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Abstract

The aim of the present study is to clarify the correlations among psychological measurements, sleep,
and circadian rhythm disturbance using actigraphy and immunological measures. In determining
psychological measurements, the visual analogue scale (VAS), a checklist for fatigue, the state-trait
anxiety inventory (STAI), a profile of mood state (POMS), a general health questionnaire (GHQ), and
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the Japanese version of the Epworth Sleepiness Scale (JESS) were used. In the immunological
evaluation, NK cell activity and the lymphocyte subpopulation were determined. Fifteen subjects with
chronic fatigue and 15 healthy controls were recruited. The results showed that greater depression,
anxiety, sleepiness, and sleep disturbance assessed by actigraphy, decreased NK activity, decreased NK
cell number, increased CD3-positive cell number, and increased CD4-positive cell number were noted in
the subjects with fatigue compared with the healthy controls. Furthermore, there were significant
correlations among psychological, actigraphic, and immunological measures. In conclusion, chronic
fatigue can be closely associated with sleep disturbance and immunological dysfunction, including

decreased NK cell number and activity.

Key Words: Chronic fatigue, Immune system, Sleep disturbance, Actigraphy.

& U & (£

BT & HE L TV A EORIL, FEHIC
Wy, 2004 £ O SCERFRF A BT IR LR R 2 12
BPESTHIZEHEC & AT, $960%DNEST
HELTBY, Lad 39%id, FED
PR REF ZFA TS E LTWAY,

WD L DALY, VEENEDPIET
TAHRE, HEAEFIIEEEZEZ /-T2 LT
v, F72, ZORGENIEELE RS LB
G K o TERFK 1.2 JEMIC B 5 2 & Asik &
NTWBY, 2ok I2EWEFIES EoK
ST TR, BFRE LD
ML S o TG,

JITE, HOWDIHA L Vo TV H
SESFELWRALHEL TV D, — /%I, YT
&, 2T SBMIETT, &5 \VIZRIRIYESY
CREHIES T B S T E L, AMEY,
M CEEC L ) BlICE T 5. ML %
BOEMHECTH L, BETE, —fRIca
PGS A FENHR Y B S b 2 12X ) EFE
L, #WIEEEFRZDIREEZ V), Z0L)
RIRBE\C % o 72356, RS AR ISR EEIC 2 5.
F2FERES, RIEREDIKTASEZ 5T, 2 F &
FHRBYIER I LD ETLHREICRY HL 2 b
LEZHND.

JWHDOERELTIEEEFEEFLDOHITS
N5, WIRRESE) GEB) I2X2b 0%, EE
R CHABE LT, SOICHE, WRE, il
MRz SR L7 mEORSIC L b0,
R ER, fEamER (727 2 A ML, A

%
X
%

MR RE) 2503 FSERIOVD L. &
ETIE, KEZIZLDETINEEORET DK
ECHY ETFOND LI TETWAE,

KRR ST & ARIIE 7 1 E8) 4 Tlde <, %
NZNDEH L TB Y, WIRIET D S UK
FEF ORI DRI, ZOWb F/2L2) T
b, EEHBREIE T ERE L, F L CHRIERE
IR R RAET 2 L35 S DWFZELSREI L T
HLTATHL. WRRIETFIZOWTIIEIFEER
THHBIATVR TV EDs, v AT v
& FWTE L OFERD R ENTETNEY,

B EEZ T TR, B P TLE L OWfZED
RSN TWA, FEOFEEIC L > THKRN KL
OREHIIE T AR T LMo TV S
M, TOLE, FTVVIEESAEEIC AT
HZENRENTWDEY, [AERORERIE, T
BULETFICBVW T HE SN TWw LY, 512,
T FRERTOER, MK g6, IgA,
IgM &\ o - ERIEAA KT L TR Y,
WS BT, — RN RIERE IR S ¥ 5
ZEDVDOhPoTETNLY,

—J7, RAMEF IS T EELERICL - Tile
ZoTLAD, ZOZENS, FEAME ORI
T A BEPISNEECTH 5. AR ORKDE
HD—>D & L THEREEDZ BT H S, 5713
MEMRBEE L R BR L TR Y, MEREEIC L -
TEHWELOEL LD I LMBENTWY
LHRETH D, Wy L MEREERSY—H T4 T
V) A LEEE OBFRIZOWTIES  Offge)s
BRENTWDS, ThbBWIIRERIC L) EEIC
WIEATE LB Z bR T WA, Fal



PRI 5712 B B FEIRBEE 35 & OV )i 825

DIERERT & ) TB T T HEMM 2 HEIR
B MR 2R LT B, SO ME
SHIMEREEDFHERICD 2 b, T —h T4
7o) RALREEYL ) 72k 2 SRR ERE R
mER, FHOREVFRIZH ZoTWnD, &
I E B CHEREESY— T 7 V)X
LREELFIFIET ) 2L, 2ok
) 7% LD HIET & ERREE (B A R
BhHbEEZLNTVD,

MEHRPE E DRI RANDEEEE AL L DL L
T, NAN R IEIRFEECH 5 WiIRFEZERIZDO\WT
DV OPDHREDD 5.

— %2 A % —1a 4 ¥ (interleukin; IL)6
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Table 1.

o

if

MR H 15 % EEO DL 2 LD TE 2, 18K
FERRZDODISHD ) LBEWNT4, L84,
HEHE 15409 bBEW104, K54 T, F
YIAEG L, FNENJE57RE T 28.87£4.56 %, fiE
WHEMET 28931454 1% T, MTEICHEAZITFED
SNz o7z (Students-t B : p=0.58).

