
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=icbi20

Download by: [UNSW Library] Date: 16 September 2017, At: 13:50

Chronobiology International
The Journal of Biological and Medical Rhythm Research

ISSN: 0742-0528 (Print) 1525-6073 (Online) Journal homepage: http://www.tandfonline.com/loi/icbi20

Effects of differences in the availability of light
upon the circadian rhythms of institutionalized
elderly

José A. Rubiño, Antoni Gamundí, Mourad Akaarir, Francesca Cañellas, Rubén
Rial, Neus Ballester & M. Cristina Nicolau

To cite this article: José A. Rubiño, Antoni Gamundí, Mourad Akaarir, Francesca Cañellas,
Rubén Rial, Neus Ballester & M. Cristina Nicolau (2017): Effects of differences in the availability
of light upon the circadian rhythms of institutionalized elderly, Chronobiology International, DOI:
10.1080/07420528.2017.1356840

To link to this article:  http://dx.doi.org/10.1080/07420528.2017.1356840

Published online: 14 Sep 2017.

Submit your article to this journal 

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=icbi20
http://www.tandfonline.com/loi/icbi20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/07420528.2017.1356840
http://dx.doi.org/10.1080/07420528.2017.1356840
http://www.tandfonline.com/action/authorSubmission?journalCode=icbi20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=icbi20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/07420528.2017.1356840
http://www.tandfonline.com/doi/mlt/10.1080/07420528.2017.1356840
http://crossmark.crossref.org/dialog/?doi=10.1080/07420528.2017.1356840&domain=pdf&date_stamp=2017-09-14
http://crossmark.crossref.org/dialog/?doi=10.1080/07420528.2017.1356840&domain=pdf&date_stamp=2017-09-14


Effects of differences in the availability of light upon the circadian rhythms of
institutionalized elderly
José A. Rubiñoa, Antoni Gamundía, Mourad Akaarira, Francesca Cañellasb, Rubén Riala, Neus Ballestera,
and M. Cristina Nicolaua
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Universitari Son Espases, Institut d’Investigació Sanitaria de Palma (IdISPa), Palma de Mallorca, Spain

ABSTRACT
The aim of this study was to compare the availability of diurnal and nocturnal light in two residences
for aged persons (R1 and R2, Palma de Mallorca, Illes Balears, Spain). We found that the R1 inmates
were exposed to lower amounts of light during waking time and higher amounts during sleeping
time. The main traits of the circadian rhythms and the quality of sleep in the inmates of the two
residences were found to be positively related to the availability of light during waking time and
negatively to the increased light exposure during bed time. In addition, the sleep of R1 inmates
suffered higher disturbances as a consequence of the different policy for nocturnal diapers check and
change. Altogether, these two factors may explain the differences observed in the two residences
regarding the circadian rhythms, health status and quality of life. Two conclusions stem from these
results: (1) the circadian rhythms of aged people are particularly sensitive to the contrast between
diurnal and nocturnal light and (2) the nursing staff of institutions for aged people must receive
specific formation on the best practices for maintaining the circadian health of aged people.
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1. Introduction

The input of the human circadian system depends
on specific retinal ganglion cells that send the
photic signal, through the retino-hypothalamic
tract, to the central pacemaker, the hypothalamic
suprachiasmatic nucleus (SCN) (Moore et al.,
2002). Then, the output of the SCN drives the
secretion of pineal melatonin during the dark per-
iod. Melatonin is thus the main effector of the
circadian system and the main indicator of the
rhythmic activity of the whole organism
(Brainard et al., 1983; Honma et al., 1992).

The entrainment of the endogenous clock allows
maintaining an appropriate phase between the envir-
onmental time and the activity of the suprachias-
matic clock. The capability for entrainment is a
fundamental property of circadian systems by
which the phase of the internal clock (τ) is synchro-
nized with the phase of the entraining stimuli (T)
according to the 24-h light–dark geophysical cycle.

The factors with capacity to entrain the biologi-
cal clocks are known as Zeitgebers. Daily exposure

to environmental light as well as its timing inten-
sity, rate of change, duration and spectrum are the
most important traits of the synchronizing proper-
ties of light (Binkley, 1981; Czeisler et al., 1989;
Duffy, 2005; Pauley, 2004; Wever, 1985). Other
periodical cues, such as the environmental tem-
perature, exercise, social contacts, sleep habits and
feeding, also contribute to the entrainment of the
circadian system (Monk, 2010; Safi and Hodgson,
2014).

