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Data analysis of combined circadian rhythm by using mixed-effect model
Tokunori Tkeda™, Tatsuyuki Kakuma™?
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*2 Dept. of Biostatistics Center, Kurume University
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¥yt Value of heart rate at a time (hour) in each individual
fo: Common intercept
: Circle ratio
P: 24 hours
: Individual phase angle of cosine curve at peak time in each individual
ty;: Time point of day (hour) in each individual
Ay: Individual amplitude of cosine curve
£y Residual error
ZOET VI,
cos(X —Y) = cosXcosY + sinXsinY

OYEEZHMM LT,
2mt;; 2y
P ) cos( 7
tu'

ty 2w
) +Bisin(—;

2m
= + a; cos
Bo tajcos(—
2y, _ -l _ 2t g B B
( P ). By = Agsin; P ). Ay = |ai + B, r}’a—ﬁ.{rtldn(z)
«;, B;: Total estimated coefficient value from fixed and random effects in the mixed-
effect model

LEZET. HRETFTALELLTRBETXS, &5
YA ath L8431 fixed effect (22T
random effect ZEp/-t ., & mICE AR5 0K

= Bp+A; cos(

)+E”

a; = A;cos

+Asi 2mt; | 2wy N
) +A;sin( P )sin( P )+ &

EEEZE LT, ZOFET /N CIlIE S TR
BEnN7-AMEOHL LG HRE, BREEO
YA EL TR L, 2V AU ETEORIE TH
% amplitude & phase angle £\ ) 2 SO EH K
TEKEEL, COEFAMICT4TIERHIRIC
FHODHBEEEEEL (NIRBAEEK 6 FER
THROLOLIABPME T T2), HERICE OB,
% 3 DDAV AW A B G D, 74T UE
FNARBAZETE 24 BRI OO IE 2T T 1L
L7z (FEBRICITEREMENLIERLELTND),

2wty {4ty Gar(t,
Y= ﬁo+a\.‘co.¢( { a,,‘ V,,]) + B cns( = ‘IP w’“'}J +G cm( ¢ ”p w")] + 8y

3 DDAV AP EINE N BIF HIVDIE
@ amplitude & phase angle %, 74> TUERN
DWMEIZG 2T BEOEREE A TNDHER
EINDIZD, INOLOE LT 1 TVERNR
A% TOV R OB EDRAKREIZ DN
T AE T v O BR R CHEGE T L&
AW TRETE1T 72,

3. ®WE

2O HOa A3 O amplitude V2 Bk ¥
DWW A EDORNZIEOBRMENRBDOLNTZ, 2 D
H @ amplitude Oz 3% 1% 12 BERE T
BV, FICT4FVERNRE DL OEIC
KISLTHEY, 7o IVERDLBBICE 2125
BELV N DR LB NI A DT E
NP
4, EBER

DHBOBFERITT 4 ITVERE ABRKRICED
N27H, SEOFIEEHNDLIET, 20K
2DV BRI DD DR EZ T | TE 5 A HE
PR DD, DI RFIEITH D THD AT RENE
WHDHN, 5 H%INT —X TORFEDBRAKTH
Do
5. &

BHERE MM OH LT —2bZ oY A2
VAW ERLGDLEDIETRITEREEL,
DT —2LDORAEMEEZRIET 5N REND
LiL7avy,

2 & XM

[1] Tong YL. Parameter estimation in studying
circadian rhythms. Biometrics 32(1):85-94,
1976.

[2] lkeda T, Kakuma T, Watari M, et al:
Fingolimod-induced decrease in heart rate
may predict subsequent decreasing degree of
lymphocytes, Scientific reports, 6;8(1):
16430, 2018

FE23MAFXERERFLEFTEMAR