2. DIEPHVEHE
1) Visual analogue scale (VAS)

VAS 1%, HAETEROPIRT AT A K F
AP THWHRTWA LD EEED L DT,
545 100 mm OFEHER 722 b D % Fv> | 55 0 mm
EIETIHe VIREE . A% 100 mm 2 8IS TE S
EOIREEE LT, JEIIRRER FEM L 72,

2) EHEF v 7Y AR

WE P L B EEERREE 2 B A HIY CIE
RS EE DWER L 72 B CH 5. @1 s B
2B BEST B, FEEOLHIIENIE
DFEFDOFERE TSR LTV L00%, HE

Diseases excluded in the diagnostic criteria of chronic fatigue syndrome

Malignant tumor

Autoimmune diseases

L A

tuberculosis)

Parasitic infection

® =N e o

lesions

degenerative diseases)

Localized infection (latent abscess)

including schizophrenia,

mood disturbance,

Acute and chronic bacterial infections (e.g., endocarditis, Lyme disease,

Fungal infection (e.g., histoplasmosis, blastomycosis, coccidioidomycosis)

Human immunodeficiency virus infection

Neuropsychiatric diseases (e.g., psychiatric disorders with organic brain

brain injury, and

9. Chronic inflammatory disease (e.g., sarcoidosis, Wegener’s granulomatosis,

chronic hepatitis)
10.
11.
syndrome)
12.

Endocrine diseases (e.g., hypothyroidism, Addison’s disease,

Neuromuscular diseases (e.g., multiple sclerosis, myasthenia gravis)

Cushing’s

Drug addiction (e.g., alcohol, morphine, cocaine)

13.
14.

Intoxication (e.g., solvent, insecticide, heavy metal)
Other chronic diseases (e.g., respiratory, cardiac, gastrointestinal, liver, renal,

hematological diseases)
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PO THELRSTEY, BEPHWVIIESEEL
TWVBIEFDEEDTRNZ & 2Ry, BRI
FEVv7Fzy o HE, Rk (GE3IH) 5Ty
735 5bDDMW SN H AN, ARIOHZFETIE,
VT F v 7 OB HGTEHli & 175 72,
3) GHQ28

GHQ28 1, *5Mny 2 fEHEIRREIZBE 9 2 E [
HHIZH LT, [T&E7] 25 [ T&E%ho
2] FTOAEBOREDOHDNS, k2 ~3
B OIRFE I D L 72 b O %3R5 5 B R
EThb, Y T7A7r— e LT, FEER,
AN EARR, HRINGEIEE, O SN % A5
bOT, HEIIEVIT SR 2 AR HYE
WL R
4) STAI

State-trait anxiety inventory (STAI) (&, %4
EZALT BIREEARZS (state anxiety) & ANZAEN]
(trait anxiety) % A 5145 CTd 5. Spielberger
A5, 1970 £ 1ZBAZE LY, 1991 FIZKII5I12 LD
HAGERAMER S 727, FEoEnEE, R
REDENZ & ERT.
5) POMS

X937 07 4 = (B R —A % tension-
anxiety: T-A, 9 2 depression: D, & V) —i&
anger-hostility: A-H, {5’ vigor: V, J&57 fatigue:
F, {&¥%L confusion: C) % #HlI%E 3 % 72912 Profile
of Mood State (POMSTM HASFERK ; 5847/kkaX
&t &1ERE) 2w/, POMS i3, HAD
FBUN 72 50K & 2 MY I ZEHM 3 2 B RIAKT
HhH., TOTAME, HRERZIET S D0
TlE% <, FADOBINIZRI T TEILT 5 —
R 2 %0 B R ME T E 2 D0 TH 5.
BEAECIIE IR L7z 6 DOREERED &K
FOMEAIATFRN Z & 7)1,
6) JESS

Epworth Sleepiness Scale (ESS) H & 7%
(JESS) % f\:7-*. ESS (Epworth Sleepiness
Scale) 1%, F@BIMY7Z HPOBEDOIRSG & MES
A REET, 1991 4£12 Johns MW 12 & o TR &
N7, ESSId, Bk HEEFTE KATHIF
BT, 9 &) ETHIREZNET AR

B, T b bIRREE SRR TS [ L9 L]
AT 25D TH 5.
3. 7U v H—1RE (critical flicker fusion;

CFF) (& BEFEDAE

70 v A — BT HBKEE 2 SO L, A&
BEEZ KT L b, JE7OFHIfEE L LT
HWbiTB Y, Bl IT ERRKED
W2 R RWITEETFEOEN & 2R,
& F A Y RO #NY T4 7Y v 71 HF-
0%HWCllEL7.

4. PO9T1 9777 1K B FREE, BERE

E, EFHERORIE

TIT AT T A&, MERERAPIE S T
BY, MHECIHMRENZHET, BRRB LY
REIRIEOTEBYEE 23852 L, HEAR - SR % E
EICHERE 5 2 LD Re R llERR CTH 5. il
FHELTBY, 16g & WK T, S
LCWTOHERE IR B v, lH I,
SHUL, 772747974 %234, MERRE
ERH =N T4 T ) ALOEEORE »HEE
‘3—623)24).

KT, BeBRE DIRBIEDS, 7774 77
7 4 (Mini-Motionlogger; Ambulatory Monitor-
ing, Ardsley, New York, USA) (2 & 1) s 1 8
WHIE L7z, KT 277427974 7TlE, 155H
H72) OEBEAFLERS NS &) ITFEE L7,

WEZERE, AR E L T2y 7 k
actionW2 (AW2) #HWCEH L, 2oV 7
MIMER - FEEOHF) Y 7 v THY , Tk
) MEHREER, BEIRZR 7 & OREIRE S (ZREE T %
ERPEIRTE S, b, AIFRICHWHNT:
ZEHOHE OFHE & EFI2 DWW T, Table 2 127K
LTHL. A% Tl OFERE O R &
179 ONEMTHLDT, KV 7 FTHLND
BRI, TRTERIRED S DI - 7z,

Z Z°C, activity mean (&, SFEEBIE AR L,
MEIRMEE T, &< % 5. Wake minutes 13, &
BERER] (47) 278 L, MEREESECR (%%, Sleep
minutes 13, FEIRIER (5) T, 8<% 5. %sleep
(&, BURKFENS T A HERIFE OB AT, R
[EE T < %2 5. Wake after sleep onset I&, A
IRADEREREHC, MERIEETR (%%, Wake
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episodes |3, ‘REE[REL T, long wake episodes (&
5D EREBLTWa K £ L, MEREE
TEL 5.