The output of the circadian clock also depends
on other internal and environmental factors that
can cause immediate, short-term effects on the
rhythmic physiological functions and are called
masking factors. They can be de-masked in con-
stant routine experiments (Minors & Waterhouse,
1984). For instance, in natural environments, the
amplitude of the circadian body temperature
rhythm may show transitory alterations because of
body position, actual light exposure, environmental
temperature and sleep (Martinez-Nicolas, 2013).

While a single, short exposure to a Zeitgeber
causes effects that persist for many cycles,
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reductions in the total amount of light blunt the
amplitude of the circadian rhythm (Mishima et al.,
2001). This in turn may cause a number of phy-
siological and psychological conditions, standing
out among them the metabolic syndrome (Maury
et al., 2010) with its associated constellation of
physiological disturbances, and the increased fre-
quency of certain types of cancer (Stevens et al.,
2007). With respect to the psychological conse-
quences of the disturbances in the circadian
rhythms, negative mood (Wirz-Justice et al.,
2009a), depressive symptoms (Canellas, 2015)
and the seasonal affective disorder (Lam &
Levitan, 2000; Magnusson & Boivin, 2003) are
perhaps the most significant.

Despite its importance, the availability of envir-
onmental light may be, on occasions, less than
optimal. This is particularly important during win-
ter at high latitudes, but they can also be of sig-
nificance in institutionalized elder in temperate
regions living in closed spaces, with low light
availability, a problem which should be added to
the consequences of normal aging (Ancoli-Israel
et al., 1989; Campbell et al., 1988). Indeed, an
adequate exposure to light is essential for institu-
tionalized elder people to prevent mental degen-
erative conditions, and to avoid memory
deterioration, impaired cognitive capacity, anxiety
and negative mood (Campbell et al., 1988; Hood
et al., 2004; Shochat et al., 2000).

Taking into account these facts, the present
report aims to obtain evidence of the importance
of light on the main indicators of the rhythmic
activity in two samples of aged subjects living in
different institutions with different availability of
natural light.

2. Material and methods

2.1. Institutions

The participants were institutionalized in two dif-
ferent residences located in the island of Mallorca
(latitude: ~40°N). The study was performed during
two consecutive weeks, between April and May
(spring) with a mean of 60% of sunny days, 14°C
(night) and 21°C (day) and ~13.2 h of daylight.
The institutions were built in 1982 (R1) and 2007
(R2) and show important differences in

architectural design. In summary, R2 has wider
window openings and a higher open court surface.
This resulted in higher sunlight availability, both
in common areas and in bedrooms.

The general and sanitary policies of the two
residences were similar during waking time, both
with well trained and experienced caregivers and
under similar medical attendance. R1 is run by a
nonprofit and public organization (IMAS,
Majorcan Institute of Social Affairs) dependent
on the local Government. On the contrary, R2
belongs to a private organization (SARquavitae).
Most sleeping rooms in R2 are for single or double
occupancy whereas in R1, most subjects share
their room with two to three inmates.

Important differences have been found in light
exposure during night time. In R1, the rooms were
continuously exposed to the light of the nearby
aisles that remain on during the entire night. The
diapers of most residents are changed at least once
every night in both residences. However, this task
was regularly performed with full lights on in R1,
whereas in R2, the change of diapers was always
performed under dim illumination.

2.2. Subjects

A total of 30 institutionalized subjects of both sexes,
with a mean age 78.5 ± 5.6 years, were selected for
the study. The inclusion criteria were mild cognitive
impairment (Minimental test rate ≤26), absence of
mobility reductions and absence of pathologies that
could modify their circadian rhythms. During the
tests, all participants continued taking their usual
treatment. Their demographic and sanitary traits
are summarized in Table 1.

All participants and caregivers received complete
information about the purpose and characteristics
of the study and signed an informed consent form
before being included. All procedures were per-
formed under permission of the Ethical Committee
for Research of the Balearic Islands Government
(IB/1409/10 PI).

2.3. Methods

2.3.1. Environmental light-exposure recording
The accumulated amount of light impinging in the
diverse rooms of each institution was recorded using
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HOBO pendants, (Light Data Loggers UA-002-64,
Onset Computer, Bourne, MA, USA). The sensor
was placed hanging in the centre of the sleeping
rooms and also in common closed and open spaces
at an altitude of ~200 cm from the floor. According
to the manufacturer’s specifications, the data loggers
have a measurement range comprised between 0 and
320,000 lx, (Martinez-Nicolas et al., 2011). For the
study, the sensors were programmed to sample the
illumination every 10 min during 14 days.

