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Abstract
Disturbances in the circadian activity rhythms (CARs) of inpatients in rehabilitation facilities delay the recovery of physi-
cal and mental functions. The purpose of this study is to elucidate the circadian activity rhythms of hospitalized patients 
in a rehabilitation facilitie using the synthetic periodic regression analysis, and investigate the relationship between their 
physical activity levels and CARs.An observational study was conducted. A group of thirty-four inpatients participated 
in the study by wearing wrist-type activity monitors to measure metabolic equivalents (METs). Using synthetic periodic 
regression analysis, the CARs were analyzed based on the amount of physical activity throughout the day, and the exercise 
intensity classification of their physical activity was assessed. In the CARs of the inpatients, the mean physical activity level 
was 1.23 ± 0.09 METs. The maximum amount was 1.36 ± 0.15 METs. The range was 0.30 ± 0.15 METs. The maximum 
phase time was 11:48 ± 2:31 h. The longer the duration of physical activity over 1.6 METs, the higher the mean, maximum 
and range of the CARs. Physical activities with a METs level of 1.6 or higher might have an impact on the mean, maximum, 
and range of circadian activity rhythms in hospitalized patients.
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Introduction

The circadian activity rhythms (CARs) of patients may be 
disrupted by hospitalization. This is because their lifestyle 
changes after admission, they experience stress, and may 
develop sleep disturbances [1, 2]. Especially in elderly 
patients, their CARs are more likely to be disrupted after 

hospitalization because their physical and mental functions 
have declined, making it difficult for them to adapt to the 
new lifestyle [3]. The disruption of the CAR delays the 
recovery for elderly inpatients with cerebrovascular, ortho-
pedic, and other diseases who receive occupational therapy 
(OT) and physical therapy (PT) [4, 5]. Therefore, therapists 
need to understand the CARs of elderly inpatients.

There are several methods for assessing activity rhythm. 
These methods include conducting self-administered ques-
tionnaires [6], measuring electroencephalography [7], and 
measuring physical activity amount [8–10]. Among the vari-
ous methods, using the activity logger for evaluating activity 
rhythm is recommended [11]. This method is less burden-
some for patients and allows for continuous measurement 
of objective indices over a long period. In particular, the 
CAR evaluation using the 24-h or 12-h periodic regression 
analysis has proven to be effective [8–10].

The 24-h periodic CAR evaluation utilizes cosinor anal-
ysis [12–15], which quantifies and visually demonstrates 
CARs. However, it can sometimes mismatch the subject's 
original activity data [16], as it assumes that humans are 
only active with a 24-h or 12-h cycle per day [17–20]. In 
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reality, people have multiple circasemidian cycles, including 
both a 24-h and a 12-h cycle [19, 21]. Therefore, analyz-
ing CARs using both 24-h and 12-h cycles is necessary for 
accurately assessing inpatient CARs [22, 23]. Despite its 
importance, previous studies analyzing CARs for inpatients 
using both 24-h and 12-h periodic regression analysis are 
limited. It is crucial to comprehend inpatient CARs through 
24-h and 12-h synthetic periodic regression analysis.

Furthermore, the CARs are analyzed based on the daily 
activity amounts of the patients, making it influenced by 
the activity itself. Clarifying the relationship between 
activity amounts and CARs can provide insights into the 
physical activity approaches of occupational therapists and 
physiotherapists, as well as suggestions for how hospital-
ized patients spend their time on the ward. Therefore, it was 
decided to investigate the relationship between CARs and 
activity levels.

The hypothesis is that activity levels are low, peak activ-
ity times are during the day in the CARs of hospitalized 
elderly patients and the CARs are related to physical activity 
amount [10, 24]. The purpose of this study is to elucidate 
the circadian activity rhythms of hospitalized patients in 
rehabilitation facilities using the synthetic periodic regres-
sion analysis, and investigate the relationship between their 
physical activity levels and CARs.

Materials and methods

Participants and recruitment

Participants were recruited from stroke or motor disease 
patients admitted to a rehabilitation facility between June 
1, 2018, and May 30, 2021. These patients were transferred 
from an acute care hospital to the rehabilitation facility. In 
order to be included in the study, participants needed to be at 
least 65 years old and score 24 or higher on the mini-mental 
state examination (MMSE) [25]. Those with severe immo-
bility, significant memory defects, aphasia, or consciousness 
disturbance were excluded from the study. Ultimately, 34 
patients met the inclusion criteria and provided informed 
consent to participate. The study protocol was approved 
by the local ethical committee of Hospital A in Toyonaka, 
Japan (ethical numbers: 2018–06 and 2019–04). Data col-
lection for each individual began one month after hospi-
talization to allow participants to become familiar with the 
hospital's daily schedule.