BT, INLT T4 7T T4 hbELN
727°— %13, Motionlogger ActFAST &\ 7
NEHWWT, /87 4 —< ¥ AR IS 5
EREER L. IRSOEBIEHIZOWTD
Table2 1278 L7z,

T =V AR#ET—5 L LT, DTo
ZEROEH R B L7,

1 Effectiveness . ZE{E/ X7 + —< Y X, T
WL 7R e ) O EEEE 12 FED .

2 Mean cognitive . “FXJ Rk & | BEUE LR
T A ML B VIRERREL. KBS 7 4+ —< v X
WZE®O LEIE L L TOFRICHEE.

3 Lapse index : iR 245 %L T iRE L 72
N & OB CHER ) O#GE % % 7R 9 k.

4 Reaction time . SUGKFH. T4 KE L7z
NSO % 2512 F0R L 7253 OB RE R
DfE (%FR)

5 Sleep reservoir . fEMRAY Y], ZHEIRA T
V2t L CHIAEDREIRAT) L SV O (%F0R).

F72, BT — 5 & LT, DT OZEuH
HA&m L, FHiEL 7.

W
=

if

MR, 825 24 KR LA O REIR R C, AT H
DEFHRH TS 5.

2 Chronic sleep debt . {2 VEIEIREE. FEIR
RN - 722 DR D e & IR T
E VT Wz Ot L 72 A ETRE .

3 Out of phase . HADHY =717 )
AL 5 OB, EDOBADY—H T4 T~
1) X L DB RO BER - IS Y — 2T 5
B DORAR & DRIEAD TN DEE G & FEHIELT
Fbg. EHYXL00 M, HOATERAR
& DREHZAEZIRTY.

5. SREFREHE
1) NK i

t b I H SRR K562 % Calcein-AM 4
FOERRL, Efles LTHW 2, 2727
F—Hne LTiE, 74 3——Sy 7R
S CIB L 72 R RS M EAZ Y (peripheral
blood mononuclear cells; PBMC) % v, =7 =
74 —(E) BN Eehthl:2000k
HTIRTL— PORRICHEE Z A, 7L — b
xUREAE IS A, 37°C T 3 BRRIEHE R, O
e % 7 L — b Y — % — (FLUOROSKAN
ASCENT, +—%®xL L 7 bu PR &%, ##
#) % T 485/538 nm O 2 JEECHIE L, BL

1

Recent Sleep (last 24h) : BT 24 KR D

TORKL Y NK AT K722,

Table 2. Variables, their definitions, and their significance on actigraphic measurements.

Variable

Significance

Definition

Sleep disturbance

Circadian rhythm Performance
disturbance __impairment

Fatigue

Activity mean Mean activity score (counts/epoch) higher

Wake minutes Total minutes scored as Wake longer
Sleep minutes Total minutes scored as Sleep shorter

AW2 % Sleep Percent minutes scored as Sleep (100*Sleep/Duration) lower
Wake after sleep onset Wake minutes during O-O interval longer

Wake episodes (WE) Number of blocks of contiqguous wake epochs more

WE > 5 minutes more

AF

Long wake episodes
Effecti

A score based on

speed on a psychomotor vigilance task (PVT) lower
A score that approximates the average cognitive throughput on standard
Mean cognitive cognitive tests (average speed of mental operations as a percent of rested lower
per )
A value that represents the likelihood of a lapse in attention relative to a well-
Lapse index higher
rested person
A value that is the average reaction time,expressed as a percent of the average
Reaction time I longer
reaction time of a well-rested person
. The current level of the sleep reservoir expressed as a percent of the full
Sleep reservoir lower

capacity.

Recent sleep (last 24 h) In the last 24 h, which is the total number of hours in the previous day shorter
. The cumulative number of hours of sleep that have been missed since the last

Chronic sleep debt . ) larger
time the sleep reservoir was full

Hours awake The number of continuous hours since the last period of sleep longer

. AAn evaluation of vulnerability to error based on the person’s own adjusting

Time of day ) greater
circadian rhythm
This is a measure of the degree of desynchronization of the person’s own

Out of phase circadian rhythm relative to the optimal phase for the current pattern of a sleep greater

and wakefulness, measured as the number of hours out of phase - a measure
of "jet lag" or "shifting".

AW2: ActionW?2, a computer software program for analysis of actigraphic measures to discriminate between being sleep and being awake.

AF: ActFast, a computer software program for analysis of actigraphic measures to calculate perfomance- and fatigue-related variables.
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% Cytotoxicity =
(F experiment—F spontaneous)/
(F total lysis — F spontaneous) X 100

2) VYR TRE AL —T g s

Ta—=HA FARN)=IZEBY) YRERT TR
Yal—3arofilEid, seEatdetik:z i
WTAT o 72, FD20IZIZLNT Otk % Fv 7z,
Fluorescein-isothiocyanate (FITC) A&~ F#t
v MuEsa 7Y vy BIO IR RIE S 2
1 —F )LHifk (Tagoimmunologicals, Camarillo,
CA, USA), FITCHE# CD3, CD4, CD8, CD2041t
{& R-phycoerythrin (R-PE) 1Z5# CXCR3, CCR4,
CD56 & & 18 CD25 #if& (BD Biosciences, San
Jose, CA, USA), FITC iz CD16 B X UF CD56
P14k (Coulter Corporation, Miami, FL, USA). ¥
NRCHOE/ 70 —FUHkiE, ~=27 ) (BD
Biosciences) Zfit> T, 4% 7z
HOEG BRI L7z, sy,
77— A4k 2—%— (BD FACSCalibur, BD
Biosciences) Cill%E L 7z.