In addition, the amount of light received by each
participant was also recorded for the same 14 days
with the sensors described for measuring the light
in the rooms but placed as neck pendants over the
subject’s clothes during waking time and on the
bedside table during sleep. After ending the experi-
ments, the information stored in the sensors was
downloaded to the computer for off-line analysis.

2.3.2. Wrist skin-temperature measurement
The wrist temperature (WT) rhythm was continu-
ously assessed during the same period using tem-
perature sensors (Thermochron iButton DS1921H,
Dallas, Maxim) with a sensitivity of 0.1°C and
programmed to sample the temperature every 10
min. They were attached to a cotton sport wrist-
band, with the sensor surface placed over the
inside of the wrist over the radial artery of the
nondominant arm (Sarabia et al., 2008). At the

end of the recording period, the information
stored in the temperature sensors was downloaded
to the computer for off-line analysis. The use of
WT as a proxy of the inverse of core temperature
constitutes a good, reliable and minimally invasive
method for evaluating the circadian rhythm of
body temperature (Ortiz-Tudela et al., 2010;
Sarabia et al., 2008).

2.3.3. Sleep quality tests
The quality of the sleep of the inmates was
assessed by responding to the Oviedo question-
naire (García et al., 2000) that has been validated
to quantify sleep satisfaction as well as nocturnal
insomnia and diurnal hypersomnia levels. The
questionnaire (in Spanish) has been included as
supplementary data.

2.3.4. Activity recording
The movement of the subjects was continuously
assessed during the experimental period using acti-
meters (Hobo Pendant G Acceleration Data Logger,
MA, USA) placed on the nondominant arm by
means of a sports band, with its X-axis parallel to
the humeral bone length (Ortiz-Tudela et al., 2010).
The actimeter consisted in a three-channel accelera-
tion logger with 8-bit resolution that can record up
to 21,800 combined X, Y and Z axis accelerations.
The sensor was programmed to record data every 60

Table 1. Demographic data and sanitary state of the subjects.
R1 R2

Subjects Age Gender MMSE Diagnose Subjects Age Gender MMSE Diagnose

1 77 F 25 HAP 1 86 F 26 HAP
2 70 F 25 MCD 2 86 F 17 MAD, HAP,DID, DLP, OP, AX
3 79 F 24 MCD 3 82 F 20 ARH
4 80 F 25 HAP, AX 4 80 F 25 CP, OP
5 73 M 25 MAD 5 80 F 24 IX, HTY
6 81 F 23 CP 6 97 F 18 HAP, OA, MAD
7 83 F 24 MCD 7 83 F 20 MAD
8 84 F 23 MCD 8 72 M 22 CCP
9 74 F 25 MCD 9 73 F 25 DID, HAP, CP, DLP, OP
10 72 F 25 MAD 10 84 F 25 HAP, DLP, OP, MCD
11 87 F 25 MAD 11 91 F 21 CCI, DLP, AR
12 82 F 19 MAD 12 81 F 25 MCD
13 76 M 19 MAD 13 81 F 25 MCD
14 81 F 18 MAD 14 79 F 25 MCD

15 78 F 24 MCD
16 83 M 24 MCD

MMSE: Minimental rate; HAP: high arterial pressure; MCD: mild cognitive disorder; AX: anxiety; MAD: mild Alzheimer disease; DID: insulin-dependent
diabetes; DLP: dislipemia; OP: osteoporosis; CA: cardiac arrhythmia; ICP: ischemic cardiopathy; AR: arthrosis; IC: ictus; HTY: hypothyroidism; ACA:
acute cerebrovascular accident cardiovascular; CP: chronic pain; OA: osteoarthrosis.
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s. As in the case of light and temperature, the infor-
mation stored in the actimeter was downloaded after
the end of the experiments for further analysis.

All participants were encouraged to maintain
their normal lifestyle. They were allowed to move
freely through the different spaces of the institu-
tion with the possibility of staying in the open air.
The participants and/or caregivers were instructed
to complete a sleep agenda with information on
sleep onset and offset time as well as the time and
duration of eventual naps. However, the reliability
of the sleep agenda was rather low and has not
been included in the results of the present report.

2.3.5. Data analysis
The information stored in actimeters and light sen-
sors was transferred through an optical USB Base
Station system using the software, HOBO-Ware 2.2,
provided by the manufacturer. The information
stored in the activity sensor was downloaded using
the software Viewer 3.22 (Ortiz-Tudela et al., 2010).

