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Introduction

The body’s internal clock, known as the circadian sys-
tem, regulates the timing and expression of many physi-
ological and behavioral processes, most notable being 
the sleep–wake cycle. Circadian rhythm, roughly a 
24-hour rhythm is controlled by the suprachiasmatic 
nucleus (SCN) located in the hypothalamus of the brain 
(Schibler & Sassone-Corsi, 2002). Circadian rhythm is 
synchronized by many factors, with light being the most 
important exogenous stimulus (Duffy et al., 1996). Light 
at the right time in the morning has a positive effect on 
the daily rhythm, whereas light late in the evening has a 
negative effect. The luminous excitation is related not 
only to the intensity of the light but also to its spectrum. 
The circadian system is maximally sensitive to short-
wavelength (blue) light, with a peak spectral sensitivity 
at around 460 nm, which is highly prevalent during day-
light (Brainard et al., 2008).

Many physiological changes occur with aging, 
including the circadian system which undergoes signifi-
cant changes affecting rhythms of behaviors, tempera-
ture regulation, and hormone release (Hood & Amir, 
2017). These changes may result in disturbances in sleep 
such as fragmented nocturnal sleep with multiple and 

prolonged awakenings and increased daytime napping 
(McCurry et al., 2011). These abnormalities are more 
frequent and pronounced in older adults with Alzheimer’s 
disease and related dementia (ADRD) (McCurry et al., 
2011). It is thought that degenerative changes in the 
SCN result in these more pronounced circadian distur-
bances (Prinz et al., 1984).

Bright light during the day and dim light at night is 
suggested to entrain natural circadian rhythms. However, 
achieving adequate levels of natural illumination can be 
difficult, particularly in a nursing home environment 
where the light sources used usually do not provide ade-
quate stimulation. It is a challenge for many older adults, 
especially those with impaired mobility or impaired 
cognitive functioning to get outside and get the daylight 
required to achieve a stable circadian rhythm.
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Abstract
Purpose: Achieving adequate levels of illumination to stimulate the circadian system can be difficult in a nursing 
home. The aim of this study was to examine the impact that a 4-week cycled lighting intervention had on activity, 
sleep, and mood in older adults living in a nursing home.
Patients and methods: Ten residents were given an activity monitor to objectively measure activity and sleep, 
and subjective mood scores were also recorded during the study period. The cycled lighting intervention was 
designed to mimic normal natural daylight.
Results: Some participants responded positively to the lighting intervention showing improvements in activity 
levels, sleep, and mood, while others showed no change or a continued decline.
Conclusion: Although the results are inconclusive, a cycled lighting intervention remains a potentially promising 
intervention in the nursing home setting. Further studies with more robust measurements and a larger, more 
homogeneous cohort are required to investigate this further.
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There is a large and growing body of evidence sup-
porting the therapeutic application of light. Figueiro 
(2008) proposed a cycled lighting scheme for older 
adults with cool, high light levels for high circadian stim-
ulation during the daytime, and warm, low light levels 
for reduced circadian stimulation in the evening. This 
lighting intervention was shown to increase sleep effi-
ciency (Figueiro et al., 2015) and to decrease depression 
and agitation scores (Figueiro et al., 2014) in persons 
with ADRD living in long-term care facilities. More 
recently, researchers investigated whether a lighting 
intervention impacted upon circadian rhythm in patients 
in intensive care and discovered exposure to bright white 
light during the day was shown to improve rest–activity 
patterns (Engwall et al., 2017). However, others have 
reported no improvements in measures of sleep or day-
time alertness in nursing home residents with increased 
exposure to bright light (Ancoli-Israel et al., 2002; 
Dowling et al., 2005).

This work seeks to add to research in this field. The 
overarching aim of this research was to evaluate the 
effects that a cycled lighting intervention had on sleep, 
mood, and activity in older adults living in a nursing 
home. It was hypothesized that the lighting intervention 
would increase physical and social activities during the 
day and result in greater fatigue, providing in turn more 
restorative sleep at night and resultantly an overall 
improvement in the well-being of residents.