The daily schedule and environment

The subjects spent their hospitalization following the 
hospital's schedule. At 7 a.m., the lights came on, and 
they proceeded to the dining room on the same floor of 

the ward to have breakfast by 7:30 a.m.. For those who 
were unable to move independently, hospital staff assisted 
them in moving to the dining room. After breakfast, they 
brushed their teeth and used the restroom before returning 
to their rooms. Between 9 a.m. and 12 p.m., the subjects 
received one rehabilitation session. During the time out-
side of rehabilitation sessions, they spent their time lying 
down or sitting on the bed in their rooms. At 12 p.m., 
they went to the dining room for lunch. After lunch, they 
brushed their teeth and used the restroom before returning 
to their rooms. From 1 p.m. to 5 p.m., two rehabilitation 
sessions were conducted. During the time outside of these 
sessions, they rested on their beds or sat in their rooms. 
At 6 p.m., they had dinner in the dining room, and after 
brushing their teeth and using the restroom, they returned 
to their rooms. They settled into bed by the lights-out time 
at 10 p.m.. Rehabilitation sessions, such as OT and PT, 
were conducted for 40 to 60 min per session. The sub-
jects engaged in physical activities like stretching, strength 
training, and walking exercises, as well as activities of 
daily living (ADL) training. In their rooms, they had the 
freedom to engage in leisure activities, such as watch-
ing TV, listening to the radio, or reading around the bed 
area. However, for safety reasons, they were not allowed 
to freely go outdoors.

The illuminance in the hospital was measured using a dig-
ital lux meter (HOLDPEAK 881E, HOLDPEAK, Chaina). 
The illuminance in the hospital rooms was 300–350 Lux at 
eye level when lying in bed or sitting in bed during the day, 
and 1–5 Lux at eye level when lying in bed late at night. 
The illuminance in the platform or corridor of rehabilitation 
room during the day was 400–450 Lux at eye level when in 
a chair-sitting or standing position.

Patients’ background characteristics

The data included as basic characteristics: the age, sex, 
body mass index (BMI), diagnosis, MMSE, presence of 
sleep medication, presence of psychotropic medication 
and the motor subtotal rating score of functional independ-
ence measure (motor FIM) were obtained from the medical 
records. The motor FIM consists of 13 items with a 7-point 
scale for independence [26]. The total motor FIM scores 
range from 13 to 91 points. The higher motor FIM scores 
indicate greater the level of ADL independence. The level 
of ADL independence refers to the degree of independence 
in activities such as eating, dressing, toileting, changing, 
bathing, and transferring. The participants were divided into 
two groups according to the locomotive faculty, either inde-
pendent or dependent. The former could freely move around 
the wards by themselves, and the latter required assistance 
to move around.
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Amount of physical activity and sleep state

We used wrist actigraphs to measure sleep status and physi-
cal activity levels. We opted for wrist-type devices because 
waist-type activity monitors can sometimes come off when 
patients use the restroom, change clothes, or turn over in 
bed during sleep. Additionally, wearing two devices-one on 
the wrist and another on the waist-could be physically and 
mentally burdensome for elderly inpatients. Thus, to mini-
mize discomfort, we chose to measure their physical activity 
solely with wrist-type actigraphs.

All participants were equipped with a wrist actigraph 
(Life Microscope, Hitachi, Tokyo, Japan) from Monday 
to Friday. Since weekends often included family visits that 
could disrupt participants' regular routines, we decided to 
collect actigraphy data continuously on weekdays and not 
on weekends. The actigraph was worn on the non-dominant 
hand. In cases where the non-dominant hand was paralyzed, 
the device was worn on the dominant hand instead. This 
wrist actigraph detects acceleration changes of 0.01 G/Rad/
sec or more within the 2 to 3 Hz range. It calculates the 
amount of activity based on the acceleration change every 
1 s and determines exercise intensity as metabolic equiva-
lents (METs) [27, 28]. METs is a units of activity intensity. 
One METs indicates a resting state in the sitting position 
[29]. For example, easy work in a sitting position is about 
1.5 METs, walking in the house is 2.0 METs [30].

Actigraphy was designed as a tool to monitor sleep condi-
tions, and its accuracy has been confirmed through multiple 
studies [2, 31, 32]. This device used the Cole-Kripke algo-
rithm to determine whether the person was in a state of sleep 
or wakefulness [33]. The sleep-related data included noctur-
nal sleep hours, sleep efficiency, waking time, and bedtime. 
To calculate sleep efficiency, the time spent in arousals dur-
ing the sleep period was subtracted from the total nightly 
sleep time. This value was then divided by the total nightly 
sleep time. The data collected over five days were averaged 
to represent one day's worth of sleep information.

Exercise intensity classification assessment 
of physical activity

The amount of physical activity was classified into three 
categories according to exercise intensity; 1.0 to 1.5 METs 
of activity was classified as sedentary behavior (SB), 1.6–2.9 
METs as light-intensity physical activity (LIPA), and 3.0 
METs and above were defined as Moderate-to-Vigorous 
Physical Activity (MVPA) [34]. The total SB, LIPA and 
MVPA hours per day were calculated from the averaged 
activity data. SB was calculated even after lights-off at night. 
Daytime SB hours were also calculated, except the hours 
from 22:00 h to 07:00 h the next morning.

