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Rest-activity circadian rhythm in hospitalized older adults with
mild cognitive impairment in Korea and its relationship with
salivary alpha amylase: an exploratory study
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Department of Nursing, Inha University, Incheon, Korea
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Purpose: This study aimed to evaluate the rest-activity circadian rhythm (RAR) using data obtained Revised: November 15, 2023
from wearable actigraph devices in hospitalized older adults with mild cognitive impairment (MCI), Accepted: November 16, 2023
and to investigate its relationship with salivary alpha amylase (sAA).

Methods: This secondary data analysis used data from the Hospitalized Older Adults’ Cognition and Corresponding author:

Physical Activity Study. Actigraph data for 3-4 days were analyzed for RAR. RAR indices such as inter- Minhee Suh

daily stability (IS), intradaily variability (IV), activity level during the most active 10-hour period and Department of Nursing, Inha
during the most least active 5-hour period, and relative amplitude (RA) were calculated. Data on sAA University, 100 Inharo, Michuhol-
collected in the morning and general characteristics, including body mass index (BMI), were analyzed. gu, Incheon 22212, Korea
Results: Data from 92 hospitalized older adults with MCl were analyzed. The IS, IV, RA were 0.23, 0.73, Tel: +82-32-860-8215

Fax: +82-32-874-5880

0.88, respectively. The average level of sAA was 77.02 U/mL, and a higher level of sAA was significantly
E-mail: mhsuh@inha.ac.kr

associated with better IS and RA in the regression analysis, while age, BMI, and cognitive level were
not. BMI showed positive correlations with IS and RA.

Conclusion: RAR in the hospitalized older adults with MCl was attenuated, showing especially low IS,
which implies they failed to maintain regular and repetitive 24-hour RAR. Increased sAA and BMI were
associated with robust RAR. Nurses need to pay attention to maintain robust RAR in hospitalized older
adults with MCI, and strategies should be developed to improve their RAR.
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Table 1. Formulas for Calculating Rest-Activity Circadian Rhythm Indices

Variable Formula Formula Key
Interdaily stability (IS) n: total number of data points
o p: total number of data points per day
IS = M Xp,: hourly means
P,  — 0 e nouy .
x: mean of all data points
X;: individual data points
Intradaily variability (IV) e AT — o g)? n_ total nufmtl)le; otf datfa foints
-1y (- 0)? x.r.nee?n.o a aap?lns
X;i: individual data points
Most active 10-hour period (M10) X10: obtained by calculating the average daily activity profile and then by
M10 = max(x,) filtering the profile with a 10-hour moving window bidirectionally to
obtain a zero-phase filtering
Least active 5-hour period (L5) xs: obtained by calculating the average daily activity profile and then by
L5=min(xs) filtering the profile with a 5-hour moving window bidirectionally to
obtain a zero-phase filtering
Relative amplitude (RA) RA = M10 - L5 M10: most active 10-hour period
M10 + L5 L5: least active 5-hour period
HE WSS CEUGHTIRA W EPslel RASGIt & 2. (HAXIS) BA-HS UFT| ST YN S4, U} ofay
AR §0) $22 p < 055 71202 et H| S:x|2te] 2HEy
FA-UE U] 46 AL 5 UL LI B A A
6. 22/% 134 &, it obEA] 53 folat ABUAT BAET(Table 3),

A= E ]lstdst 7| PR e8] Sels weteH BMI7} 5275 = .26, p = .018), YAFE0] E2TF( =
(IRB No. 180511-1AR), A=3o] X138 H 7 Q1 aFH Y 7|1 28, p = .017) Y7F by do] £tk E3 @4 Yuf opdeA]| &4
Aol SRle T HAE . A=A R AbmeE PR A7F w2 S 47 A0l olsHAl F2 AlE YEETHH =
€ Her foslste] dE e, AEEA7E e ol 2 39, p = .004). G4 WO o Wlofl A Al RATH

U £ A [letista 713 g el o] HowA = -.28,p = .008).

(IRB No. 230912-1A)5 3t o] 71 1RO [0Al7ke] BHEE A o]} e (r ~
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S+ 21} FE({ = .30, p = .004), &} obdEA| A 7F ESFE( = .30,
p = .027) S5 BTt 2E B2 Holrt AEFE(L =

1. ) 2 B4 8 /408 27| 215 -2, p = 039), BMIH 855G = 32, p = .003), AA4E]
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Table 2. Characteristics of Participants (N = 92)

Characteristic N (%) or mean (+SD) Median (IQR) Range
Age (yr) 75.94 (£7.82) 76.00 65-91
Gender Female 54 (58.7)

Male 38 (41.3)
Height (cm) 160.14 (+8.79) 160.20 (12.00) 124.0-178.2
Weight (kg) 5695 (£ 12.01) 56.20 (18.80) 35.2-83.4
BMI 22.83 (+4.25)
Subjective financial status ~ High 6 (6.5)

Medium 60 (65.2)

Low 26 (28.3)
Use of sleep pills Yes 16 (17.4)

No 76 (82.6)
MMSE-DS 22.24 (+4.35) 22.00 (8.00) 16-29
Underlying diseases’ Hypertension 58 (37.7)

Musculoskeletal disease 36 (23.4)

Stroke 28(18.2)

Cancer 15(9.7)

Parkinson disease 9(5.8)

Kidney disease 8(5.2)
Alpha amylase (U/ml) 77.02 (£59.71) 79.08 (111.29) 10.37-164.73
IS 0.23 (+£0.14) 0.20 (0.15) 0.02-0.96
1\ 0.73 (+£0.22) 0.19-1.28
M10 (CPM) 1343.91 (£ 762.87) 1403.93 (1101.88) 207.81-3383.34
L5 (CPM) 75.76 (£ 70.37) 50.16 (80.21) 0.00-363.80
RA 0.88 (+0.10) 0.91 (0.16) 0.45-1.00

SD = standard deviation; IQR = interquartile range; BMI = body mass index; MMSE-DS = Mini-Mental Status Examination for Dementia Screening; IS = interdaily
stability; IV = intradaily variability; M10 = most active 10-hour period; L5 = least active 5-hour period; CPM = count per minute; RA = relative amplitude.
*Multiple answers allowed.

