6 (45.0) 30.9 (51.1) 32.0 (23.0) 0.10 

Light exposure of hospital beds (lux), mean (SD) 15 (8.9) 6.3 (10.8) 2.3 (2.2) <0.001 

SD, Standard Deviation. Window side, the distance between window and bed is 80 cm; Aisle side without false window, the dis-
tance between window and bed is 330 cm; Aisle side with false window, the distance between false window and bed is 70 cm. 
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false window, and 32.0 ± 23.0 lux in aisle beds with a false window (P = 0.10). 
Mean steps (per day) were 5583.7 ± 2511.7 (P = 0.78). The mean amount of light 
at the hospital beds was 7.9 ± 21.9 lux (P < 0.001). 

4. Discussion 

In this study, there were no statistically significant differences in the amount of 
light received by patients or sleep efficiency among the three different bed 
groups. Previous studies reported that the mean amount of light received by 
hospital patients was 61.8 - 104.8 lux [18] [19]. In the present study, the amount 
of light received by all the hospital beds (window and aisle with or without a 
false window) was lower than previously reported. While the reason for this is 
unclear, it may be associated with the coronavirus disease pandemic, which li-
mited patients’ number of steps in hospitals. We hypothesized that greater 
amounts of light would enhance sleep efficiency; however, there was no signifi-
cant difference among the three groups, with similar amounts of light and high 
sleep efficiency in all the groups. Other factors contributing to this high sleep ef-
ficiency could be explained by all groups having 5000 - 6000 steps. Typical daily 
activity is around 5000 - 7499 steps/day [20], and a higher number of steps is 
associated with greater sleep quality [21] [22]. The amount of light and steps did 
not differ among the three groups, which may be because these were influenced 
by activities that were not assessed in this study, including going to the examina-
tion room. The patients were able to switch the false window on and off, and it is 
possible that the amount of light was significantly lower because of the length of 
time it was turned off. In this study, Atmoph was used as the false window, but it 
has also been suggested that artificial skylight rooms (CoeLux ST and CoeLux 
S.r.L), which are close to natural light, may be better suited for controlling circa-
dian rhythm [23]. This study has some limitations. First, this was a single-center 
study and caution should be exercised when generalizing these results. Second, 
the conditions for measuring the amount of light received were not standar-
dized, and the amount of light received varied depending on the season and 
weather conditions [24]. Third, we did not measure the patient’s lifestyle before 
admission, and lifestyle and medications taken prior to hospitalization may have 
influenced the results of the sleep and function assessments [25] [26]. 

5. Conclusion 

There were no statistically significant differences in the amount of light received 
by the patients or the mean sleep efficiency between the bed groups, as defined 
by the presence of a window or the presence or absence of a false window. We 
believe that the amount of exposure to light while active without lying down 
leads to good sleep quality, even in patients in beds with windows.  
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