Synthetic periodic regression analysis

The 24-h and 12-h periods were examined for their appro-
priateness for this participants activity data, the therapists 
fitted 720 period components ranging from 24-h cycles to 
3.3333E-8-h cycles to the subject's activity data. As a result, 
the 24-h and 12-h cycles fit the original data the best by the 
multiple contribution rate (R2). The multiple contribution 
rate, denoted as R2, is a statistical measure used to assess 
quantitatively how well the analyzed model fits the original 
data. It takes values between 0 and 1. A higher R2 value 
indicates that the regression model is better at capturing and 
explaining the patterns and the variation in the data.

A synthetic periodic regression analysis with 24-h and 
12-h cycles was used [22, 23, 35]. The synthetic periodic 
regression curve is “ y = M + A1・cos (ω1・t–θ1) + A2・cos 
(ω2・t–θ2).” M (mesor) is the mean value of the synthetic 
periodic regression curve. A (amplitude) is the difference 
between the value from the mesor and the maximum or 
minimum value. A1 indicates the amplitude of the 24-h, 
and A2 indicates the amplitude of the 12-h periodic regres-
sion curve. θ (acrophase) is the phase angle of the maximum 
value in the periodic regression curve. θ1 indicates the acro-
phase of the 24-h, and θ2 indicates the acrophase of the 12-h 
periodic regression curve. The synthetic periodic regression 
analysis was conducted with advice from a statistics expert 
who has written many books on statistics in Japan.

The CAR​

The CAR was defined by six parameters. The mesor repre-
sented the average amount of activity in the day. The maxi-
mum value represented the highest level of activity. The 
maximum phase time represented the peak time of the day's 
activity [36]. The minimum value represented the lowest 
level of activity. The minimum phase time represented the 
calmest time of the day's activity [36]. The range represented 
the difference between the maximum and minimum values. 
A higher range value represented a greater balance of rest 
and activity in a day [36].

Data analysis

The parameters of the CAR and sleep states were compared 
between the two groups: male and female, cerebrovascular 
and orthopedic disease, locomotive independent and depend-
ent, and taking hypnotics and non-taking hypnotics. Welch’s 
test or the Mann–Whitney test was used. The relationship 
between the parameters of the CARs or sleep states and age, 
BMI, MMSE, motor FIM, total sleep time, sleep efficiency, 
waking time and sleeping time was analyzed with Pearson’s 
correlation or Spearman’s rank correlation.
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The relationship between evaluation according to physi-
cal activity classification and the parameters of CAR as 
well as sleep states was analyzed with Spearman’s rank 
correlation coefficient. Significant correlations were found 
between SB, LIPA, and MVPA and the mesor, maximum, 
and range, respectively. For those parameters, single 
regression analysis with SB, LIPA, and MVPA was per-
formed. Several confounding factors influencing Mesor, 
Maximum, and Range were examined using statistical 
methods such as intergroup comparisons and correlation. 
As a result, nocturnal sleep duration was found to be a 
confounding factor affecting the relationship between 
Mesor and either SB or LIPA. Therefore, we conducted 
multiple regression analyses considering the influence of 
nocturnal sleep duration in the relationship between Mesor 
and either SB or LIPA. Since Mesor was a time series data, 
the presence of autocorrelation using the Durbin-Watson 
test was verified. A Durbin-Watson statistic value close to 
2 indicated no autocorrelation. The IBM SPSS Statistics 
28.0.0.0 (IBM Corp., Armonk, N.Y., USA) was used to 
perform the statistical analyses. A p-value of less than 
0.05 was considered evidence for statistical significance.

Results

CAR and evaluation according to physical activity 
classification

There were 13 men and 21 women. The mean ± SD age of 
the participants was 77.5 ± 7.7 yrs (range 66–90 yrs). Basic 
characteristics of 34 participants were listed in Table 1. The 
mean ± SD (range) of the CARs and sleep states of the par-
ticipants were as follows. The mesor was 1.23 ± 0.09METs 
(1.09–1.50 METs). The maximum ± SD was 1.36 ± 0.15 
METs (1.12–1.86 METs). The minimum ± SD was 
1.05 ± 0.02 METs (1.02–1.10 METs). The range ± SD 
was 0.30 ± 0.15 METs (0.06–0.80 METs). The maximum 
phase time ± SD was 11:48 ± 2:31 h (7:44–18:09 h). The 
minimum phase time ± SD was 1:41 ± 0:40 h (0:36–3:05 h). 
R2 value was 0.72 ± 0.10 (0.49–0.87). Total sleep time 
was 458.0 ± 69.3  min. Sleep efficacy was 89.3 ± 6.4%. 
Waking time was 6.21 ± 0.89 h. Going to bed time was 
21.84 ± 0.92 h.