Table 3. Associations of Rest-Activity Patterns with General Characteristics of Participants and Alpha Amylase (N = 92)

Rest-activity pattern, Mean (£SD) or r (p)

Characteristic
IS \% M10 L5 RA

Age -.21 (.053) .12 (.261) -.25 (.018)* .10 (.360) -.22 (.039)*
Female gender .05 (.630) -.28 (.008)** 21 (.043)* .15 (.162) -01(.897)
Height -01(.904) .25 (.022)* -.03 (.048)* -.16(.159) -.08 (499)
Weight .14 (.050) .10 (.369) -.03 (.823) -.20 (.074) .24 (.030)*
BMI .26 (018)* -03 (.795) 09 (.441) -.16(.152) .32 (.003)*
Higher subjective financial status 03(.778) -03 (.754) -02 (.867) 01 (.937) -04 (.716)
Use of sleep pills -.18 (.122) -21 (.069) -.22 (.066) 12 (:321) -.19 (.099)
MMSE-DS 25 (017)* -.19 (.079) 30 (.004)* -.07 (.496) .27 (.009)*
Alpha amylase .39 (.004)* -.20 (.148) 30 (.027) * -.10 (.504) .32 (.023)*

SD = standard deviation; BMI = body mass index; MMSE-DS = Mini-Mental Status Examination for Dementia Screening; IS = interdaily stability; IV = intradaily
variability; M10 = most active 10-hour period; L5 = least active 5-hour period; RA = relative amplitude.
*p<.05;"p<.01.

ol E EEAAHS] B Q9. BMI, Q4452 §0J3 99 XA gkt o] 7= go) 4
SEAARA A%, A% FYHS oA0] FHT Ut obhet WAL 25.0% AL, FLS FOIBHATHE = 3.55, p = .014). IS
A 537t £S48 OIS FAOT@ = 44, p = 003), Lol WAL F9OIE Yut oA £Vt £2HE RO £
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Table 4. Factors Influencing Rest-Activity Circadian Rhythm

JKBNS

S RA
Factor B SE B t p B SE B t P

Age -036 093 54 -039 702 0.1 0.19 08 -060 551
BMI 022 022 14 1.00 322 001 000 25 1.85 o7
MMSE-DS 051 037 19 138 174 0.15 007 27 1.99 053
Alpha amylase 021 007 44 318 003 035 001 36 268 on
Constant 290 447 065 520 041 090 -045 652

R* = 0.25,F = 3.55,p = .014

R* = 0.29,F = 4.22, p = .006

BMI = body mass index; MMSE-DS = Mini-Mental Status Examination for Dementia

oH(@ = .36, p = .011), U°], BMI, UGS 593t o
o)A ekten, S| AR P AP 29.0%A L, LB F
HCHE = 4.22, p = .006).
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Screening; IS = interdaily stability; RA = relative amplitude.

9L, 3718 e A%

9] Wl 2 H(white matter lesion) X A]

o

omyHe) 7 A5 W Gol B U P ROl B
4ol Q=dRs), oleid ol & d7H AEAAYohE =
45he T19] U w15 ASHE U3k P A wrdE
AY % Uk BFAT FH-BF A7) AELS AGED Ty
(3] L AFE F7H3IRE BAFDE, JAZ ARl
Q150 YT ok S AZHE AT, F S Ha)
She 59| FHH FA-BE Q7] A5G RAY 5 A=E T
SAHSo] B 710l T AA A A%S ZT R et
B AFIA Uit oftletA] SFol ¥eHE FA-BF B3|
2 AX 5 U eHg W BE Yol folA B2 AoR
LT, oleid BAS tol, HEkE, QA5E aolut 3l
QJsto] M FAARYANE oi83] Gt APAT7 o]
St WA Bl £ B REM SH0] Z7h5he 2108 B
THLTBs], o A FA-BF L7 AEE Ryl o
FL v1A 5 S HOE 35 5 Yk B AAY 1), £ 47
A3 Tha SOl olfRt olgRE B AT AR WY
491 B0 2 HE HPATS 22 YU Il
% Itk 49 =Rl AAH/ e Y AEHAR oI5 WA

2AstElo] ghe 4 Yt & AT WIAEY] Lt obdEA 5
A= 77.02 U/mlz, A/ HARS] 75 it 1Q19] 46.6 U/ml [36]5
o =2 FA Y Klaus 53712 &
otdeA] $A7} &2 Ao 28] 5
AZtol S7tshe Alm EJ_S]-M%EH, AT di3AEe] 4
o A g2 AEFA Yo R AWt o s It OPU‘E}Xﬂ
A7} 57}ﬂ°1 AN W2l wgAlE BTt wer

ot FA-BF UF7] B0l FoHE EHE HAZ 314
HiE, Q149 ﬁLi—l Al 977] F55 fdshs WA AlAl(inter-
nal dock)7} -2 714 22417 7155 2Asto], A7}
2EFA Fof & S 4 AR sh7|% sh=H38], FAA
FA-ZF 4F7] F52 AL Ae kS0l 2EH A0 HE
St AR A 7150l %% 7Fs/d% wiA
Aok, E3h kRlEe A A1739] Z4dol Ast

l
e

—_

o
l

o 4

rrE_l
r
=~

rl

>
2 oo

:

311


https://doi.org/10.7586/jkbns.23.0016

MTUS|, Z[X[of » H= QXYY YH =010 FA-2F L7| 2|51 LI OFU2LR|Q| &y

T

N
ol

1

Fl
El
N
¢

B4 Asks e S7iokE Bl e
dl39], =ASOIAE 2518 vt ofwetA] 4
17 4ol Z7hslol 9l A9 AT F
2 QUL ol A} A FA-
o159] 443 Aol Lt A
= Atk e, olEolA
7}A7. 024 etel o obet
o] o}5e] 27

o 2

U o)
%0
.