In order to eliminate artefacts, for instance, those
due to temporary removal for daily hygiene, all data
were filtered to remove periods of zero activity
counts. Also, the data showing more than 3 stan-
dard deviations (±3 SD covers 99.7% of normally
distributed data) were deleted (Ortiz-Tudela et al.,
2010). As some subjects returned home at week-
ends, their daily routine was lost. In these cases,
their weekend data were also eliminated. The whole
procedure for rejecting artefacts was validated in
2008 and again in 2010 (Ortiz-Tudela et al., 2010;
Sarabia et al., 2008). To normalize the activity data,
the original 60 s data were accumulated every 10
min and the resulting activity was assigned to the
time interval of light and temperature data.

Regarding the conversion of the data for later
analysis, the light intensities were expressed in Lux
(lx). The motor activity was expressed as degrees of
position change per minute by dividing original
values by 10. The WT was expressed in degrees
Celsius.

To facilitate the comparison of the circadian data,
two periods were considered according to the wake
and sleep routine which was the same in the two
residences. The wake time was from 7:00 to 20:50 h
and the bedtime from 21:00 to 6:50 h.

WT and motor activity rhythms were ana-
lysed, first using the parametric cosinor and

Rayleigh tests. For the graphical representation
of the cosinor, we used the program “Ritmes®”
(Diaz-Noguera, Universitat de Barcelona, Spain).
The test provides an r vector with its origin at
the centre of the 24-h circumference. The cosi-
nor adjustment fits the data to the best 24-h
sinusoidal regression line and provides the
mesor, the acrophase, the amplitude and the sig-
nificance of the rhythm. The mesor is the aver-
age value around which the variable oscillates.
The acrophase is the time of day when the high-
est point of the fitted-cosine curve occurs. The
amplitude is the difference between the mesor
and the peak of the waveform function fitted to
the data (Diez-Noguera, 2006; Haffen, 2009).
These parameters were individually calculated
for motor activity and WT and for every subject
and then were averaged for each group. In addi-
tion, we used the Circadianware® integrated soft-
ware package for temporal series analysis (J.A.
Madrid, Universidad de Murcia, Spain). The
Rayleigh coefficient (r) was calculated after fit-
ting the data to a cosine function with a period
of 24 h using least-squares data. The r vector
length (between 0 and 1) is proportional to the
degree of phase homogeneity during the period
analysed and can be considered to be a measure
of the rhythm’s phase stability during successive
days (Baschelet, 1981).

Both Cosinor and Rayleigh tests assume that the
rhythm is sinusoidal. However, many circadian
rhythms in humans, for instance, WT, are not
sinusoidal. In consequence, nonparametric ana-
lyses were also performed. This allowed the calcu-
lation of three additional variables defined as
follows (Carvalho-Bos et al., 2007; Van Someren
et al., 1997, 1999):

IS (inter-day stability) which quantifies the regular-
ity or the consistency of the rhythmic pattern and
varies between 0 for Gaussian noise and 1 for a
perfect stability.

IV (intraday variability) which quantifies the
fragmentation of the rhythm and varies between 0
when the wave is sinusoidal and 2 for Gaussian
noise.

RA, or relative amplitude, is calculated as the
average difference between the M5 (5 consecutive
hours of maximum values) and the L10, (10 con-
secutive hours of minimum values), divided by the
sum of M5 and L10 for WT, as well as the difference
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between the M10 (10 h of maximum values) and the
L5 (5 h of minimum values) divided by the sum of
M10 and L5 for motor activity.

CFI, or Circadian Function Index, was calculated
from the average of the three variables, IS, IV and
RA, and oscillates between 0 (absence of circadian
rhythmicity) and 1 (a robust circadian rhythm)
(Ortiz-Tudela et al., 2010).

These parameters were individually obtained from
each subject and were calculated for motor activity
and WT. Then, they were averaged for each
residence.

To compare the levels of light, activity and WT
between residences and between light and dark
time, we used the Student T test after assessing
for normality with the Kolmogorov–Smirnov test.
We rejected the null hypothesis when p<0.05%.

3. Results

Figure 1 shows the averaged intensity of light
exposure in the main common spaces (therapy
room, dining room, cafeteria etc.) from 07:00 to
20:50 (marked as wake time in the graph), whereas
the light recorded during bed time (from 21:00 to
06:50) corresponds only to the sleeping rooms.
The inset table shows the averaged intensity of

light as recorded during total wake and sleep
time corresponding to the normal time schedule
of the two residences.