Material and Methods

This pilot study was a pragmatic control trial enrolling 
older adult residents living in a nursing home in Ireland. 
This study spanned an 8-week period between January 
2019 and March 2019: 2 weeks of baseline measure-
ments, a 4-week intervention period, and a 2-week fol-
low-up period. This study was reviewed and approved 
by the School of Health and Science Ethics Committee 
in Dundalk Institute of Technology, Dundalk, Ireland.

Population

A sample of convenience of older adult residents in the 
nursing home was enrolled. As this was an exploratory 
pilot study, formal sample size calculations were not 
performed and the sample size selected was based on the 
number of participants that could be conveniently 
recruited.

Residents and family members were informed about 
this study by way of information posters placed on the 
notice boards throughout the nursing home. An informa-
tion letter was also sent to the designated next of kin of 
all residents and enclosed an expression of interest form. 
Interested residents were screened for their suitability to 
take part by a member of the research team. A pragmatic 
approach to participant eligibility was adopted so as to 
maximize the number of participants enrolled. The only 

exclusion criteria was if a resident was bed bound or 
deemed too ill by nursing staff to attend an activity room 
in the nursing home. Written informed consent was 
obtained from residents/next of kin before any assess-
ment was performed.

Intervention

Two of the communal rooms in the study site have a 
Human Centric Lighting (HCL) system (Glamox Ireland 
Limited, Dublin, Ireland) installed to deliver the inter-
vention. The cycled lighting intervention delivered in 
this study was designed to mimic normal natural day-
light. The lighting intervention was delivered through 
recessed ceiling-mounted white luminaires for 11 hours 
per day (9 a.m. to 8 p.m.) for 4 weeks. During this 4-week 
intervention period, the system automatically cycled 
from a spectrum correlated to a color temperature of 
6,500 kelvin (K) (delivering a cool, bluish light for high 
circadian stimulation—Figure 1a) between 9 a.m. and 3 
p.m., and then back to 2,700–3,000 K (warm, yellowish 
light for reduced circadian stimulation—Figure 1b) from 

Figure 1. (a) Cool, bluish light for high circadian 
stimulation. (b) Warm, yellowish light for reduced circadian 
stimulation.
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3 p.m. to 8 p.m. The parameters of the lighting interven-
tion are summarized in Table 1.

According to the nursing home staff, residents habit-
ually use the same communal room every day; there-
fore, those who normally frequent either of the two 
communal rooms where the HCL system is installed 
were classified as being in the “exposed to the HCL 
intervention” group. The remaining residents were not 
exposed to any intervention during the study period. 
Any changes/deviations in communal room usage dur-
ing the study period by a resident were recorded by 
staff. There were no other changes in residents’ sched-
ules during the course of the study.

Study Assessments and Procedures

Basic demographic data (age, height, weight, etc.), clini-
cal status, and physical functioning were recorded at 
baseline and follow-up in a case report form.

Actigraphy. A consumer grade wrist-worn activity mon-
itor, the Fitbit Alta HR (Fitbit Inc., San Francisco, CA, 
USA) was used to objectively measure sleep and activ-
ity during the 8-week study period. The devices were 
worn continuously (24 hr/day, removed for showering 
and for charging) over the course of the 8-week study 
period. The device was worn on the left wrist, and the 
nursing and care staff in the nursing home were given 
instructions to ensure that the device was worn con-
tinuously and in the correct manner. For each Fitbit 
device, a smart phone was provided to synchronize the 
data with the Fitbit dashboard. The nursing and care 
staff were responsible for charging the device and 
smartphone and for ensuring the Fitbit device was 
synced daily.

Structured behavioral observations. A study diary was used 
to record mood during the study period. Recordings were 
made by the nursing staff daily. A member of the research 
team instructed the clinical nurse manager on how to 
complete the study diary, who in turn instructed the nurs-
ing staff. Residents graded their mood score using a 
numerical rating scale (1 = low mood, 10 = excellent 
mood), with the assistance of the nursing staff. Staff 
graded the mood score for those with a more severe cog-
nitive impairment. The diary was also used to document 
time spent in the communal rooms and to document any 
changes in diet, medication, and so on. Staff were not 
compensated for their involvement in the study.