E

AN 2

Rl xo

e
N

N
offt H
e fr‘r’
N
N
ic)
n‘r{
fllo
N
)
kd
9]
o

r
0.

;ﬁﬁﬂ
e

f
e
N
N
i)
uln
flo
Ry
—?L

[

rlr
o F
o,

fl Jo

H33,34]9 A=
A7 GHE 74
U FF o= &
7] g& fA° 384
, Ol E0lA AA 53t 2ol w4l 2
ot opd et BuE A=
87 H5 LS =
Aotz ol 2 4= U7
A7t Qs 5o w4l
A Qo= A& AEH A FE7HA] A
A7} AP chd 4134 7
TAZE FAHCE AP & S A= Azsit.
SHEAE & A+ A, A=Y T 2248 9
/go] £, & P40l E2 A oE YTt o]t
P Aol A BMIZE w2 HITE A Rlolut e RlUE R-oloHA|

o<
r.l
4

Rl o ©
ot
(TS

D¢
I ol
N

i
!

N
>
A
f

)

)

[¢]

o

o8

o

Ul
oY

g

i) ol

4> 4

oojo
o W,
ox,
1
i
olN
N
>,
A
=
=

A1 H N
mO

o
2
1S of
o
fr
AU}
o)

©

ft
o

52 -le

_L] 0
N
N

o
N

of,
ol
-
e
.
|
)
[e]
—

e o

Lo 4

r.l

)
(Lope ok

[e)

9,

Jr

2
:(0]1
iy
)
ol

i)
N
N
o
o 4
[
1o

d)

o

kT2
2
)

e FA-Y5 AF7] 952 B e QXA ke
L4,41]. A% AFEoIAE AGAtslo] AFsh vwd A7
AF] A1, o159 MEE Wit 27.1-27.5 %

= =,
AT AR el 8P YUY =5 B 22.835E 0 &
=T Gerg o R ugto]AY thAt 75 o)l e A
5 g0l HolAe 5 AAekA] &gt FA-2E 9571 €
Hol=t[42,43], & A7 WA= QA8 FE ol A
JEZ A¥HE o2 BMIZ}F Wi H]9kel tAf=l7t A2 gllw
QIE°I7] wfio] A A ATte} Aol A7E S
t}. 0|2 u|Fo] & of, o]#gt YU LB E 4B =
49 BMIE A5k 490l 1473 §4-8% 457] 958 7}
A3 ATk & 4= 1=d], Kume 5[44] FA| 28 L2 (sarcope-
nia)7} Q= wlolA Q3] FA-EF 4] gEo] e e
=)o} itk B gt uf Qloh
B A7) Al ot 2t A, YRR S 3-4
UzEe] HE I E dlojEF o] 8ot FA-EE 7] U5
ot} 25 AoAE dFUZEY] HE| I HlolEE
o

=

ik

o

© 30 K 9 gfi o

e ode w
!
oLt

Astol §4-ZF 4F7] H5S AR A A A=
Etel} ut ofd Al S shRRE = ske] 2415k Aol T2y
Bt} du} obd Al = £714Q1 FFRIES] TS & A gL
vlala 229k 5] BleE 7ML Sl HolBR 6], 3HRe
gt obd A SHPA = BHAE ol H WwYshe Ao 1
S Ae AR Holrh T3 duf opdeA] A= A Vs
S 73 Y 750l A3 FFE Tedllas], 1% A s

JKBNS

A FEFck AR 2 At 224 Al BAR A=)
B8kl +HESES A, AEHA 2 53} o] FA-
s 977 Eleel dF= =

k. F5 AFolA o]

A= T A-H(cross-sectional study)?l TAZ A3} BAE A2
gol7] olH-ER 2 AT 23S siAsk=d ol FAE 71

o] YAt QIS FA-BF UF7) 5L B, T
o ofebA|ste] B S Tietstel, ZaAbEe] o2l A%
FA-2F A7) 25 FA) o) AL Folok & BRAL A

AJBHL, o12 gla) Tejslor & ARl et TAXRS AT 4

oS R0 Y2t
z2=
£ 7 A3, =910 eo] AU A=A =B F
A-BF 977 F5 AXSL A2k o] S AstEle] Y
T Qe ¥o] o] thas ok, e AL WF ol 9 HF
o] QU AR 24417 5715 214 g Ao ekt £3]
Az QYA A, 5 24402k F719) B HAo] Astgong, ol
So] A ok 49 ARG RAISHL, 7 SWS Haoke 4
UEE 7kEAS0] 2P TS 7]2ol T, o] Siat AAH 1
e 778 WAzt ek, E3t Luf opebA] Szo] Svhelo] 9
948, HRHETt B24E Ak SPPACIL Bl A T R
2

Ae L
obmeA] $1% SAFIL, AU HHES fAsHs Zo] 714
9 FA- B A7) A5 §A0) 2] B 4 9SS AR
B 72 5o thawt go] £5 A7E A5t gt A