The amount of light intensity recorded in R2
during wake time was much higher in the middle
of the morning, with light intensities almost reach-
ing the 2500 lx at noon. In contrast, the light in the
R1 never exceeded 1400 lx and the difference
between both residences was significant (p <
0.02). On the other hand, the light levels showed
almost no changes from 18:00 to 00:30 (approx.)
in R1 and total darkness was never reached during
the whole night, with values oscillating around 200
lx. In contrast, the light levels were constant, with
minimal values (~20 lx) in R2 during bed time, a
highly significant difference when compared with
R1 (p < 0.000).

Figure 2 shows the averaged light intensity
recorded by light sensors placed as neck pendants
in every subject, during wake time, from 07:00 to
20:50, and from 21:00 to 06:50 (bed time). In
correspondence with the amount of light recorded
in the common rooms and dormitories, the
amount of light perceived during waking time
was lower in R1, but the difference was inverted
during bedtime, with highly significant differences
in both cases.
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RESIDENCE 1 
RESIDENCE 2 

RESIDENCE 1 
Mean ± SD 

RESIDENCE 2 
Mean ± SD 

AI light time (lx) 1016.4 ± 18.4 1188.7 ± 86.8 p< 0.02 

AI dark time (lx) 460.1 ± 36.5 19.9 ± 0.8 p= 0.000 

Figure 1. Averaged light intensity ± SD recorded in the common spaces in the two residences during waking time (white bar) and in
sleeping rooms during bed time (black bar). The peak corresponding to R1 is much lower during wake time and, in addition, the
lights were put off at 01:00, when the inmates were supposedly sleeping under dark since 21:00. AI: Average intensity.
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Figure 3 shows the average ± SD of light
received during the whole/24 h cycle. For the
sake of clarity, this figure has been subdivided in
Figures 4 and 5 showing the light perceived during
morning (Figure 4) and evening (Figure 5).

Figure 4 shows the average ± SD amounts of light
intensity received by subjects during morning (from
07:00 to 15:00). The occasional up and down peaks
appearing on both groups correspond to room
changes for common activities as performed in

each residence. The figure shows that the light per-
ceived by subjects from 9:00 to 14:00 h is consistently
higher in R2 (p < 0.000). However, the difference
vanished between 14:00 and 15:00, the lunchtime,
when the subjects of the two residences stayed in
dining rooms under similar artificial illumination.

Figure 5 shows the exposure to light during
bedtime for the two groups. The R1 inmates
received higher amounts of light in the first half
of the night. In addition, sudden peaks of light
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Mean ± sem 

AI (lx) waking time 515.7 ± 33.1 815.7 ± 49.1 p= 0.003 

AI (lx) bed time 55.0 ± 5.4 17 ± 0.99 p= 0.000 

Figure 2. Averaged intensity of light ± SEM as recorded by light pendants placed in the neck of the subjects. The total light intensity
received during waking time was significantly higher (p = 0.003) in R2 subjects during waking time, while the difference was
inverted during sleeping time (p = 0.000). AI: Average intensity.

Figure 3. Averaged light intensity ± SD perceived by subjects in the two residences along the 24 h. The dotted segments placed
under the graphs show significant differences (p < 0.05). AI: Average intensity.
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intensity were often recorded and the lights-on
period always began 1 h earlier (06:00) in R1,
when compared with R2 (07:00) in which the
light levels during bed time never surpassed 30 lx.

Highly significant differences (p < 0.004 during
wake time and p < 0.000 during bed time) in
motor activity were found between the two

residences (Figure 6). During the day, R2 subjects
were more active than R1. However, the pattern
was the opposite during bedtime, with decreased
rest in R1 inmates (see inset).

Figure 7 represents the 24-h cosinor dia-
grams corresponding to the WT of subjects of
both residences. The subjects staying in R1

RESIDENCE 1 
Mean ± DS

RESIDENCE 2 
Mean ± SD

AI (lx)                      578.7 ± 40.8 1070.7 ± 50.1 p=0.000

Figure 4. Averaged light intensity ± SD perceived by subjects in the two residences during the first half of the wake time, from 07:00
to 15:00. The dotted segments placed under the graphs show significant differences (p < 0.05). AI: Average intensity.
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RESIDENCE 1
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Mean ± SD