The mean ± SD (range) of the evaluation according to 
the physical activity classification of the participants were 
as follows: The SB time was 22 h 7 min ± 2 h 19 min (15 h 
21 min-24 h). The daytime SB time was 13 h 12 min ± 2 h 

Table 1   Basic characteristics of the participants

Data are mean ± standard deviation or n unless otherwise specified
a Mann-Whitney U test
b Two-sample t-test
c Chi-square test

All participants n = 34 Men n = 13 Women n = 21 p

Age (year) 77.5 ± 7.7 79.6 ± 6.3 76.1 ± 8.3 0.246a

Gender
 Male 13
 Female 21

Body mass index (kg/m2) 22.3 ± 3.3 21.8 ± 3.9 22.6 ± 2.9 0.503b

Diagnosis 0.522c

 Cerebrovascular syndrome 22 8 14
 Orthopedic disease 12 5 7

Mini-mental state examination (score) 28.0 ± 1.7 28.3 ± 1.7 27.8 ± 1.7 0.381a

Hypnotics 0.525c

 Yes 10 3 6
 No 24 10 15

Psychotropic drugs 0.626c

 Yes 2 1 1
 No 32 12 20

Motor functional independence measure (score) 67.8 ± 17.4 64.2 ± 19.0 70.0 ± 16.4 0.400a

Locomotive independence 0.800c

 Independence 20 8 12
 Dependence 14 5 9
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11 min (6 h 36 min-15 h). The LIPA was 1 h 53 min ± 2 h 
17 min (0–8 h 27 min). The MVPA time was 0 min ± 2 min 
(0–12 min).

The relationship between the CAR and baseline

Participants taking hypnotics had significantly slower 
maximum phase times than those not taking hypnotics 
(p = 0.022). Representative examples of CARs in hypnotics 
users and non-users were shown in Figs.1 and 2. Sleep status 
and other results were shown in Tables 2 and 3.

The relationship between the CAR 
and the evaluation according to physical activity 
classification

SB time was significantly associated with mean, maximum 
and range (p = 0.000, r = – 0.941, p = 0.000, r = – 0.946, 
p = 0.000, r = – 0.922, respectively). LIPA time was sig-
nificantly associated with mean, maximum and range 
(p = 0.000, r = 0.941, p = 0.000, r = 0.946, p = 0.000, 
r = 0.922, respectively). The other results were shown in 
table 3.

Fig. 1   The maximum phase 
time is advanced (9:00 h). Man 
non-taking hypnotics. He wakes 
up around 5:00 h, is active 
around 9:00 h, and goes to bed 
around 20:00 h. He is an early 
bird

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

activity amount

periodic regression curve

s
T

E
M

Time

Fig. 2   The maximum phase 
time is delayed phase (16:00 h). 
Woman taking hypnotics. She 
wakes up around 7:00 h, is 
active around 16:00 h, and goes 
to bed around 21:00 h. She is a 
night owl

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Time

s
T

E
M

activity amount

periodic regression curve



130	 Sleep and Biological Rhythms (2024) 22:125–135

1 3

Ta
bl

e 
2  

C
om

pa
ris

on
 o

f c
irc

ad
ia

n 
ac

tiv
ity

 rh
yt

hm
s a

nd
 sl

ee
p 

pa
tte

rn
s b

as
ed

 o
n 

va
rio

us
 b

as
ic

 in
fo

rm
at

io
n

D
at

a 
ar

e 
m

ea
n ±

 st
an

da
rd

 d
ev

ia
tio

n 
ex

ce
pt

 fo
r p

 v
al

ue
C

VA
 c

er
eb

ro
va

sc
ul

ar
 a

cc
id

en
t, 

lo
co

m
ot

iv
e 

lo
co

m
ot

iv
e 

in
de

pe
nd

en
ce

, t
im

e 
m

ax
 th

e 
m

ax
im

um
 p

ha
se

 ti
m

e,
 ti

m
e 

m
in

 th
e 

m
in

im
um

 p
ha

se
 ti

m
e

a  M
an

n-
W

hi
tn

ey
 U

 te
st

b  un
pa

ire
d 

t-t
es

t
*p

 <
 0.

05

Fa
ct

or
s

M
es

or
 (M

ET
s)

M
ax

im
um

 
(M

ET
s)

M
in

im
um

 
(M

ET
s)

R
an

ge
 (M

ET
s)

Ti
m

e 
m

ax
 (h

)
Ti

m
e 

m
in

 (h
)

To
ta

l s
le

ep
 ti

m
e 

(m
in

)
Sl

ee
p 

effi
ci

en
cy

 
(%

)
W

ak
in

g 
tim

e 
(h

)
B

ed
 ti

m
e(

h)

Se
x  M

al
e

1.
20

 ±
 0.

06
1.

33
 ±

 0.
11

1.
06

 ±
 0.

02
0.

27
 ±

 0.
12

10
.9

8 ±
 2.

31
1.

38
 ±

 0.
46

47
9.

8 ±
 75

.6
90

.8
 ±

 4.
3

6.
02

 ±
 1.

13
21

.5
5 ±

 0.
97

 F
em

al
e

1.
24

 ±
 0.

10
1.

39
 ±

 0.
17

1.
05

 ±
 0.

02
0.

33
 ±

 0.
17

12
.3

2 ±
 2.