Uz ol4k 57 AE| X ARE o] Bojo] FA-UE A
7 SES BAR WS a7t asith B 4ed AEdas
A Z Aol AAE/ A A A0t Lut ofdekA], FA-T
5 9%7] S 2be) BAYS FHHs AT % TRt FA-BE
Yz7] 25 BARAL ERH o2 Bl AT Alak

ORCID

Minhee Suh, https://orcid.org/0000-0002-4964-7978
Jihye Choi, https://orcid.org/0009-0006-1790-5457

CONFLICT OF INTEREST

The authors declared that no conflict of interest.

https://doi.org/10.7586/jkbns.23.0016


https://doi.org/10.7586/jkbns.23.0016

MEUS|, Z|X[of » Z= QAUXIHON YH =210 FA-2F L7| 2|5 LI} OF U2t

AUTHORSHIP

MHS contributed to the conception, design of the study; in-
terpreted the result; drafted the manuscript; critically reviewed
and revised the manuscript; JHC conducted the data trimming
and analysis; MHS supervised the whole study process; All au-
thors read and approved the final manuscript.

FUNDING

None.

DATA AVAILABILITY

The participants of this study did not give written consent for
their data to be shared publicly or with third party, so due to the
sensitive nature of the research supporting data is not available.

REFERENCES

1. Pappas JA, Miner B. Sleep deficiency in the elderly. Clinics in
Chest Medicine. 2022;43(2):273-286. http://doi.org/10.1016/
j.ccm.2022.02.005

2. Hayes TL, Riley T, Mattek N, Pavel M, Kaye JA. Sleep habits in
mild cognitive impairment. Alzheimer Disease & Associated
Disorders. 2014;28(2):145-150. https://doi.org/10.1097/
WAD.0000000000000010

3. Hou YC, Liu LM, Chen XT, Li Q, Li J. Association between
circadian disruption and diseases: a narrative review. Life Sci-
ences. 2020;262:118512. http://doi.org/10.1016/j.1fs.2020.11
8512

4. Czeisler CA, Gooley J. Sleep and circadian rhythms in hu-
mans. Cold Spring Harbor Symposia on Quantitative Biology.
2007;72:579-597. http://doi.org/10.1101/sqb.2007.72.064

5. Song Y, Dowling GA, Wallhagen MI, Lee KA, Strawbridge
W], Hubbard EM. Rest-activity patterns in institutionalized
Korean older adults with dementia: a pilot study. Journal of
Gerontological Nursing. 2009;35(12):20-28. https://doi.
0rg/10.3928/00989134-20091109-99

6. Targa ADS, Benitez ID, Dakterzada F, Fontenele-Araujo J,
Minguez O, Zetterberg H, et al. The circadian rest-activity
pattern predicts cognitive decline among mild-moderate
Alzheimer’s disease patients. Alzheimer’s Research & Thera-
py- 2021;13:161. https://doi.org/10.1186/s13195-021-00903-7

https://doi.org/10.7586/jkbns.23.0016

Bk IKBNS

7. Rogers TS, Blackwell TL, Lane NE, Tranah G, Orwoll ES,

Cauley JA, et al. Rest-activity patterns and falls and fractures
in older men. Osteoporosis International. 2017;28(4):1313-
1322. https://doi.org/10.1007/s00198-016-3874-2

8. Proctor GB, Carpenter GH. Regulation of salivary gland

function by autonomic nerves. Autonomic Neuroscience:
Basic & Clinical. 2007;133(1):3-18. https://doi.org/10.1016/
j-autneu.2006.10.006

9. Nater UM, Rohleder N. Salivary alpha-amylase as a non-inva-

10.

11.

12.

13.

14.

15.

16.

17.

sive biomarker for the sympathetic nervous system: current
state of research. Psychoneuroendocrinology. 2009;34(4):486-
496. https://doi.org/10.1016/j.psyneuen.2009.01.014

Yamane N, Tkeda A, Tomooka K, Saito I, Maruyama K, Egu-
chi E, et al. Salivary alpha-amylase activity and mild cognitive
impairment among Japanese older adults: The Toon Health
Study. The Journal of Prevention of Alzheimer’s Disease.
2022;9:752-757. https://doi.org/10.14283/jpad.2022.51
Somers VK, Dyken ME, Mark AL, Abboud FM. Sympathet-
ic-nerve activity during sleep in normal subjects. New En-
gland Journal of Medicine. 1993;328(5):303-307. https://doi.
0rg/10.1056/nejm199302043280502

Suh M. The association of salivary alpha-amylase, heart rate
variability, and psychological stress on objectively measured
sleep behaviors among college students. Frontiers of Nursing.
2022;9(1):63-70. https://doi.org/10.2478/fon-2022-0008
Koch CE, Leinweber B, Drengberg BC, Blaum C, Oster H.
Interaction between circadian rhythms and stress. Neurobi-
ology of Stress. 2017;6:57-67. https://doi.org/10.1016/j.yn-
str.2016.09.001

Roveda E, Bruno E, Galasso L, Mule A, Castelli L, Villarini A,
et al. Rest-activity circadian rhythm in breast cancer survi-
vors at 5 years after the primary diagnosis. Chronobiology
International. 2019;36(8):1156-1165. https://doi.org/10.1080/
07420528.2019.1621330

Tevy ME, Giebultowicz J, Pincus Z, Mazzoccoli G, Vinciguer-
ra M. Aging signaling pathways and circadian clock-depen-
dent metabolic derangements. Trends in Endocrinology &
Metabolism. 2013;24(5):229-237. https://doi.org/10.1016/
j-tem.2012.12.002

Montaruli A, Castelli L, Mul¢ A, Scurati R, Esposito E Galasso
L, et al. Biological rhythm and chronotype: new perspectives
in health. Biomolecules. 2021;11(4):487. https://doi.org/10.33
90/biom11040487