AI (lx) 17.05 ± 0.99 p=0.00055.03 ± 5.4

Figure 5. Averaged light intensity ± SD perceived by subjects in the two residences from 21:00 to 06:50. The R1 subjects were
exposed to significant amounts of light until 00:30, when the lights were effectively turned off. Nevertheless, the lights were
occasionally put on between 03:00 and wake time. On the contrary, the light was permanently off during the entire sleeping time in
R2. AI: Average intensity.
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show no significant circadian pattern (p < 0.43,
ns, 0.17% explained variance) with no signifi-
cant wake-bed time difference (two-tailed T
test, p < 0.074, ns; means: wake, 34.29; bed,
34.39). On the other hand, the WT of subjects
staying in R2 showed significant 24 h cyclic
oscillations (p < 0.000, 32.4% explained var-
iance) with lower WT during wake time (two-
tailed T test, p < 0.001, means: wake, 33.88; bed
34.71). In addition, R2 subjects showed evident

dips during wake in correspondence with the
time of the main meals.

Table 2 shows the results obtained from the
Oviedo test, for assessing hypersomnia, insomnia
and sleep quality. Taking into account that the
questionnaire rates the hypersomnia and the
sleep satisfaction between 1 (minimal) and 9 (max-
imal) and the nocturnal insomnia between 1 and
45, the final figures recorded in both residences
were rather discrete, far from optimal levels.

Figure 6. Averaged ± SD plot of the activity across 24 h cycle as recorded by arm activity-meters placed in every subject in the two
residences. Activity showed significant daylight differences with higher the total activity in R2 (p = 0.004) during wake time and
lower during bed time (p = 0.000). The inset shows the activity as degrees of movements/min ± SEM. AA: Average activity

Figure 7. Polar representation of the 24 h oscillations in WT in the two residences. The WT of R1 inmates showed random
oscillations with no significant circadian rhythm (p < 0.43). On the contrary, the R2 subjects showed a robust circadian rhythm (p <
0.000) that, during light time, was superimposed to a 4–5-h oscillations related to the meals: breakfast (09:00), main meal (14:00)
and dinner (20:00).
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Nevertheless, in spite of showing no difference in
sleep satisfaction, the subjects of R2 showed lower
diurnal hypersomnia (p < 0.04) and nocturnal
insomnia (p < 0.02).

Table 3 shows the general results of the analysis
of circadian rhythms in the two residences.
Considering that no significant circadian cycle
was recorded for WT, analyzing the differences
in circadian parameters (Mesor, amplitude, acro-
phase and CFI) between residences has no sense.
By contrast, R2 inmates showed higher amplitude
and delayed acrophase in activity. Regarding the
nonparametric tests, the IS and the RA were
always higher in R2 while the IV was lower.
Nevertheless, considering the absence of circadian
rhythm in R1, their meaning also lacks interest.

4. Discussion

We studied the effects of light availability on the
circadian rhythms in old people staying in two
institutions, R1 and R2. The morning daylight
recorded in the main dependences and in the
personal pendants of the R2 residents was higher,
with significant differences. The sign of the differ-
ences was reversed during night time, with signifi-
cant light levels (600–800 lx, Figures 1 and 4) from
~17:00 to ~00:30. Oppositely, the light in R2 was
reduced from 21.00 onwards (<20 lx), resulting an
even higher total difference between wake and
resting time. Summarizing, the R1 residents prob-
ably suffered light deficits during daytime and

excesses during night time, differences which
should be causal for the observed impairments in
the circadian regulation (Table 3).

The capacity of the SCN clock to maintain the
physiological synchrony is extremely sensitive to
deficits in morning light (Minors et al., 1991; Rüger
et al., 2013). In addition, the circadian system shows
age-related impairments (Hofman & Swaab, 2006;
Iguchi et al., 1982; Skene & Swaab, 2003). The period
(τ) of the circadian rhythms with the geophysical
cycles (T) also depend on external masking factors
that add or subtract from the light effects, thereby
reinforcing or blunting the clock activity (Martinez-
Nicolas et al., 2013; Weinert, & Waterhouse, 2007).
Consequently, the significant day–night light differ-
ences of R2 aided to maintain their rhythms despite
their presumably weak circadian system. Oppositely,
the blunted day–night differences in illumination
must have counteracted the residual activity of the
internal clock of R1 inmates and weakened their
circadian rhythms. Table 3 shows the differences in
the most important parameters of the rhythm, with
lower absolute and RA, lower IS and higher IV in R1
residents. However, these changes have low signifi-
cance taking into account the absence of rhythms in
R1. Nevertheless, we found important score reduc-
tions in CFI, amplitude and IS, as well as increases in
IV in R2 subjects when compared with previous
reports (Carvalho-Bos et al., 2009; Luik et al.,
2013). According to Oosterman et al. (2009), these
impairments could result from the highmorbidity of
our subjects (see Table 1).

