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F 1 T IIRBE S OREATT SRE & ORFFERE DT 17—

#wmE (n=111) BEA (n=37) p {&
Fin 58.3+ 9.1 64.1+ 8.9 ns
B (%) 91.9 75.6 ns
SIME (%) 37.8 72.9 ns
MERAE (%) 29.7 45.9 ns
IEHREE (%) 56.8 45.9 ns
2MHLEEE (%) 27.0 35.1 ns
R
FIEE (n, %) 20, 8.0 6,16.2 ns
BIRE (n, %) 9. 8.1 3, 8.1 ns
#EirE (n, %) 11,9.9 4,10.8 ns
BR5E¥ (n, %) 19,17.1 1,2.7 p<0.05
H—EZX (n, %) 14,12.6 6,16.2 ns
EHE (n, %) 11.9.9 4,10.8 ns
R (N, %) 14,12.6 2,5.4 ns
B=¥(n, %) 0.0 8,21.6 p<0.001
FDfh(n, %) 13.11.7 3, 8.1 ns
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Relationship of Work Hour and Mental Stress — Focusing Gender Differences of Stress Vulnerability
Kazue Fukuyama" and Nobutaka Inoue™
UClinical Research Center, Kobe Rosai Hospital
“Department of Cardiovascular Medicine, Kobe Rosai Hospital

Karoshi, which means death from over-work, encompasses suicide related to overwork and is an extreme
outcome of cardiovascular and cerebrovascular diseases. Long working hours is one of the crucial causes of Ka-
roshi. Focusing upon difference between men and women, the relationship between the work hour and occupa-
tional and mental stresses was evaluated in consecutive 420 outpatients (male/female=300/120) who visited
our hospital for medical health check. Occupational and mental stresses were examined by Job Content Ques-
tionnaire (JCQ) and Self-rating Depression Scale (SDS), respectively. Job demand and job strain index assessed
by JCQ were significantly correlated with work hours in both men and women. Mental stress assessed by SDS
was significantly correlated with the work hours only in women. Multiple regression analysis revealed that de-
pression was significantly associated with the working hours in women, and this association was mediated via
occupational stress and reduced job support. These findings suggest that women might be more vulnerable to
occupational stress than men. The most crucial issue for the prevention of Karoshi is the improvement of the
work environment including the adjustment of working hours, reduction of occupational stress, and social sup-
port. Furthermore, considering gender difference is important for the establishment of labor policy.

(JJOMT, 65: 147—152, 2017)

—Key words—
stress check system, cardiovascular disease, karoshi
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An elderly case of longed QT syndrome in which multiple factors were involved
in the onset of Torsade de Pointes—From viewpoint of polypharmacy—
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HEMEHPEERRIMT % &) mdEE &
3. BicEnE 0SAE, BICX2EEREROREE
BEEDS {, HEEEPEESREE 2 > TV 256
&, —HIBET 3 LHEELT 25EA1% ., £,
HERIICHEE L N B L EDE L DAL I
TWBIRE, VWbWwaRY 77— —F, BED
HREEROB T 2 EELZMEROOEDTHD,
BROBMEEELZET 2RI, #ARIRERS
QTEE#2 E - THHEEDH 2EZ2RET 285A
X, FICHERPDETH S,

SRk 4 1, ErEDEEOBEROMES 5
QT IERIEBREZ Z7- L, TdP % 72 L i % %
Bl 720 THET 5,

TEB

BE 88K, ik

FER Ko, RS

BEAERE © 54 R DREZE, 54 kR BEE REIE,
77wk FEOEME L ESET, 79 Rk FIEEMR, 82
R FEAOAE, 84 mKRF MEEE A E IRAEAE.

KIGPE : FiadHEL L.

4ERE © ADL Bz, fRIERE(-), MREEE(-)

AIRE : 7 b2 ¥ F > 5mg/H, V~v7RrA

FPLVT7 7T A1 ug/H, LAFud MY
7 A50ug/H, 7¥ A+ X L7 7 45mg/H,
AFTYS5ZAF 10mg/H, 7 7EFY¥20mg/H,
Jnvavighayyh3g/H, BEEI5g/H, AR
L¥Y v b 20mg/H, 709,87 =/ > 300mg/H.

BRE R EEEANR—LICAFTRTH -
D3, Rpf - REEE X2 LMPEIc AR L ko7,
ZORDLEXICT, EeEE7 1 v 7 (QRS rate
33/min), QTc 533 ms & QT Rz RO 7203, FHfF
MAERERREO - D ICARS N TV 77 =/
> (300 mg/H) Dk, B X MK K IfhE (K 2.8 mEq/
L) O X b 0vEE 68 bpm QTc 425 ms & &
ZUIEREEDRD 7720, 10 HEICRFIE#EEZA
A= BBEE 7o 7z,

L2rL, ZoiRpe 1 A HE, BEEM - K8Er X
7L, Yhi~famer & ko7,

W AREREIRAE B 153 cm, FE 52.4kg, IR
1 40/47 - ¥, [MFE 140/60 mmHg, i 36.0°C,
P BRI 97 % (BN, WEIREL 15/ 57, HakiG A,
ARfgA I E 7 U, ERERGSIEE e L, SHERIRASER
L, Mol D (-), WEE PHEIRERZ L, &
B BRI, DUl VEMEA U, R RERTR(-).