56
1.

88
 ±

 0.
71

44
4.

6 ±
 63

.3
88

.4
 ±

 7.
3

6.
33

 ±
 0.

71
22

.0
1 ±

 0.
86

 p
0.

64
9a

0.
67

5a
0.

59
4b

0.
48

4a
0.

15
8a

0.
03

0*
b

0.
15

3b
0.

28
8b

0.
33

3b
0.

16
0b

D
ia

gn
os

is
 C

VA
1.

23
 ±

 0.
10

1.
37

 ±
 0.

16
1.

06
 ±

 0.
02

0.
31

 ±
 0.

16
12

.1
7 ±

 2.
62

1.
71

 ±
 0.

63
46

0.
8 ±

 75
.6

88
.8

 ±
 7.

1
6.

13
 ±

 0.
80

21
.8

8 ±
 1.

01
 O

rth
op

ed
ic

 
di

se
as

e
1.

22
 ±

 0.
08

1.
36

 ±
 0.

14
1.

05
 ±

 0.
03

0.
31

 ±
 0.

15
11

.1
5 ±

 2.
27

1.
66

 ±
 0.

76
45

3.
0 ±

 58
.8

90
.2

 ±
 4.

9
6.

37
 ±

 1.
05

21
.7

6 ±
 0.

76

 p
0.

68
3a

0.
76

3a
0.

23
4b

0.
79

a
0.

23
1a

0.
84

2b
0.

98
6b

0.
54

3a
0.

13
6a

0.
72

4b

Lo
co

m
ot

iv
e

 In
de

pe
nd

en
ce

1.
24

 ±
 0.

09
1.

39
 ±

 0.
16

1.
06

 ±
 0.

02
0.

34
 ±

 0.
16

11
.8

4 ±
 2.

21
1.

81
 ±

 0.
74

45
2.

3 ±
 69

.9
88

.5
 ±

 6.
3

6.
30

 ±
 0.

10
21

.9
8 ±

 0.
89

 D
ep

en
de

nc
e

1.
20

 ±
 0.

08
1.

32
 ±

 0.
14

1.
05

 ±
 0.

02
0.

27
 ±

 0.
14

11
.7

6 ±
 2.

98
1.

52
 ±

 0.
52

46
6.

3 ±
 70

.3
90

.5
 ±

 6.
6

6.
08

 ±
 0.

73
21

.6
3 ±

 0.
95

 p
0.

13
8a

0.
23

1a
0.

45
8b

0.
23

1a
0.

30
6a

0.
05

8b
0.

92
2b

0.
60

9b
0.

16
9a

0.
28

1b

H
yp

no
tic

s
 Y

es
1.

22
 ±

 0.
07

1.
37

 ±
 0.

12
1.

04
 ±

 0.
02

0.
32

 ±
 0.

12
13

.7
0 ±

 2.
99

1.
83

 ±
 0.

75
46

2.
1 ±

 60
.5

91
.2

 ±
 4.

8
6.

41
 ±

 0.
71

22
.0

4 ±
 0.

71
 N

o
1.

23
 ±

 0.
10

1.
36

 ±
 0.

17
1.

06
 ±

 0.
02

0.
30

 ±
 0.

16
11

.1
3 ±

 1.
98

1.
64

 ±
 0.

64
45

6.
6 ±

 73
.4

88
.6

 ±
 6.

8
6.

14
 ±

 0.
95

21
.7

6 ±
 0.

98
 p

0.
90

8a
0.

75
9a

0.
05

1b
0.

59
1a

0.
02

2*
a

0.
48

1b
0.

84
2b

0.
31

5b
0.

43
2b

0.
44

2b

Ps
yc

ho
tro

pi
c 

dr
ug

s
 Y

es
1.

32
 ±

 0.
08

1.
53

 ±
 0.

12
1.

05
 ±

 0.
03

0.
48

 ±
 0.

15
10

.6
7 ±

 1.
40

1.
30

 ±
 0.

99
50

5.
6 ±

 26
.9

90
.1

 ±
 4.

9
7.

16
 ±

 0.
25

21
.7

2 ±
 0.

40
 N

o
1.

22
 ±

 0.
09

1.
35

 ±
 0.

15
1.

06
 ±

 0.
02

0.
30

 ±
 0.

15
11

.8
8 ±

 2.
57

1.
72

 ±
 0.

65
45

5.
1 ±

 70
.3

89
.3

 ±
 6.

52
6.

15
 ±

 0.
88

21
.8

4 ±
 0.

94
 p

0.
10

7a
0.

07
1a

0.
64

9a
0.

07
1a

0.
43

1a
0.

51
3a

0.
32

1a
1.

00
0a

0.
07

1a
0.