CD4 [N c BT 5 CXCR3 B L I CCR4 4
T-OFEROWEILX, ¥~ == 7 )V (BD Biosciences)
2> T, #NFNFITC i CD4 & R-PE %
#k CXCR3 £ / 7 1 —Fpifk, B L OFITCHE
% CD4 & R-PE 153#% CCR4 € / 7 1 — F Lifk
VT, 27 7 — ORFALREEITIT-
7z. 7z, CD3 FptEliia |2 51F % CD56 7510
ZEHOWPE B L O CD4 [tERiNgIZB81F % CD25
ST OFEROWEL, FNZ FITC & CD3
& R-PEAZ#CD56 € / 7 10— FLififk, B X O°
FITC### CD4 & R-PE###k CD25 € / 7 1 —F
MURZ VT, 27 T — O Eibg T
fro7e.

T CD3BEMEY voNBRIE, T v 8Bk %,
CDARFIEY) > 28ERIE A~V — THINE £ 72131
4 T filife (regulatory T cell) %, CD8 Fit1) ~
JSERIE, fffEENET ) 3Bk %, CD20 BT Y
VORERIZB Y Y 23Ek%E | CD4 [ 1E-CCR3 B
fald, 18~V x— THlligz , CD4 FE-CXCR4
FtEfa L, 2 B~V S— T HIiE %, CD3 Biftk-
CD56 P Aille 13 NKT #ifid z , CD4 F1E-CD25

PRI I Tl 2R L T 5,
6. TRETFRVERT

JETHEB L OMERREIC BT A T — F Dl
Student-t 7 A k& FH\ T -7z, PAE2S, 0.05
DFaEREAR L. $208KE, 77
TATT T I L BUEE, REEEE D
M DOAARIL, Pearson OAHBILREL 2 FI VTR L
72, TRTOMEHFAIIENTIE, SPSS (Advanced
Model ver16.0) % H\WCTi7-7-,

= R

1. EFHSPLUOREHICHTZ0ERES L

U7YvH— (CFF) %Z&E

BLEREB LT ) v 7 —lIEDT— 512
DWTHHEIC LY, JEHFHEB X OREETEZ
BARET L7z, ZOf%, WHEF v 7Y A b
IZBWTIE, WRES, BETB L Ens
DEFHIBWTHEBEIIEITHED F 0MEEREIZ T
NTHEIZED > 7 (Table3). K707 4 —
VigAE (POMS) T, WEREZBRVCTTRTO
HH CIEITHEOEIAEICE P 72, {HRISD
WL TRED F DML - 7228, HREITED
SN h o7z, STAI T, REARZIZONWT
HEATEDO SN o 72, AL IZOW
T, WHTEDHD, NEEVPHEEIE» - 72,
F72, ) &) EE (JESS) TIIEHFHEDHHE
Mo T, AREATRO RN ol 7
oy A —HIZDOWTIE, EFOTAEIRICE
WTHEIRICBWTS , HEICERH H) 2»°
ol ThbLIEFHOND, WO PITE
OB DR SN,
2. BEFEHIUCREHICHSIBZT7IT14T77

7 1 BIE

WHHEB L ORFEHICBWT, 7771475
7 4 OYIERER % AW2 & ActFast D 25DV 7
PRV L72, 9 AW2 12X B
BN BHIEE I2oWT, BREO T EE)
& (activity mean) R HEIFE (wake minutes) ,
ARL T2 5 O FHEERHE (wake after sleep
onset), HEET YV — K (wake episodes) %5
LI EOEETE Y — K (long wake episodes)
IZBWT, EHFHOHTPEEICE <, FOHHE
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Table 3. Psychological measures and critical flicker fusion (CFF) in subjects with fatigue and healthy controls.

Subjects with fatigue (n=15)

Healthy controls (n=15)

mean SD mean SD D
Body 16.600 5.841 0.000 __0.000 <0.001
Checklist for fatigue Mind 21.600 9.379 0.467 0.516 <0.001
Body & mind 38.200 12.819 0.467 _0.516 <0.001
T-A (Tension-Anxiety) 17.533 6.567 3.400  0.507 <0.001
D (Depression) 33.267 3.527 0.000 _ 0.000 <0.001
POMS A-H (Anger-Hostility) 22.400 10.796 0.000 _ 0.000 <0.001
V (Vigor) 8.467 5.489 12.067 8.771 0.189
F (Fatigue) 24.867 2.503 0.000 __0.000 <0.001
C (Confusion) 18.067 7.815 2.133  1.125 <0.001
STAIL State anxiety 42.000 6.761 38.200 5.697 0.107
Trait anxiety 50.600 6.379 31.467  2.642 <0.001
JESS 5.800 4.887 2.800  3.098 0.054
VAS 9.333 0.880 0.133 _ 0.297 <0.001
CFF (Hz) Right eve 46.600 3.312 51.200 3.764 0.001
Left eve 45.600 4.171 50.067 _ 3.369 0.003

VAS, visual analogue scale; STAI, state-trait anxiety inventory; POMS, profile of mood state; GHQ, general
health questionnaire; JESS, Japanese version of the Epworth Sleepiness Scale

Table 4. Actigraphic measures in subjects with fatigue and healthy controls.

Subjects with fatigue (n=15)

Healthy controls (n=15)

mean SD mean SD D
Activity mean 26.161 10.182 16.427 14.809 0.045
Wake minutes 65.022 30.399 25.278  17.485 <0.001
Aw2 Sleep minutes 287.585 94.365 358.400  84.326 0.039
(in bed) % Sleep 73.081 15.627 84.597  11.852 0.031
Wake after sleep onset 55.943 25.361 14.214 6.018 <0.001
Wake episodes 9.489 2.420 4.669 1.727 <0.001
i 3.631 1.276 1.381 0.357 <0.001
Max of lapse index 2.840 3.376 0.460 0.445 0.011
Max of reaction time 124.733 34.371 102.200 3.783 0.018
AF  Min of reservoir 82.200 19.637 96.133 3.292 0.011
Max of chronic sleep 5.690 6.243 1.238 1.037 0.011
Max of out of phase 1.262 1.309 0.668 0.325 0.099

AW2: ActionW2, a computer software program for analysis of actigraphic measures to discriminate

between being asleep and being awake.

AF: ActFast, a computer software program for analysis of actigraphic measures to calculate
perfomance- and fatigue-related variables.