LaVoy EC, Palmer CA, So C, Alfano CA. Bidirectional rela-

313


https://doi.org/10.7586/jkbns.23.0016
http://doi.org/10.1016/j.ccm.2022.02.005
http://doi.org/10.1016/j.ccm.2022.02.005
http://doi.org/10.1016/j.ccm.2022.02.005
http://wwwnc.cdc.gov/eid/page/background-goals

https://doi.org/10.1097/WAD.0000000000000010
https://doi.org/10.1097/WAD.0000000000000010
https://doi.org/10.1097/WAD.0000000000000010
https://doi.org/10.1097/WAD.0000000000000010
https://doi.org/10.4093/dmj.2020.0254
http://doi.org/10.1016/j.lfs.2020.118512
http://doi.org/10.1016/j.lfs.2020.118512
http://doi.org/10.1016/j.lfs.2020.118512
http://doi.org/10.1016/j.lfs.2020.118512
https://doi.org/10.7475/kjan.2022.34.1.39
http://doi.org/10.1101/sqb.2007.72.064
http://doi.org/10.1101/sqb.2007.72.064
http://doi.org/10.1101/sqb.2007.72.064
https://doi.org/10.1016/j.pcd.2018.07.002
https://doi.org/10.3928/00989134-20091109-99
https://doi.org/10.3928/00989134-20091109-99
https://doi.org/10.3928/00989134-20091109-99
https://doi.org/10.3928/00989134-20091109-99
https://doi.org/10.3928/00989134-20091109-99
https://doi.org/10.1186/s13195-021-00903-7
https://doi.org/10.1186/s13195-021-00903-7
https://doi.org/10.1186/s13195-021-00903-7
https://doi.org/10.1186/s13195-021-00903-7
https://doi.org/10.1186/s13195-021-00903-7
https://doi.org/10.1016/j.numecd.2021.03.003
https://doi.org/10.1007/s00198-016-3874-2
https://doi.org/10.1007/s00198-016-3874-2
https://doi.org/10.1007/s00198-016-3874-2
https://doi.org/10.1007/s00198-016-3874-2
https://doi.org/10.1016/j.autneu.2006.10.006
https://doi.org/10.1016/j.autneu.2006.10.006
https://doi.org/10.1016/j.autneu.2006.10.006
https://doi.org/10.1016/j.autneu.2006.10.006
https://doi.org/10.1016/j.jand.2017.03.022
https://doi.org/10.1016/j.psyneuen.2009.01.014
https://doi.org/10.1016/j.psyneuen.2009.01.014
https://doi.org/10.1016/j.psyneuen.2009.01.014
https://doi.org/10.1016/j.psyneuen.2009.01.014
https://doi.org/10.4093/dmj.2021.0156
https://doi.org/10.14283/jpad.2022.51
https://doi.org/10.14283/jpad.2022.51
https://doi.org/10.14283/jpad.2022.51
https://doi.org/10.14283/jpad.2022.51
https://doi.org/10.14283/jpad.2022.51
https://doi.org/10.1371/journal.pmed.1003053
https://doi.org/10.1056/nejm199302043280502
https://doi.org/10.1056/nejm199302043280502
https://doi.org/10.1056/nejm199302043280502
https://doi.org/10.1056/nejm199302043280502
https://doi.org/10.2478/fon-2022-0008
https://doi.org/10.2478/fon-2022-0008
https://doi.org/10.2478/fon-2022-0008
https://doi.org/10.2478/fon-2022-0008
https://doi.org/10.1016/j.ynstr.2016.09.001
https://doi.org/10.1016/j.ynstr.2016.09.001
https://doi.org/10.1016/j.ynstr.2016.09.001
https://doi.org/10.1016/j.ynstr.2016.09.001
https://doi.org/10.1080/07420528.2019.1621330
https://doi.org/10.1080/07420528.2019.1621330
https://doi.org/10.1080/07420528.2019.1621330
https://doi.org/10.1080/07420528.2019.1621330
https://doi.org/10.1080/07420528.2019.1621330
https://doi.org/10.1111/j.1447-0594.2011.00812.x
https://doi.org/10.1016/j.tem.2012.12.002
https://doi.org/10.1016/j.tem.2012.12.002
https://doi.org/10.1016/j.tem.2012.12.002
https://doi.org/10.1016/j.tem.2012.12.002
https://doi.org/10.1016/j.tem.2012.12.002
https://doi.org/10.1007/s10608-009-9276-4
https://doi.org/10.3390/nu11092237
https://doi.org/10.3390/biom11040487
https://doi.org/10.3390/biom11040487
https://doi.org/10.3390/biom11040487
https://doi.org/10.3390/biom11040487
https://doi.org/10.1016/j.ijpsycho.2020.10.010

MEUS|, Z|X[of » Z= QAUXIHON YH =210 FA-2F L7| 2|5 LI OF U2t

18.

19.

20.

tionships between sleep and biomarkers of stress and immu-
nity in youth. International Journal of Psychophysiology.
2020;158:331-339. https://doi.org/10.1016/j.ijpsycho.2020.
10.010

Greenlund IM, Carter JR. Sympathetic neural responses to
sleep disorders and insufficiencies. American Journal of
Physiology-Heart and Circulatory Physiology. 2022;322
(3):337-349. https://doi.org/10.1152/ajpheart.00590.2021
Winstone JH, Sarna S. Enhanced sympathetic nerve activity
induced by neonatal colon inflammationinduces gastric hy-
persensitivity and anxiety-like behavior in adult rats. Ameri-
can Journal of Physiology-Gastrointestinal and Liver Physiol-
ogy. 2016;311(1):G32-G39. https://doi.org/10.1152/ajp-
g1.00067.2016

Han JW, Kim TH, Jhoo JH, Park JH, Kim JL, Ryu SH, et al. A
normative study of the Mini-Mental State Examination for
Dementia Screening (MMSE-DS) and its short
form(SMMSE-DS) in the Korean elderly. Journal of Korean
Geriatric Psychiatry. 2010;14(1):27-37.