60
2a



131Sleep and Biological Rhythms (2024) 22:125–135	

1 3

Ta
bl

e 
3  

C
or

re
la

tio
ns

 b
et

w
ee

n 
ci

rc
ad

ia
n 

ac
tiv

ity
 rh

yt
hm

 a
nd

 v
ar

io
us

 fa
ct

or
s

Ti
m

e 
m

ax
, t

he
 m

ax
im

um
 p

ha
se

 ti
m

e.
 T

im
e 

m
in

, t
he

 m
in

im
um

 p
ha

se
 ti

m
e

M
M

SE
 m

in
i m

en
ta

l s
ta

te
 e

xa
m

in
at

io
n,

 F
IM

 fu
nc

tio
na

l i
nd

ep
en

de
nc

e 
m

ea
su

re
, b

ed
 ti

m
e 

go
in

g 
to

 b
ed

 ti
m

e,
 S

B 
se

de
nt

ar
y 

be
ha

vi
ou

r, 
LI

PA
 li

gh
t-i

nt
en

si
ty

 p
hy

si
ca

l a
ct

iv
ity

, M
VP

A 
m

od
er

at
e-

to
-

vi
go

ro
us

 p
hy

si
ca

l a
ct

iv
ity

a  Pe
ar

so
n 

co
rr

el
at

io
n 

an
al

ys
is

b  Sp
ea

rm
an

 c
or

re
la

tio
n 

an
al

ys
is

*p
<

0.
05

Fa
ct

or
s

M
es

or
(M

ET
s)

M
ax

im
um

(M
ET

s)
M

in
im

um
(M

ET
s)

R
an

ge
(M

ET
s)

Ti
m

e 
m

ax
(h

)
Ti

m
e 

m
in

(h
)

To
ta

l s
le

ep
 ti

m
e 

(m
in

)
Sl

ee
p 

effi
ci

en
cy

 
(%

)
W

ak
in

gt
im

e
(h

)
B

ed
tim

e
(h

)

r
p

r
p

r
p

r
p

r
p

r
p

r
p

r
p

r
p

r
p

A
ge

 
(y

ea
rs

)
– 

0.
16

2
0.

36
a

– 
0.

05
0.

77
8b

– 
0.

09
0

0.
61

9a
– 

0.
00

9
0.

96
0b

– 
0.

11
2

0.
52

8b
– 

0.
28

5
0.

10
2a

– 
0.

12
0.

49
9a

– 
0.

01
3

0.
94

2a
0.

01
4

0.
93

6b
– 

0.
12

7
0.

47
5a

B
od

y 
m

as
s 

in
de

x 
(k

g/
m

2 )

– 
0.

00
6

0.
97

1a
– 

0.
05

8
0.

74
5b

0.
17

0.
33

6a
– 

0.
09

7
0.

58
6b

– 
0.

30
9

0.
07

5b
– 

0.
24

0.
17

1a
– 

0.
33

5
0.

05
2a

– 
0.

12
3

0.
48

8a
– 

0.
11

3
0.

52
3b

0.
08

8
0.

62
0a

M
M

SE
 

(s
co

re
)

0.
25

2
0.

15
0b

0.
19

1
0.

28
0b

– 
0.

03
3

0.
85

2b
0.

15
0

0.
39

8b
0.

03
8

0.
83

0b
0.

11
7

0.
50

9b
– 

0.
03

3
0.

85
2b

0.
00

8
0.

96
4b

0.
00

4
0.

98
2b

0.
22

5
0.

20
1b

M
ot

or
 

FI
M

 
(s

co
re

)

0.
22

2
0.

20
6b

0.
19

6
0.

26
6b

– 
0.

10
3

0.
56

2b
0.

20
8

0.
23

7b
0.

16
16

0.
36

3b
0.

09
2

0.
60

5b
– 

0.
25

0.
15

4b
– 

0.
18

6
0.

29
1b

0.
13

3
0.

45
2b

0.
17

7
0.

31
6b

To
ta

l 
sl

ee
p 

tim
e 

(m
in

)

– 
0.

48
8

0.
00

3*
a

– 
0.

31
7

0.
06

8b
– 

0.
53

3
0.

00
1*

a
– 

0.
24

0.
17

1b
0.

17
6

0.
32

0b
0.

09
6

0.
58

8a
**

*
**

*
0.

68
7

0a
0.

26
2

0.
13

5b
– 

0.
45

4
0.

00
7*

*a

Sl
ee

p 
effi

-
ci

en
cy

 
(%

)

– 
0.

62
2

0*
a

– 
0.

30
6

0.
07

8b
– 

0.
50

3
0.

00
2*

a
– 

0.
23

3
0.

18
4b

– 
0.

02
5

0.
88

7b
0.

15
7

0.
37

4a
0.

68
7

0a
**

*
**

*
0.

10
2

0.
56

5b
– 

0.
18

9
0.

28
5a

W
ak

in
g 

tim
e 

(h
)

– 
0.

19
1

0.
27

9a
– 

0.
17

3
0.

32
9b

– 
0.

28
8

0.
09

9
– 

0.
11

2
0.

52
6b

0.
30

9
0.

07
6b

0.
25

4
0.

14
6b

0.
26

2
0.

13
5b

0.
10

2
0.

56
5b

**
*

**
*

0.
25

6
0.

14
4b

B
ed

 ti
m

e 
(h

)
0.