Data Analysis

Data were analyzed at three time-points during the study 
period: Week 1 (W1)—baseline; Week 6 (W6)—post 
intervention; and Week 8 (W8)—follow-up. Activity 
and sleep data were extracted from the Fitbit dashboard 
and collated using Microsoft Office Excel. Sleep metrics 
extracted were total time in bed (in minutes) and total 
sleep time (in minutes) per 24-hour calendar day. Sleep 
efficiency was calculated by dividing the total sleep 
time by the total amount of time in bed. The weekly 
average for each sleep metric was calculated. For activ-
ity, daily step counts were calculated and the total 
weekly count was reported. Mood scores were extracted 
from the study diary and collated using Microsoft Office 
Excel, and the weekly average morning (AM) and after-
noon (PM) mood score were calculated. Descriptive sta-
tistics (mean and standard deviation [SD]) were used to 
describe the group data. Inferential statistical tests were 
not appropriate due to the small sample size in this study.

Results

Ten residents (seven female, three male; age: 80.8 ± 6.6 
years; height: 165.4 ± 11.1 cm; weight: 65.5 ± 18.1 kg) 
were enrolled in the study (six exposed to the interven-
tion, four not exposed). One resident from the non-
exposed group was hospitalized on a number of occasions 
during the study period and was therefore excluded from 
the analysis. A profile of each of the remaining study par-
ticipants is detailed in the supplementary data file.

Group mean (SD) measures of sleep, activity, and mood at 
W1, W6, and W8 are presented in Table 2. In the residents 
exposed to the lighting intervention, there was no improve-
ment observed in sleep metrics from W1 to W6. In those who 
were not exposed, there was a marginal improvement in mea-
sures of sleep from W1 to W6, and there was a further 
improvement at W8. Activity data are only presented for four 
participants in the exposed group as two were immobile. 
These data revealed a decline in mobility from W1 to W6; 
however, there was a substantial increase in activity levels 
from W6 to W8. A similar trend was observed in those not 
exposed to the lighting intervention. Morning mood scores 
were largely unchanged in the group exposed to the lighting 
intervention; however, a small decline in afternoon mood 
scores was observed from W1 to W6 and from W6 to W8. In 
the non-exposed group, a modest increase in morning mood 
scores was observed from W1 to W6; however, afternoon 
mood scores had decreased from W1 to W6. Individual par-
ticipant data are presented in the supplementary data file.

Table 1. Cycled Lighting Intervention Parameters.

Time (24-hour clock) 09.00 to 15.00 15.00 to 20.00

Cylindrical illuminance E
z

1200 lx at 1.2 m 1200 lx at 1.2 m
Correlated color temperature (CCT) 6,500 kelvin (K) 2700–3,000 kelvin (K)

https://journals.sagepub.com/doi/suppl/10.1177/2333721419897453
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Table 2. Measures of Sleep, Activity, and Mood for the Exposed and Non-exposed Group at Week 1 (W1)—Baseline, Week 
6 (W6)—Post Intervention, and Week 8 (W8)—Follow-Up.

Exposed group Non-exposed group

Measurement Variable W1 W6 W8 W1 W6 W8

Time in bed (min) 571.7 (239.7) 492.9 (79.7) 512.1 (273.8) 422.6 (178.5) 430.6 (226.7) 497.9 (363.5)
Total sleep time (min) 522.9 (216.2) 452.3 (79.1) 475.2 (258.2) 386.3 (161.8) 395.4 (203.2) 450.1 (321.3)
Sleep efficiency (%) 92.2 (1.7) 92.1 (3.9) 93.3 (2.4) 92.4 (5.9) 93.1 (5.0) 92.0 (5.0)
Total steps/week 5,738.8 (6,855.9) 4,643.8 (3,733.6) 9,070.0 (14,148.1) 12,877.7 (17,589.9) 7,216.7 (9,774.6) 16,581.0 (24,873.7)
Mood score AM 6.3 (1.8) 6.4 (0.8) 5.7 (1.0) 5.7 (2.3) 6.2 (1.1) 6.2 (1.1)
Mood score PM 6.9 (1.8) 6.5 (0.8) 5.9 (1.0) 6.9 (1.5) 6.3 (1.1) 6.3 (1.1)

Discussion

This pilot study sought to evaluate the effects that a 
lighting intervention has on sleep, mood, and activity in 
older adults living in a nursing home. Overall, the results 
of this pilot study were inconclusive. Some participants 
responded positively to the lighting intervention, while 
others showed no change or a continued decline in the 
recorded measurements of activity, mood, and sleep.