21. Jessen E Wolfsgruber S, Wiese B, Bickel H, Mosch E, Kadusz-

22.

kiewicz H, et al. AD dementia risk in late MCI, in early MCI,
and in subjective memory impairment. Alzheimer’s & De-
mentia. 2014;10(1):76-83. https://doi.org/10.1016/j.jalz.
2012.09.017

Suh M. Influences of autonomic function, salivary cortisol
and physical activity on cognitive functions in institutional-
ized older adults with mild cognitive impairment: based on
neurovisceral integration model. Journal of Korean Academy
of Nursing. 2021;51(3):294-304. https://doi.org/10.4040/
jkan.20282

23. Neikrug AB, Chen IY, Palmer JR, McCurry SM, Von Korft M,

24.

25.

Perlis M, et al. Characterizing behavioral activity rhythms in
older adults using actigraphy. Sensors. 2020;20(2):549.
https://doi.org/10.3390/s20020549

Cespedes Feliciano EM, Quante M, Weng J, Mitchell JA,
James P, Marinac CR, et al. Actigraphy-derived daily rest-ac-
tivity patterns and body mass index in community-dwelling
adults. Sleep. 2017;40(12):zsx168. https://doi.org/10.1093/
sleep/zsx168

Van Someren EJ, Swaab DE Colenda CC, Cohen W, McCall
WYV, Rosenquist PB. Bright light therapy: improved sensitivi-
ty to its effects on rest-activity rhythms in Alzheimer patients
by application of nonparametric methods. Chronobiology
International. 1999;16(4):505-518. https://doi.org/10.3109/

314

26.

27.

oA

[y e)

JKBNS

07420529908998724

Nater UM, Rohleder N, Schlotz W, Ehlert U, Kirschbaum C.
Determinants of the diurnal course of salivary alpha-amylase.
Psychoneuroendocrinology. 2007;32(4):392-401. https://doi.
org/10.1016/j.psyneuen.2007.02.007

Sun X, Yu W, Wang M, Hu J, Li Y. Association between
rest-activity rhythm and cognitive function in the elderly:
The U.S. National Health and Nutrition Examination Survey,
2011-2014. Frontiers in Endocrinology. 2023;14:1135085.
https://doi.org/10.3389/fend0.2023.1135085

28. Palmer JR, Wang C, Kong D, Cespedes M, Pye ], Hickie IB, et

29.

30.

31.

32.

al. Rest-activity rhythms and tract specific white matter le-
sions in older adults at risk for cognitive decline. Molecular
Psychiatry. 2022;27:3410-3416. https://doi.org/10.1038/
s41380-022-01641-4

Jaiswal SJ, Bagsic SRS, Takata E, Kamdar BB, Ancoli-Israel S,
Owens RL. Actigraphy-based sleep and activity measure-
ments in intensive care unit patients randomized to ramelt-
eon or placebo for delirium prevention. Scientific Reports.
2023;13(1):1450. https://doi.org/10.1038/s41598-023-28095-0
Zeron-Rugerio ME, Diez-Noguera A, Izquierdo-Pulido M,
Cambras T. Higher eating frequency is associated with lower
adiposity and robust circadian rhythms: a cross-sectional
study. The American Journal of Clinical Nutrition. 2021;113
(1):17-27. https://doi.org/10.1093/ajcn/ngaa282

Musiek ES, Bhimasani M, Zangrilli MA, Morris JC, Holtz-
man DM, Ju YS. Circadian rest-activity pattern changes in
aging and preclinical Alzheimer disease. JAMA Neurology.
2018;75(5):582-590. https://doi.org/10.1001/jamaneu-
rol.2017.4719

Meyer N, Harvey AG, Lockley SW, Dijk DJ. Circadian
rhythms and disorders of the timing of sleep. The Lancet.
2022;400(10357):1061-1078. https://doi.org/10.1016/s0140-
6736(22)00877-7

33. Gao L, Lim ASP, Wong PM, Gaba A, Cui L, Yu L, et al. Frag-

34.

mentation of rest/activity patterns in community-based el-
derly individuals predicts incident heart failure. Nature and
Science of Sleep. 2020;12:299-307. https://doi.org/10.2147/
nss.s253757

XuY, Su S, Li X, Mansuri A, McCall WV, Wang X. Blunted
rest-activity circadian rhythm increases the risk of all-cause,
cardiovascular disease and cancer mortality in US adults. Sci-
entific Reports. 2022;12(1):20665. https://doi.org/10.1038/
$41598-022-24894-z