31
7

0.
06

8a
0.

18
6

0.
29

2b
0.

35
0.

04
2*

a
0.

11
4

0.
52

3b
0.

37
8

0.
02

8*
b

0.
27

0
0.

12
3a

– 
0.

45
4

0.
00

7*
a

– 
0.

18
9

0.
28

5a
0.

25
6

0.
14

4b
**

* 
**

*

SB
 (m

in
/

da
y)

– 
0.

94
1

0*
b

– 
0.

94
6

0*
b

– 
0.

13
8

0.
43

6b
– 

0.
92

2
0*

b
– 

0.
07

6
0.

66
8b

– 
0.

13
1

0.
46

0b
0.

30
6

0.
07

9b
0.

33
4

0.
05

4b
0.

12
9

0.
46

8b
– 

0.
25

2
0.

15
0b

LI
PA

 
(m

in
/

da
y)

0.
94

1
0*

b
0.

94
6

0*
b

0.
13

6
0.

44
3b

0.
92

2
0*

b
0.

07
3

0.
68

1b
0.

13
0.

46
2b

– 
0.

30
4

0.
08

0b
– 

0.
33

3
0.

05
4b

– 
0.

13
3

0.
45

2b
0.

24
8

0.
15

8b

M
V

PA
 

(m
in

/
da

y)

0.
38

3
0.

02
5*

b
0.

38
3

0.
02

5*
b

0.
13

5
0.

44
7b

0.
37

1
0.

03
1*

b
0.

01
9

0.
91

3b
0.

09
3

0.
60

1b
– 

0.
36

9
0.

03
2*

b
– 

0.
39

6
0.

02
1*

b
– 

0.
14

7
0.

40
8b

0.
17

6
0.

32
0b



132	 Sleep and Biological Rhythms (2024) 22:125–135

1 3

The single regression equations 
between the evaluation according to physical 
activity classification and the CAR​

T h e  r e s u l t s  wa s  s h o w n  t h e  fo l l o w i n g : 
Mesor =—0.001 × SB(min/day) + 2.042 (F = 337.369, 
p = 0.001, R2 = 0.913), Mesor = -0.001 × SB(min/
day) + 0.000 × Nocturnal sleep hours (min/day) + 2.072 
(Multiple regression analysis: F = 194.158, p < 0.001, 
R2 = 0.926, Durbin-Watson statistic 2.056. Coefficient 
p-values: SB, p < 0.001; Nocturnal sleep hours, p = 0.028; 
VIF = 1.194), Mesor = 0.001 × LIPA(min/day) + 1.157 
(F = 332.45, p = 0.001, R2 = 0.912), Mesor = 0.001 × LIPA 
(min/day) + 0.000 × Nocturnal sleep hours (min/day) + 1.234 
(Multiple regression analysis: F = 191.620, p < 0.001, 
R2 = 0.925, Durbin-Watson statistic 2.061. Coefficient 
p-values: LIPA, p < 0.001; Nocturnal sleep hours, p = 0.027; 
VIF = 1.193), Mesor = 0.024 × MVPA(min/day) + 1.218 
(F = 14.873, p = 0.001, R2 = 0.317).

Maximum =– 0.001 × SB(min/day) + 2.741 (F = 273.182, 
p = 0.001, R2 = 0.895), Maximum = 0.001 × LIPA(min/
day) + 1.245 (F = 267.679, p = 0.001, R2 = 0.893), Maxi-
mum = 0.044 × MVPA(min/day) + 1.347 (F = 17.466, 
p = 0.001, R2 = 0.353).

Range =–  0.001 × SB(min/day) + 1.662 (F = 199.422, 
p = 0.001, R2 = 0.862), Range = 0.001 × LIPA(min/
day) + 0.193 (F = 196.011, p = 0.001, R2 = 0.860), 
Range = 0.044 × MVPA(min/day) + 0.292 (F = 17.306 
p = 0.001, R2 = 0.351). Simple regression analysis between 
mesor and SB or LIPA were shown in Fig. 3. Simple regres-
sion analysis between range and SB or LIPA were shown 
in Fig. 4.

Discussion

The characteristics of the CARs in participants

The participants engaged in sedentary behavior (SB) for 
approximately 22 h per day, with about 13 h of SB during the 
daytime. Light-intensity physical activity (LIPA) accounted 
for approximately 2 h, while moderate-to-vigorous physical 
activity (MVPA) was around 0.5 h. A previous study con-
ducted in Japan reported SB time of 9 h, LIPA of 2.5 h, and 
MVPA of 0 h [37]. In comparison, the participants in our 
study (with FIM motor item scores of 68) exhibited lower 
levels of independence in ADL compared to those in the 
previous study (with FIM motor item scores of 82).

The average daily activity level of our subjects was 
approximately 1.23 METs, and the maximum activity level 
was about 1.36 METs. These values fall within the sedentary 
activity range (1.0 to 1.5 METs). The narrow range of daily 
activity, around 0.3 METs, suggests that the participants' 
physical and mental functions were impaired due to the dis-
ease, limiting their activity levels. Furthermore, the CAR 
reflects the overall pattern of physical activity throughout 
the day rather than simply capturing activity at one specific 
time [38].