IREFRE (sleep minutes) PHEIRZE (%sleep) |
BWTIL, EWHOFPEEILED > 72 (Table
4). F72, ActFast 12X 587 4 — < ¥ ARE
FREARIEIC OV T, 3% Y 8% (lapse index) ,
BULHERE (reaction time) (2B THSEED
PHEIIKE C, MRS (reservoir) 139E57
FEPEEIE 2 o 72, 1B HIEREE (chronic
sleep debt) 2DV TUIIIEFHED FATKE Do 72
(Table 4).

3. BFHBSIUVEEHICH T ZREAE

NK Mfaid i, a0 o m il T

HEIZE -7 (Table5). 72, ) v 758kDH

TRE2L—varaehbe, NKHEIZH®E

D&% CD16 B L U8 CD56 FflliziE NK Hifz

e~ L CETHOFVPEREII L L h o

72, FUTH L, CD3 B L U CD4 i,

RO DEEIE D -7 (Table5).

4. DIERERERETOMHEREEE R
FALLERA L 7)) v ) — A EE L oM
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Table 5. Immunological measures in subjects with fatigue and healthy controls.

Subjects with fatigue (n=15) Healthy controls (n=15)
mean SD mean SD D
NK cell activity (%) 13.987 5.487 45.607 11.575 <0.001
CD3 74.990 7.676 63.146  6.090 <0.001
CD4 39.503 4.098 34.727  7.679 0.043
CD8 34.515 7.467 35.682  7.054 0.663
CD16 12.094 5.850 23.933  7.446 <0.001
CD20 11.679 2.978 10.460 3.913 0.345
CD56 13.850 6.091 24.356  6.938 <0.001
CD4/ CCR4 12.635 4.084 10.611  3.449 0.154
CD4 / CXCR3 13.494 3.165 12.706  4.439 0.580
CD3 /CD56 4.061 3.090 2.314  1.561 0.061
CD4 / CD25 13.588 3.431 12.171  3.444 0.268

Table 6. Correlations between psychological measures and critical flicker fusion (CFF)

Checklist for fatigue CFF (Hz)
VAS Body Mind Body & Right eye Left eye
mind
Body 908"  — — — -571"  -.583"
Checklist for fatigue Mind 864" — — — 524" -473"
Body & mind 915"  — — — -564"  -.539"
STAI State anxiety .265 364" .220 .292 -500" -.488"
Trait anxiety .870" 922" 842" 908" -601" -.631"
T-A (Tension-Anxiety) 851" 898" 909" 937"  -499" -513"
D (Depression) .883" 915" 951" 970" -505" -.502"
A-H (Anger-Hostility) .854"" .879" 970" 965" -467" -.418
POMS - - -
V (Vigor) -.279 -253  -.450 -.380 -119 -175
F (Fatigue) 985" 913" 892" 934" -536"  -.498"
C (Confusion) 844" .906™" 919" 947" -.482"  -.483"
(A) Somatic symptoms 839" 8517 937" 934" -596"  -553"
GHQ (B) Angiety and ' .855"" 845" 003" 911" -631" -605"
(C) Social dysfunction 447 5177 7157 654" -.391° -.355
(D) Severe depression 498" 653" 7157 714" -.468"  -5167
JESS 346 476" 422" 462" -.287 -.253
cre | T S T T —
Left eye -.486 -.583 -.473 -.539 — —

* Pearson correlation coefficient : p<0.05
** Pearson correlation coefficient : p<0.01

VAS, visual analogue scale; STAI, state-trait anxiety inventory; POMS, profile of mood state; GHQ,
general health questionnaire; JESS, Japanese version of the Epworth Sleepiness Scale

% F7- (Table 6). JE5EF = v 7 ) A FORIE WAL B L O EAZOME 7)) v —fiL
JEST, REAMEST, TS DEFHE VAS ORIZIE TEOMBEE D72,

DM ZERD. 70y H—HEDOBT POMS 122\ T, VAS & BRiE—AN%2 (T-A)
X, BOMBEERO7. STALIZOWTIE, ik ) OIREE (D), By—E (A-H), Y F),
A& VAS O], IRRERZ LIESETF = v 7 ) REL (C) OB, T = v 7)) A s ORIRE
A N ORRIESTORET, AL L RREST 5%, KEES, TN DAFHE OBITEIEDOH
g ST, £ 5 O&EFE OB TIEOMELS, F2%, POMS D%, (V) 122w T, VAS 557
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T v 7)) A D ORRETT, FETr, Fh
LOERFE DM THOMEEZRED . LirL,
7y I —fEE ORIIIMHE Z RO R h o 7.

GHQ T, &Y% 7 A7 — Vo HkryER, A

TEAR, HRIGEIREE, O SOV

IZoWTh, VAS, EHEF v 7 ) A DK

VTRV EEFFE OB TIEOMBEE, T

)y — L ITROMEERO. T2, Sk

9 &R (JESS) I2oWTUE, EWEF v 21

A MK T AT — N EEFHE DT EIEDOME

D7z,

5. DERERRET VT 1777 1 BIERR
& DIERIRAR
DPRRRARE R & AW2 DT IC & 2 2 80EH

TH% & (Table 7), “VFHRGENEE, HEEREH, A

RIZOFEERR HEZYY—F, 55ULED

HELE Y — FIZoWnTId, VAS B X OYE7EE

Frv 7)) A MOHT, &TIEOMHE %D,

Jit

W
=

if

PO BEARIER, BEARER 12OV T, BB
ROz, 7)) v H—HIZOWTIL, REERERH,
ANEFZOTRERR EELEY—F, 5501
DHEELY Y — FORICEDHMZ D72,
ActFast 22 S5 5 N ZHBOHE 1B W T,
VAS BX OE3EF v 7)) A b 2R ) 84k,
FOGKERH (2 PEERAEOM TIEOME %,
R & oM TaOMMEEZED7z. £72, VAS
ETANDY—H T4 7 1) X006 O
(out of phase) DT, IEDOHHAZ RO,
6. DIPRERR & RFRIERR & OMHEBEREE
DFRARAAG R & R EARS R & OO &
W72, ZO8%, VAS BXOEETF v 7Y
A M ENKMEEES L O, NKAE %2 R~ $
CD16 [ 3 X U CD56 B hfiiE & oz
EFNZEFNAOHMEZ RO (Table8). F 7=,
CD3 B M 12 D v Tl VAS B X OV 57 B
Fry 7 ANEDOBTIEOMEZZED, CD4

Table 7. Correlations between actigraphic measures and psychological measures, or critical flicker fusion (CFF).