https://doi.org/10.7586/jkbns.23.0016


https://doi.org/10.7586/jkbns.23.0016
https://doi.org/10.1016/j.ijpsycho.2020.10.010
https://doi.org/10.1016/j.ijpsycho.2020.10.010
https://doi.org/10.1016/j.ijpsycho.2020.10.010
https://doi.org/10.1016/j.ijpsycho.2020.10.010
https://knhanes.kdca.go.kr/knhanes/sub04/sub04_04_01.do
https://doi.org/10.1152/ajpheart.00590.2021
https://doi.org/10.1152/ajpheart.00590.2021
https://doi.org/10.1152/ajpheart.00590.2021
https://doi.org/10.1152/ajpheart.00590.2021
https://doi.org/10.1093/ajcn/nqx002
https://doi.org/10.1152/ajpgi.00067.2016
https://doi.org/10.1152/ajpgi.00067.2016
https://doi.org/10.1152/ajpgi.00067.2016
https://doi.org/10.1152/ajpgi.00067.2016
https://doi.org/10.1152/ajpgi.00067.2016
https://doi.org/10.1152/ajpgi.00067.2016
https://doi.org/10.3305/nh.2015.31.sup3.8750
https://doi.org/10.1016/j.jalz.2012.09.017
https://doi.org/10.1016/j.jalz.2012.09.017
https://doi.org/10.1016/j.jalz.2012.09.017
https://doi.org/10.1016/j.jalz.2012.09.017
https://doi.org/10.1016/j.jalz.2012.09.017
https://doi.org/10.3390/nu14091960
https://doi.org/10.4040/jkan.20282
https://doi.org/10.4040/jkan.20282
https://doi.org/10.4040/jkan.20282
https://doi.org/10.4040/jkan.20282
https://doi.org/10.4040/jkan.20282
https://doi.org/10.4040/jkan.20282
https://doi.org/10.3390/s20020549
https://doi.org/10.3390/s20020549
https://doi.org/10.3390/s20020549
https://doi.org/10.3390/s20020549
https://doi.org/10.15833/KAFEIAM.22.3.485
https://doi.org/10.1093/sleep/zsx168
https://doi.org/10.1093/sleep/zsx168
https://doi.org/10.1093/sleep/zsx168
https://doi.org/10.1093/sleep/zsx168
https://doi.org/10.1093/sleep/zsx168
https://doi.org/10.3109/07420529908998724
https://doi.org/10.3109/07420529908998724
https://doi.org/10.3109/07420529908998724
https://doi.org/10.3109/07420529908998724
https://doi.org/10.3109/07420529908998724
https://doi.org/10.3109/07420529908998724
https://doi.org/10.5720/kjcn.2022.27.5.406
https://doi.org/10.1016/j.psyneuen.2007.02.007
https://doi.org/10.1016/j.psyneuen.2007.02.007
https://doi.org/10.1016/j.psyneuen.2007.02.007
https://doi.org/10.1016/j.psyneuen.2007.02.007
https://doi.org/10.3389/fendo.2023.1135085
https://doi.org/10.3389/fendo.2023.1135085
https://doi.org/10.3389/fendo.2023.1135085
https://doi.org/10.3389/fendo.2023.1135085
https://doi.org/10.3389/fendo.2023.1135085
https://doi.org/10.1097/NT.0000000000000512
https://doi.org/10.1038/s41380-022-01641-4
https://doi.org/10.1038/s41380-022-01641-4
https://doi.org/10.1038/s41380-022-01641-4
https://doi.org/10.1038/s41380-022-01641-4
https://doi.org/10.1038/s41380-022-01641-4
https://doi.org/10.2337/ds16-0080
https://doi.org/10.1038/s41598-023-28095-0
https://doi.org/10.1038/s41598-023-28095-0
https://doi.org/10.1038/s41598-023-28095-0
https://doi.org/10.1038/s41598-023-28095-0
https://doi.org/10.1038/s41598-023-28095-0
https://doi.org/10.17232/KSET.23.1.121
https://doi.org/10.7762/cnr.2022.11.3.171
https://doi.org/10.1093/ajcn/nqaa282
https://doi.org/10.1093/ajcn/nqaa282
https://doi.org/10.1093/ajcn/nqaa282
https://doi.org/10.1093/ajcn/nqaa282
https://doi.org/10.1093/ajcn/nqaa282
https://doi.org/10.1001/jamaneurol.2017.4719
https://doi.org/10.1001/jamaneurol.2017.4719
https://doi.org/10.1001/jamaneurol.2017.4719
https://doi.org/10.1001/jamaneurol.2017.4719
https://doi.org/10.1001/jamaneurol.2017.4719
https://doi.org/10.1016/s0140-6736(22)00877-7
https://doi.org/10.1016/s0140-6736(22)00877-7
https://doi.org/10.1016/s0140-6736(22)00877-7
https://doi.org/10.1016/s0140-6736(22)00877-7
https://doi.org/10.1213/ANE.0000000000003511
https://doi.org/10.2147/nss.s253757
https://doi.org/10.2147/nss.s253757
https://doi.org/10.2147/nss.s253757
https://doi.org/10.2147/nss.s253757
https://doi.org/10.2147/nss.s253757
https://doi.org/10.1038/s41598-022-24894-z
https://doi.org/10.1038/s41598-022-24894-z
https://doi.org/10.1038/s41598-022-24894-z
https://doi.org/10.1038/s41598-022-24894-z
https://doi.org/10.1038/s41598-022-24894-z

KIS, EXI5] « ZE QIKIEON Rl 010 FA-BS UFT| 25T It ORIl B21

35.

Boudreau P, Yeh WH, Dumont GA, Boivin DB. Circadian
variation of heart rate variability across sleep stages. Sleep.
2013;36(12):1919-1928. https://doi.org/10.5665/sleep.3230

36. Strahler ], Mueller A, Rosenloecher E, Kirschbaum C, Rohled-

37.

38.

39.