Table 2. Results of the Oviedo sleep questionnaire.
Diurnal hypersomnia Sleep satisfaction Nocturnal insomnia

Residence 1 7.3 ± 0.54 3.9 ± 0.46 28.53 ± 1.46
Residence 2 5.02 ± 0.53 4.4 ± 0.45 23.45 ± 1.94
p Value p < 0.04 Nonsignificant p < 0.02
Mean population Non-available 4.44 ± 1.49 27.74 ± 5.7

All indexes have been expressed as mean ± SEM.

Table 3. General results of the analysis of circadian rhythms in the two residences.
Temperature Mesor Amplitude Acrophase Rayleigh IS IV RA CFI

Residence 1 na na na 0.79 ± 0.04 0.51 ± 0.04 0.17 ± 0.04 0.027 ± 0.005 0.52 ± 0.04
Residence2 34.22 ± 1.65 1.77 ± 0.17 1:22 ± 0:21 0.97 ± 0.02 0.56 ± 0.04 0.13 ± 0.01 0.060 ± 0.006 0.52 ± 0.01
p Value R1–R2 ns ns na 0.001 0.05 0.001 0.001 ns
Activity
Residence 1 14.57 ± 0.76 6.56 ± 0.8 13:45 ± ± 0:24 0.74 ± 0.06 0.32 ± 0.02 0.94 ± 0.05 0.61 ± 0.05 0.48 ± 0.04
Residence2 14.76 ± 1.36 6.79 ± 0.7 14:38 ± 0.40 0.79 ± 0.05 0.46 ± 0.02 0.79 ± 0.09 0.75 ± 0.07 0.54 ± 0.01
p Value NS NS 0.012 0.05 0.03 0.000 0.003 0.03

All indexes have been expressed as mean ± SEM. ns: Nonsignificant; na: non-applicable.
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Aiming at minimally invasive procedures, we only
recorded general activity, sleep quality and WT
which exhibits an inverse phase with core tempera-
ture and represents a noninvasive, robust and easy to
register index of the circadian rhythms (Martinez-
Nicolas, 2013; Ortiz-Tudela et al., 2010). In this
regard, the oscillations in WT of R1 inmates were
severely blunted (see Figure 7), with no significant
rhythm (p < 0.43). Contrasting, the R2 inmates
showed a robust rhythm (p < 0.000).

An unexpected result was the meal-related dips in
the WT rhythm of R2 subjects (Figure 7). Similar
oscillations have been recorded in healthy subjects
after food ingestion, accompanied by doubling the
splanchnic blood flow, risings in heart activity,
together with falls in peripheral blood flow (Mathias
& Bannister, 2013). These responses resulted from
sympathetic activity which causes postprandial hyper-
metabolism and peripheral hyperthermia (Blessing
et al., 2012; Mathias & Bannister, 2013; Silver &
Balsam, 2010; Székely, 2000). Indeed, postprandial
hypotension has been observed in institutionalized
elder (Lipsitz et al., 1993; Luciano et al., 2010) and is
associated to falls, syncope, coronary events and total
mortality (Aronow & Ahn, 1994, 1997; Fisher et al.,
2005; Puisieux et al., 2000). Thus, the presence of
meal-related WT oscillations in R2 inmates suggests
a healthy response of their autonomic system, while
their absence in R1 should indicate poor autonomic
regulation and increased health risks. Indeed, weak-
ening the Zeitgebers reduces the circadian synchroni-
zation (Brum et al., 2015; Minors & Waterhouse,
1984; Wever, 1985) which can lead to the metabolic
syndrome (Garaulet et al., 2009; Gomez-Abellan et al.,
2008; Staels, 2006), with the consequent increase in
pathological risk in old people (Karasek, 2004). Thus,
R1 inmates showed a probable autonomic dysregula-
tion that, by itself, is a sign of metabolic syndrome
(Licht et al., 2013; Vinik et al., 2011).