Checklist for fatigue CFF (Hz)
VAS Body Mind Body & Right eye Left eye
mind

Activity mean .394" 371" 441" 427" -.320 -.231
Wake minutes 660" 686" 820" 791" -523" -.454"
AW?2 Sleep minutes -.405" -.372" -586 -513" .232 .070
(in % Sleep -.437 -434"  -6247 -563" 215 .063
bed) Wake after sleep onset 776" 811" 904" .896" -529" -.473"
Wake episodes 742" 739" 661" 720" -.636 -.605

Long wake episodes 788" .808"™ 855" .866" -471" -.422"

Max of lapse index 523" 514" 719" 654" -.230 -.126

Max of reaction time 488" 488" 656" 606" -.217 -.116

AF  Min of reservoir -525" -5137  -6897  -636" .224 121
Max of chronic sleep 526" 513" 689" 637" -.224 -.122

Max of out of phase 372 157 .242 214 -.140 -.056

* Pearson correlation coefficient : p<0.05
** Pearson correlation coefficient : p<0.01

AW2: ActionW2, a computer software program for analysis of actigraphic measures to
discriminate between being asleep and being awake.

AF: ActFast, a computer software program for analysis of actigraphic measures to calculate

perfomance- and fatigue-related variables.
VAS: visual analogue scale.
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Table 8. Correlations between immunological measures and psychological measures, or critical

flicker fusion (CFF).

Checklist for fatigue CFF (Hz)
VAS Body Mind Body & Right eye Left eye
mind

NK cell activity (%) -.888" -818" -.855"" -.870" .340 314
CD3 648" 690" 653" 694" -.256 -.273
CD4 394" .399" .290 .349 -.023 -.107
CD8 -.098 -.130 -.021 -.070 -.011 .095
CD16 -.662" -.602" -.696" -.680" 137 113
CD20 .196 .098 265 .201 .142 .181
CD56 -.642" -.625" -635"  -.654" 156 150
CD4 / CCR4 .300 224 .159 .193 -.195 -.148
CD4 / CXCR3 .105 .160 217 .200 .037 .024
CD3 /CD56 .323 .296 .345 .336 .010 -.028
CD4/CD25 .228 .168 .148 .162 -.007 .000

* Pearson correlation coefficient : p<0.05
** Pearson correlation coefficient : p<0.01

VAS: visual analogue scale.

FrtEi I B\ ClE, VAS B X OYEET = v
71) A N ORIRIET IO W TIEOHE % 380 72
(Table 8).

7. TV T 19777 1 BIEER & RERIERER

& DIEEIRAER

AW2 (2 X 2 ZEH0EH 2B W T, NK s
PEISTEEIEE, SEERFR], ARG O R i e
IV —F, 550U EOEBIE Y — FlZown
TITEOMEZED /. T/, CDI6B LU
CD56 Bl b FAEDFE R TH - 72, Thic
X L NK ARG & FEIREER], FEIR=FEO M TIE
DD H 5, CD16 B & 1N CD56 [yl &
DOMTHRFEORERTH 72 (Table9).

X512, CD3BE I BT, REERER
ARBORBERRE, ¥ELEY—F, 5401
DOHEEBIYY - OB TIEOMBEZHO 7
(Table9).

%72, CD20 Bl oo WCTid, “FXiEE)
JE L IEOMB %, MERIR, BEIREE & B oMHE
%887 (Table9).

ActFast |2 X 2B 2BV T, AY iR

¥, DOCKER, 1S MEIEREE L, NK RS ED
T, ADME %, CD16 3 & UF CD56 B,
DOETYH, FRICADOHEZ D72, FOFIZ,
CD3 Al & 8RR & E O M CIEOHE %
A7z, —J, BERGIIICOWTIE, NK RS
P, CD16 B £ U CD56 il & DR CIEOHIE %
CD3 #llfg & OB CEOME %807 (Table9).
8. EHEHICHT 2 0ERER TOHEEREE

T BT A LHERA R COMBMR % B
%k, STAI DFFHARL L5 F = v 7 1) A b
DR B L OEFTOR TCIEOME %, POMS
DEIR—AE (T-A), - 2IKE (D), &H—iK
2 AW, S B, ®il ©) LEFEF v
1) A D OWRMEEST, FETB LR LD
B CIEDOHE %o 7295, POMS DiER (V)
WZBWTIIEFEF = v 7 ) A b ORES B
L OEFHE OBICEDOHBE %5072 (Table 10).
F7- GHQ I22oWTiE, HRMEEIR, A% LR
R, #HEEHREE, 5 SEmZhehizon
T, JESEEF = v 7)) A N DAY & AET L
D TIEDOH % F2& 72 (Table 10).
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Table 9. Correlations between actigraphic and immunological measures.