The peak time (maximum phase time) of daily activity for 
our participants was observed between 9:15 h and 13:20 h, 
with an average around 12:00 h. To establish a reference, we 
considered previous studies that used single periodic regres-
sion analysis. In elderly inpatients, the peak time was around 
13:30 h [14], whereas in community–dwelling elderly indi-
viduals, it ranged from 13:30 h to 16:00 h [36, 39, 40]. Our 
participants' peak time aligned with that of inpatients from 

Fig. 3   Simple regression 
analysis between mesor and SB 
or LIPA 

Mesor = 0.001 LIPA (min/day) + 1.157

R2 = 0.912, p = 0.000

: LIPA

Mesor = - 0.001 SB (min/day) + 

2.042

R2 = 0.913, p = 0.000
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the previous study, but it was about 3 to 4 h earlier than the 
community–dwelling elderly.

The difference in peak times between inpatients and com-
munity–dwelling individuals may be attributed to lifestyle 
variations. People living in the community may not neces-
sarily wake up early in the morning, and some might per-
form housework in the evening or at night [41]. Additionally, 
they might be influenced by the nocturnal lifestyle of family 
members [42]. Conversely, our study's participants adhered 
to the hospital’s routine schedule and had limited evening 
or nighttime physical activity, leading to their peak activity 
time being in the morning.

Relationship between basic characteristics and CAR​

Regarding hypnotics, the peak time of daily activity for 
those taking these medications was about 2 h and 30 min 
later than those not taking them. However, there were 
no significant differences in waking time, bedtime, total 
sleep time, or sleep efficiency between the two groups. 
The participants who took hypnotics used medications 
like Rozerem, Brotizolam, and Zolpidem, which can cause 
drowsiness, fatigue, and lightheadedness as side effects 
[21]. If individuals taking hypnotics experience morning 
drowsiness due to these side effects, they might not be as 
active in the morning. Therefore, therapists should avoid 
scheduling OT or PT early in the morning for patients who 
are taking hypnotics. Regarding mobility and independence 
in daily activities, it was found that individuals with higher 
scores on the motor FIM or those who exhibit self-reliant 
movements are not necessarily showing higher mean, max-
imum, or range values in their CARs. It is speculated that 

this is attributed to the restricted environment of hospitali-
zation, which limits the subjects' activity time and range, 
thus influencing the observed outcomes. In the case of 
the subjects, they were not allowed to freely move around 
inside or outside the hospital for safety reasons. Apart from 
scheduled activities such as occupational therapy, physi-
cal therapy, and meals, they spent their time lying in their 
hospital rooms. In spite of some subjects being self-reliant 
in mobility or having a high level of independence in their 
daily activities, their overall daily activity level was low 
due to spending a significant amount of time in their hos-
pital rooms. The CARs reflect the overall activity pattern 
throughout the day rather than just the activity status at a 
particular moment. Therefore, it is considered that there 
were no significant differences in the parameters of CARs 
among the subjects.

The relationship between the CAR and the amount 
of physical activity

The study found that the longer the sedentary behavior 
(SB) time, the lower the mesor, maximum, and range of 
the CARs. On the other hand, the longer the LIPA time, 
the higher the mesor, maximum, and range of the CARs. In 
simple terms, spending less time in a seated or lying position 
and more time engaging in activities with an intensity of 1.6 
METs or higher led to higher values in the mean, maximum, 
and range of activity rhythms.

This is beneficial for physical function [36, 43], cogni-
tive function [44], and the ability to perform activities 
of daily living (ADL) [45]. The World Health Organiza-
tion (WHO) also emphasizes the importance of reducing 

Fig. 4   Simple regression 
analysis between range and SB 
or LIPA

Range = 0.001 LIPA (min/day) + 0.193

R2 = 0.860, p = 0.000

: LIPA

Range = -0.001 SB (min/day) + 1.662

R2 = 0.862, p = 0.000

: SB
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sedentary behavior and increasing light-intensity physi-
cal activity to maintain good health and reduce the risk 
of cardiovascular disease and other illnesses [46]. There-
fore, the study suggests that therapists should encour-
age physical activity and ward activities that involve 
an intensity of 1.6 METs or more to improve circadian 
activity rhythms and promote the overall health of the 
patients.

Limitations

First, the subjects were admitted with a cerebrovascular or 
orthopedic disease. Therefore, their CAR may differ from 
those of patients admitted for other diseases. Second, this 
study was conducted at only one facility. It is not s general-
ized result. In the future, similar studies should be done at 
multiple facilities to determine the criteria for the patients’ 
CARs.

Conclusion

The CARs in hospitalized elderly patients were investigated 
by synthetic periodic regression analysis. Physical activities 
with a METs level of 1.6 or higher might have an impact on 
the mean, maximum, and range of circadian activity rhythms 
in hospitalized patients.
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