We observed an extremely long duration of
bedtime in both residences (600 min).
Contrasting, the total sleep time in healthy,
60–70 years old people is around 360 min
(Kurina et al., 2015; Wilckens et al., 2014).
Assuming a sleep efficiency of 77.5% (Dijk et al.,
1999), the total bed time for healthy aged persons
should average less than ~465 min and recent
studies show that increasing bed-time in aged
people may decrease sleep drive, cause low sleep

continuity and depth and may be detrimental for
cognition (Wilckens et al., 2014). Indeed, this may
explain the low sleep quality recorded in both
residences. The main sleep disturbances recorded
in elder are nocturnal insomnia and excessive
diurnal sleepiness, in coincidence with the goal of
the Oviedo sleep questionnaire (OSQ). However,
the OSQ has been used mostly to evaluate sleep
complaints in depressive patients and only a single
study applied the QSQ to old people (Martinez-
Guerrero et al., 2014). Sadly, this study only
reported the sleep satisfaction (mean ± SEM: 4.44
± 1.49) and insomnia (mean ± SEM: 27.74 ± 5.7).
So, the subjects of the present study remain within
the normality (see Table 2) in spite of keeping
significant differences between residences. So, our
report is the first one studying the diurnal hyper-
somnia in institutionalized aged subjects. It is
known that the main traits of sleep in healthy old
people are not different from those of normal
adults; the increased morbidity in aged people is
related to other physical and mental disturbances
(Bliwise et al., 1992; Charles III et al., 1991; Vitiello
et al., 2002). Indeed, the subjects of the present
study suffered many comorbidities (see Table 1)
which may have increased the sleep complaints.
However, it is noteworthy that the differences
between R1 and R2 in nocturnal insomnia and in
diurnal sleepiness were statistically significant (p <
0.02 and p < 0.037, respectively). Most likely, they
should be attributed to the differences in light
exposure. Remarkably, the excessive daytime slee-
piness is a predictor of cognitive impairment
(Jaussent et al., 2012; Ohayon & Vecchierini,
2002), which stress the importance of light in
institutionalized old people.

Further, the night-time incontinence-related
practices cause important sleep disturbances in
institutionalized elderly (Vitiello & Borson, 2001)
and, surprisingly, the R1 staff seemed to ignore the
importance of dark during sleep time.
Undoubtedly, both residences were attended by
professionals highly concerned with the well-
being of the residents. This problem has been
widely recognized (Bliwise et al., 2009; Ouslander
et al., 1998; Schnelle et al., 1998, 1999) and adding
the delayed lights-off time, the occasional peaks of
light recorded during the second part of the night
and the intrusion of the caregivers must have
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further contributed to the impairments in circa-
dian rhythms and sleep continuity of R1 residents
(Haimov et al., 1994; Huang et al., 2002).

Some effects on nocturnal activity and sleep
quality should have been expected given the dif-
ferences in room sharing. However, after analyzing
the difference between rooms with single and mul-
tiple occupancy in R1 (data not shown), we found
no significant difference neither in general activity
nor in sleep quality. Indeed, the procedures for
diapers check-change were simultaneously per-
formed by several caregivers in every room and
the time and the light exposure seemed to be
constant, irrespective of the room occupancy.

Concluding, the different exposure to light most
likely was responsible of the differences in circa-
dian rhythms, sleep quality, circadian disruption,
probable autonomic dysfunctions and the eventual
metabolic syndrome in R1. On the contrary, the
high availability of morning light and the low
exposure during dark time allowed maintaining
good circadian rhythmicity, better sleep quality
and improved autonomic function, for R2 resi-
dents, altogether indicative of a better health and
quality of life. As an additional interesting conclu-
sion, the WT seems to be useful for the diagnosis
of autonomic imbalances and a proxy of the health
status of aged people.

The problems of R1 arise from the obsolete archi-
tectural design of the building (Bullough et al., 1996,
Canellas et al., 2015) and stress the importance of high
light exposure in public buildings and, in particular, in
those dedicated to health care. A solution to this
problem could lie in modifying the luminaries. It
has been found that the morning exposure to artificial
bright light with high contents of blue wavelength
causes significant improvements in affective disorders
(Tewary et al., 2016; Wirz-Justice et al., 2009a; Wirz-
Justice, 2009b; Wirz-Justice et al., 2013), in alertness
during wake (Campbell et al., 1995a), in sleep quality
(Campbell et al., 1995b) and in age-related distur-
bances (Campbell et al., 1995c; Fetveit et al., 2003;
Gehrman &Ancoli-Israel, 2016; Van Someren, 2000).
Another source of problems lies in the poor nursing
practices during nighttime (Ancoli-Israel et al., 1989;
Ouslander et al., 1988; Schnelle et al., 1999) and shows
the need of developing specific training programs
both for residents and caregivers (Midorikawa et al.,
2013; Tewary et al., 2016).
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