NKcell CD3 CD4 CD8 CD16 CD20 CD56 CD4/ CD4/ CD3 CD4/

activity CCR4 CXCR3 /CD56 CD25
Activity mean -.385" .194 117 -.126 -.347 4157 -.340 -.089 -.126 -.019 -.090
Wake minutes -6127 536" .100 .099 -559" .128 -.496" .067 -.057 178 -.021
Sleep minutes .373" -.165 -.085 071 .285 -.429° 219 -.246 -.332 -.126 -.194
,sz % Sleep 462" -.318 -119 .078 472" -.428" 416" -.052 118 -.062 019
(in bed) Wake after sleep onset -712” 6247 .196 075 -629" 167 -573" .146 .085 205 027
Wake episodes -617" 467" 216 -.030 -.493" .105 -418" 224 -.037 .240 127
Long wake episodes -745" 638" .205 .065 -662" .169 -595" 125 052 283 127
Max of lapse index -539" .360 .187 -.052 -432" .383" -419° .261 .322 .096 251
Max of reaction time -5027 .360 .180 -.037 -.419° .352 -411° .260 .295 067 250
AF  Min of reservoir 523" -374" -.204 035 433 -.356 420 -.280 -.316 -.091 -.261
Max of chronic sleep -523" 368" 207 -.045 -.430° 364" -.416" 285 319 097 268
Max of out of phase -.263 .284 -.197 .339 -.210 -.062 -.209 -.046 -.141 .001 -.007

* Pearson correlation coefficient : p<0.05
** Pearson correlation coefficient : p<0.01

AW2: ActionW2, a computer software program for analysis of actigraphic measures to

discriminate between being asleep and being awake.
AF: ActFast, a computer software program for analysis of actigraphic measures to calculate
perfomance- and fatigue-related variables.

Table 10. Correlations between psychological measures and critical flicker fusion (CFF) in subjects with fatigue.

Checklist for fatigue CFF (Hz)
VAS Body Mind Body & Righteye Left eye
mind

Body 278 — — — -.289 -.397
Checklist for fatigue Mind .242 — — — -.194 -.099
Body & mind .304 — — — -.274 -.254
state anxiety -.228 .295 -.084 .073 -.415 -.446
STAI trait anxiety -.306 642" .367 561" -.350 -.503
T-A (Tension-Anxiety) .233 593" 679" 767" -.078 -.182
D (Depression) 298 610" 811" 871" -.070 -.147
A-H (Anger-Hostility) .376 528" 897" 897" -.003 .045
POMS V (Vigor) -.316 -.139 -.845" -.682" -.103 -.231
F (Fatigue) .200 .333 646" 624" 217 .193
C (Confusion) .308 663" 731" 837" -.153 -212
(A) Somatic symptoms .352 448 796" 787" -.442 -.331
(B) Anxiety and insomnia 353 379 661" 656" -.548" -.466
GHQ (C) Social dysfunction .315 .366 766" 727" -.322 -.231
(D) Severe depression 2717 599" 685" 774" -.426 -.463
JESS -.108 457 .288 419 -.305 -.242

Right eye .135 -.289 -.194 -274 —

CFF (Hz) Left eye 195 -.397 -.099 -954  —

* Pearson correlation coefficient : p<0.05
** Pearson correlation coefficient : p<0.01

VAS, visual analogue scale; STAI, state-trait anxiety inventory; POMS, profile of mood state; GHQ,
general health questionnaire; JESS, Japanese version of the Epworth Sleepiness Scale
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9. EFHICHTIODERERRET VT 1T
57 ¢ BIEHR & OEBERAE

PR B WL RE T 771 75
T4 DT — IR R E OMBE % 5 & VAS
IZBWTIE AW2 12 & o TN S 72228 50H H
DL OFEHFEE 2OV TIEDOHE % 30
72, F2, EuETF v 7 A MIBWTIE,
FEHIIE G712 oW, HEERERH, AR O RE
KR & ORI TIEOMR %2, MEARFRR], [EIRAR &
D THDOHE % RO 72 (Table 11).

ActFast |2 & 2 HIAH IZOWTIE, 57
F v 7)) A DOREMIPETB L OARENE, R
DIEEL, BUCKER], 1SHEEREME O TIEDH
M7, HERA ORI TEOHEZ D72,

10. EHFBHICH T3 OERERR EREANTE
&% & OIEERER

DHRRA RS I & R IERE R 2 LB &, NK
SMTEIE L e EE T = v 2 ) A b ORERE S

835

BLOEFIOMICE DM % 58872 (Table 12).
%72, CD3/CD56 ttAlila s 71) v 1 —fE& @
[ CIEDAHE 2 52D 72,

1. BHEEICETR279 717757 1 BIES
R ERFAIERESR & OMEERFR

NK #ifgiEE I B VT, £ OEH THME%
7z (Table13). $ &b b, NKMIFLETEE
AW2 12 X BB HOHE OGBS, HEEREH
ARZDOHBEFREH & OB TAOMB %, HEIREE
M, EERRE O CIEOMEzRDZ. T2,
NK M iE M & ActFast 12 & 2 ZHuEH 0 Y
fake, BUnkEl, 12HERAKE BT, AO
%, BIRAICOWTIZIEDHE %2 320
7z. 2 0ft, CD4 il E A D — 71 71
T ) XLHH OB (out of phase) & ED
%, CD20 Ml Tld AW2 ZE 8508 H o JER
& DM TEDOMELZ, B0 8%, 12MkEREA
ECIE, EOMBZFD7: (Table 13).

Table 11. Correlations between actigraphic measures and psychological measures, or critical flicker fusion (CFF)

in subjects with fatigue.

Checklist for fatigue CFF (Hz)
VAS Body Mind Body & Right eye Lefteye
mind

Activity mean 586" 172 476 426 -.203 -.134

Wake minutes 367 .381 808" 765" -176 -.085

AW2  Sleep minutes -.417 103 -738” -587 -.148 -.317
(in % Sleep -.510 -248  -765" -672" -.083 -.266
bed) Wake after sleep onset .338 457 787" 784" -.169 -.079
Wake episodes -.128 221 042 132 -.406 -.376

Long wake episodes 212 .406 606" 628" -116 -.042

Max of lapse index 321 1270 717" 647" 021 .165

Max of reaction time 247 257 618" 569" .025 162

AF  Min of reservoir -.298 -268  -.654" -.600° -.035 -172
Max of chronic sleep debt 293 265 651" 597" .038 173

Max of out of phase .102 -.298 -.037 -.163 179 .267

* Pearson correlation coefficient : p<0.05
** Pearson correlation coefficient : p<0.01

AW2: ActionW2, a computer software program for analysis of actigraphic measures to
discriminate between being asleep and being awake.
AF: ActFast, a computer software program for analysis of actigraphic measures to calculate

perfomance- and fatigue-related variables.