40.

er N. Salivary alpha-amylase stress reactivity across different
age groups. Psychophysiology. 2010;47(3):587-595. https://
doi.org/10.1111/j.1469-8986.2009.00957.x

Klaus K, Doerr JM, Strahler ], Skoluda N, Linnemann A, Na-
ter UM. Poor nights sleep predicts following day’s salivary al-
pha-amylase under high but not low stress. Psychoneuroen-
docrinology. 2019;101:80-86. https://doi.org/10.1016/j.psyn-
euen.2018.10.030

Pundir M, Papagerakis S, De Rosa MC, Chronis N, Kuraba-
yashi K, Abdulmawjood S, et al. Emerging biotechnologies
for evaluating disruption of stress, sleep, and circadian
rhythm mechanism using aptamer-based detection of sali-
vary biomarkers. Biotechnology Advances. 2022;59:107961.
https://doi.org/10.1016/j.biotechadv.2022.107961

Shibasaki K, Ogawa S, Yamada S, Tijima K, Eto M, Kozaki K,
et al. Association of decreased sympathetic nervous activity
withmortality of older adults in long-term care. Geriatrics &
Gerontology International. 2014;14:159-166. https://doi.
org/10.1111/ggi.12074

Fuji S, Tanioka T, Yasuhara Y, Sato M, Saito K, Purnell M], et
al. Characteristic autonomic nervous activity of institutional-

ized elders with dementia. Open Journal of Psychiatry.

https://doi.org/10.7586/jkbns.23.0016

JKBNS

2016;6(1):34-49. http://doi.org/10.4236/0jpsych.2016.61004

41. Sohail S, Yu L, Bennett DA, Buchman AS, Lim AS. Irregular

24-hour activity rhythms and the metabolic syndrome in
older adults. Chronobiology International. 2015;32(6):802-
813. https://doi.org/10.3109/07420528.2015.1041597

42. Xiao Q, Shadyab AH, Rapp SR, Stone KL, Yaffe K, Sampson

JN, et al. Rest-activity rhythms and cognitive impairment and
dementia in older women: results from the Women’s Health
Initiative. Journal of the American Geriatrics Society. 2022;
70(10):2925-2937. https://doi.org/10.1111/jgs.17926

43. Lee PMY, Liao G, Tsang CYJ, Leung CC, Kwan MP, Tse LA.

Sex differences in the associations of sleep-wake characteris-
tics and rest-activity circadian rhythm with specific obesity
types among Hong Kong community-dwelling older adults.
Archives of Gerontology and Geriatrics. 2023;113:105042.
https://doi.org/10.1016/j.archger.2023.105042

. Kume Y, Kodama A, Maekawa H. Preliminary report; com-

parison of the circadian rest-activity rhythm of elderly Japa-
nese community-dwellers according to sarcopenia status.
Chronobiology International. 2020;37(7):1099-1105. https://
doi.org/10.1080/07420528.2020.1740725

45. Morita K, Kimura H, Tsuka H, Nishio E Yoshida M, Tsuga K.

Association between salivary alpha-amylase and subjective
and objective oral parafunctions in community-dwelling el-
derly individuals. Journal of Dental Sciences. 2020;15(3):310-
314. https://doi.org/10.1016/j.jds.2020.05.004

315


https://doi.org/10.7586/jkbns.23.0016
https://doi.org/10.5665/sleep.3230
https://doi.org/10.5665/sleep.3230
https://doi.org/10.5665/sleep.3230
https://doi.org/10.1111/j.1469-8986.2009.00957.x
https://doi.org/10.1111/j.1469-8986.2009.00957.x
https://doi.org/10.1111/j.1469-8986.2009.00957.x
https://doi.org/10.1111/j.1469-8986.2009.00957.x
https://doi.org/10.1016/j.psyneuen.2018.10.030
https://doi.org/10.1016/j.psyneuen.2018.10.030
https://doi.org/10.1016/j.psyneuen.2018.10.030
https://doi.org/10.1016/j.psyneuen.2018.10.030
https://doi.org/10.1016/j.psyneuen.2018.10.030
https://doi.org/10.1016/j.biotechadv.2022.107961
https://doi.org/10.1016/j.biotechadv.2022.107961
https://doi.org/10.1016/j.biotechadv.2022.107961
https://doi.org/10.1016/j.biotechadv.2022.107961
https://doi.org/10.1016/j.biotechadv.2022.107961
https://doi.org/10.1016/j.biotechadv.2022.107961
https://doi.org/10.1111/ggi.12074
https://doi.org/10.1111/ggi.12074
https://doi.org/10.1111/ggi.12074
https://doi.org/10.1111/ggi.12074
https://doi.org/10.1111/ggi.12074
http://doi.org/10.4236/ojpsych.2016.61004
http://doi.org/10.4236/ojpsych.2016.61004
http://doi.org/10.4236/ojpsych.2016.61004
http://doi.org/10.4236/ojpsych.2016.61004
https://doi.org/10.3109/07420528.2015.1041597
https://doi.org/10.3109/07420528.2015.1041597
https://doi.org/10.3109/07420528.2015.1041597
https://doi.org/10.3109/07420528.2015.1041597
https://doi.org/10.1111/jgs.17926
https://doi.org/10.1111/jgs.17926
https://doi.org/10.1111/jgs.17926
https://doi.org/10.1111/jgs.17926
https://doi.org/10.1111/jgs.17926
https://doi.org/10.1016/j.archger.2023.105042
https://doi.org/10.1016/j.archger.2023.105042
https://doi.org/10.1016/j.archger.2023.105042
https://doi.org/10.1016/j.archger.2023.105042
https://doi.org/10.1016/j.archger.2023.105042
https://doi.org/10.1016/j.archger.2023.105042
https://doi.org/10.3947/ic.2022.0164

https://doi.org/10.1080/07420528.2020.1740725

https://doi.org/10.1080/07420528.2020.1740725

https://doi.org/10.1080/07420528.2020.1740725

https://doi.org/10.1080/07420528.2020.1740725

https://doi.org/10.1080/07420528.2020.1740725

https://doi.org/10.1016/j.jds.2020.05.004
https://doi.org/10.1016/j.jds.2020.05.004
https://doi.org/10.1016/j.jds.2020.05.004
https://doi.org/10.1016/j.jds.2020.05.004
https://doi.org/10.1016/j.jds.2020.05.004