For those participants who did show improvements in 
sleep, these changes were not maintained at follow-up, 
indicating that the lighting intervention needs to be con-
tinued for any long-standing effects. The inconclusive 
findings of this project are in line with previous work. 
Some research has shown positive outcomes following a 
lighting intervention on sleep in older adults living in a 
nursing home environment (Ancoli-Israel et al., 2003; 
Fetveit & Bjorvatn, 2005; Fetveit et al., 2003; Fontana 
Gasio et al., 2003). Others however have shown no posi-
tive effect following a lighting intervention (Ancoli-
Israel et al., 2002; Dowling et al., 2005).

To the authors’ knowledge this is the first report to 
examine the impact of a lighting intervention on the 
activity levels of residents in a nursing home. In the 
group of residents exposed to the lighting intervention, 
four of these were mobile at baseline, and were instru-
mented with a Fitbit device during the study period. 
However, only two out of these four residents showed an 
increase in activity levels from W1 baseline to the W6 
post intervention follow-up. These improvements in 
activity were not maintained once the lighting interven-
tion was complete, indicating that continuous light ther-
apy may be required to produce long-lasting effects in 
those that respond.

There are several possible explanations as to why this 
study produced some conflicting results. First, this study 
enrolled a heterogeneous group of residents who had a 
variety of different conditions and comorbidities. This 
research did not take into account these variations in a 
person. A high proportion of participants in this study 
had ADRD, and there are some factors associated with 
this condition which may have caused them to respond 
in different ways to the lighting intervention. We did not 
use the mini-mental-state-examination to evaluate 
dementia severity; however, the level of dementia in 
some participants may have been more severe than 

others causing them to respond differently. In addition, 
no distinction was made between participants who had 
Alzheimer’s disease and those with other types of 
dementia. Previous research has shown that 2 weeks of 
morning bright exposure decreases nighttime activity in 
patients with vascular dementia but not in those who had 
Alzheimer’s disease (Mishima et al., 1998). This study 
should be replicated in this setting in a more homoge-
neous group of older adults.

In this study the lighting intervention was delivered 
in two communal rooms in the nursing home; however, 
light exposure was not tailored to the individual. 
Residents were free to come and go from the communal 
rooms as they wished. In addition residents, particularly 
those with ADRD, have a tendency to wander away or 
fall asleep during the day in the communal room. 
Therefore, exposure to the lighting intervention was not 
consistent over the course of the study. This is consistent 
with others who have reported similar difficulties admin-
istering lighting interventions in a nursing home setting 
(Ancoli-Israel et al., 2002).

A limitation of this study was the device used to mea-
sure sleep and activity. The Fitbit Alta HR was the device 
selected as it was readily available, and is a relatively 
inexpensive consumer device. The device reported sleep 
periods per calendar day. Total sleep time per calendar 
day was then calculated with no distinction made 
between daytime and nighttime sleep. Future work 
should look at classifying between periods of daytime 
and nighttime sleep. The cohort in this study exhibited 
low levels of activity and typically slow walking speeds. 
Only seven of the residents were able to mobilize, with 
many requiring the assistance of staff or a walking aid to 
walk. Giuliani et al. (2008) reported 0.41 m/s as the 
average gait speed of older adults living in residential 
care. At low gait speeds, the accelerations produced at 
the wrist during gait may not be large enough to be 
detected with a wrist-worn accelerometer, and therefore 
the number of steps could be underestimated. Previous 
work has shown that an ankle-worn accelerometer is the 
most accurate at measuring steps in slow-walking older 
adults and others with impaired mobility (Fulk et al., 
2014; Sandroff et al., 2014; Simpson et al., 2015). 
However, for usability reasons a wrist-worn device is 
more favorable.
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Conclusion

This is the first research to our knowledge to be con-
ducted in an Irish setting to examine the impact of a 
cycled lighting intervention on older adults living in a 
nursing home. Although the results are inconclusive, a 
lighting intervention remains a potentially promising 
intervention in the nursing home setting. Further studies 
with more robust measurements and a more homoge-
neous cohort are required to investigate this further.
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