VAS: visual analogue scale.
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Table 12. Correlations between immunological measures and psychological measures,
or critical flicker fusion (CFF) in subjects with fatigue.
Checklist for fatigue CFF (Hz)
VAS Body Mind Body & Righteye Left eye
mind
NK cell activity -.458 -.328 -921"  -823" .065 -.036
CD3 -.165 .367 .262 .359 113 .109
CD4 .203 .333 -.166 .031 -.120 -.197
CD8 =122 =177 129 .014 .290 .401
CD16 222 .033 -.467 -.327 -.145 -.231
CD20 .293 -.243 377 .165 .002 .080
CD56 .038 -.219 -.304 -.322 .247 .106
CD4/ CCR4 .381 -.052 -.183 -.158 -.081 .017
CD4 / CXCR3 .037 .262 .399 412 -.003 -.025
CD3/CD56 -.219 -.044 .102 .054 516 .291
CD4/ CD25 .255 -.066 -.101 -.104 .105 .104
* Pearson correlation coefficient : p<0.05
** Pearson correlation coefficient : p<0.01
VAS: visual analogue scale.
Table 13. Correlations between actigraphic and immunological measures in subjects with fatigue.
NKcell  CD3 CD4 CD8 CD16 CD20 CD56 CD4/ CD4/ CD3 CD4/
activity CCR4  CXCR3 /CD56  CD25
Activity mean -.609° .055 -.023 .057 -.249 .340 -.305 -.083 -.128 -.219 -.045
Wake minutes -819" .250 -.236 .250 -.422 .249 -.327 112 .101 -.075 -.116
AW2 Sleep minutes 819" -.083 -.028 -.042 301 -.536° 173 -.169 -.400 -.019 -.231
(in % Sleep an” -.266 053 -.120 473 -.434 360 018 -.399 1028 026
bed) Wake after sleep onset 754" 381 -116 .292 -521" .088 -.385 -.139 .089 -.072 -.272
Wake episodes .037 -.132 220 -127 061 079 119 279 171 -.057 1209
Long wake episodes -549" .289 -.163 278 -.386 .148 -.251 -.146 134 .042 -.010
Max of lapse index -805" 1103 .000 -.030 -.294 557" -.269 .202 424 - 111 .226
Max of reaction time -.705" 135 016 -.012 -.306 502 -.288 209 385 -.133 234
AF  Min of reservoir 756" -123 -.030 007 299 -512 276 -.221 -.380 1130 -.233
Max of chronic sleep -753" 114 .038 -.018 -.294 521" -.266 226 .388 -.121 242
Max of out of phase -.005 .235 -676" .502 -.215 -.122 -.206 -.150 -.219 -.099 -.031

* Pearson correlation coefficient : p<0.05
** Pearson correlation coefficient : p<0.01

AW2: ActionW2, a computer software program for analysis of actigraphic measures to

discriminate between being asleep and being awake.

AF: ActFast, a computer software program for analysis of actigraphic measures to calculate

perfomance- and fatigue-related variables.
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fiE & ZOMoCERA E OBEA MG L7z, £
DFER, JHTHEB L OREFREICBWT, 08
MAEOMNEBICEERE AN, 72
VAS Dl & KA LHRAT & O [ THIBIBIER AT
bz, EXICVASOMEEEFET = v 2 )
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JETFIZDOWT D VASH & O TIZEDOMHEH
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B H B 7 57 OWE T b FE 2 L PR
ELEWHEO®HLZ E2ERL, 7Y v H—
TRAR T F R BE 57 FERAT 12 HL > T 2 % Bl
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b OFERIL, MOMFEEOHE L b —F L Tw
%27)28)'

o7 & EIRIEE ORIRIZOWT, 3 TIZEL
DEED D HY . RIFFETIL, HEIREEEDREIR
D—DThHbH LI LE (JESS) LIEHEICD
WTHGRT L72, ZORER, 9 &) LR LR
Fx v ) A D OREMIET B X CRRET & D
FHZIEOHBD A SNz, T OREHRIT, HERE
LT EDOHELHEESELHDOTHL., £
2T, b o LIEMECEEIN 2 IR EE O Rl g ik
IR EDERERDLTZOIZT 7747774
VTG L7,

TITA4T 7741, HFEOEHTHERZL)
2, BECIRENZFETHY, 1HEMDME

fegag L CW TS ISR 52w, i
BOYV 7 M HWTHETS 522 L1280, HER
BERH — 7 71 7 ) AL DEEDIEE &
ETHIEDNTELYY, Fi, MEIRFEEDH
ENIE, EFICIEMET, MEIRBEEDOBMICHBIT
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(PSG) & 90% L LD D 5 2 LAFED S
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BRIZOWTHES L7, TO2TA4 77740
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HHIZOWT, BURFEO NGB, FHERERH]
ARFZOTRERE EELEY—F, 55001
DORERBEILY Y — NI, BEEFICHTESTHED
TIWEREIZE GV E W) RSSO N KT
(2, BEARE R RHEIRR IOV TIE, B
PETREHARTHEREICEVE VIR TH-
72, Thbb, EHHCIERREESASND Z
EWbrol. E5IT, TIT47 574 DR
MEFOHE LRI OMBEMERE 25 & 57
B &SP BIEE , R, ARTR O RRERER]
HBEIYY—F, 55U EORBELEY —FD
IS TIEOMBE A 20, FOFICIEIRRER, [E
RE L OMICEOMBEEED. TI/T747 7
TAOEFIHEB E 7)) v —EOME % A5
&, HEERERE, ARBZOREERRE HETE
V—F, 50U FEOEBEIEY Y — FORIZAD
M Z ROz, DLEOKENS | MRS &
G BAZE L TWAE Z EDHLE NI o
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FEIRFESE 1 X D JESTEEAE e B &\ ) el
3% HrY. TOREMLRb DL LT, DA
BE B MEIEIHEGERED DT H A2
NLBHE, FRICHEEER RO 2 Bl 2 8 g
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Fig. 1. Summarized scheme of interaction among the psycho
fatigue.
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