12FELER (R 1A) L% 38/, @EE=ET
vy 7, QT/QTc 720/600 ms, * 7-f&EHIC5E4E
E7uy 722 L% (E1B).

B X 2 (R 2) : DFERE 62%, MffiE i3 0 4
7 A%, BEHH -z D7 .

MREEZARR : F 1 ISR T X 91, 15 K E (K
3.6 mEq/L) & £ ¥, Mgf#(1.73mg/dL) DK T %
BB 7=, BNPHEIZ, 220.6 pg/mL & EFH L Twi,

BEESCT : Ho R RE 2RO ko7,

ZREE0 T O — @ AEPRARWIE 47 mm, =
FAAIARE 23 mm, KEIIREE 32 mm, ZEEEE 35 mm,
B H 3 60%, 0% FEEE)E 8 mm, /o %EEIE
10 mm, MR mild, TR mild, 7&ZREEE) I IEH,
WK LA B MEE RO Lo 7,

BHOERSFES LA TdP D 14
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[ ARzES L EX)
HR 43bpm&EEZ 70Oy 7 QT/QTc 720/600 ms

R f‘f:ff 't

HR 38bpmZELEE7Ov ¥

11111111111111

10 sm/a¥ 25 ma/s

lﬂnﬁ’l 25-’:

1 DERMR

A ABERLER B - RO ER

At coféil & ABRROFAH2 6, QT ERIE
R, EEEETuy 7 LWL, KMIEEY
vy ZWIERL, QTIERDEFERIZ, BE7ay 7
WX ARARICER T 250 LA L 7, RIRICHE
FERZEHL, FOAEHEL2EZL TV ED
5, BE7ay 712 L TE, R—RAX—AHAAR
FEE L7, LaL, UPtABE 2 Kk, LEMIC
TOLEIINGEZ Z L LT TdP 2322 & 17 (B
3). L EEOFKAIZ, TAPIZX 3 b D & W

078 LMk Vol.49 No.10(2017)

L, BAX—v v 72T L7,
ZOBRDEMREL LUV QTc DfFBEZE 4 127177,
D70/ 3 DA A= v TR, F2WH
DI D EHIAMIE I3 L, TdP IZHKk L%, Ly
Lads, BEREE7uy 7GR L Twik,
BRI 28 2 D RER & BEA RN L T, BiRG
ET7 7TV VERAEIED O ERNRS LTS,
EREQTERZEALTEHRNLE LTERBICXS
KETFEH, £4277€FY B850 QT ER/EH
bEEL, FIEZ2PIEL 72, QT IR @Atk K
ELTOEK MIEDHIEZ{T- 7225, QTc (3% 8
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HEART’

Original
*1 ARBILERE
[ B ol %] AL
- WBC 7980 /mm’  Na 141 mEq/L
RBC 401x10* /mm* K 3.6 mEq/L
Ht 38.9 % Cl 109 mEq/L
Hb 13.4g/dL Mg 1.73 mg/dL
Plt 24.3%x10" /mm® CRP 0 mg/dL
LDL-C 70 mg/dL
PT-INR 1.46 HDL-C 34 mg/dL
TG 124 mg/dL
G FBS 137 mg/dL
TP 7.0 g/dL  HbAlc 6.0 %
Alb 3.6 g/dL  TSH 0.02 #IU/mL
AST 29 IU/L Free T4 2.23 ng/mL
ALT 121U/L  BNP 220.6 pg/mL
LDH 181 IU/L
= CPK 210 IU/L
CTR 62% BUN 9.7 mg/dL
TOHSAY - BERS >0 e 0,65 mg/dL
2 ABREFREE X 18
(ABE#OLER]

10 mm/mV 25 mm/s

I

. ()

ava «“;’1"
avi ‘
ave

v PN

\2

P

Va

WAVE REPORT 185721 Gondition : Rest -
1 /VM{\/WW
1 | WW‘

3 Torsade de Pointes il 12 FEOER
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QTc(ms)

R
|  BEAS

lfvax—ﬁﬁﬁm

650 T

600

QTc

550

450 \

400
° &
K il / K&
4 — —o—o—eo—o—o
— /
K {&
Mg f& —
Mg &
(mEg/L) 2 /\ g
(mg/dL) / N—"

1 7
HIEE (78 R)

1 7 14
W (wA)

4 ABREEE

W H % T 500 ms BRI CTERIZEIE L T\,

H8WH, BEAEE7Tuy ZIZHLR—AX—7
RA R % fEAT L7z, 2 D85 148 HICIE QTe D
BGE DAY, 0 16 7 HIRPE, BAE £ TREREEZ <
BEINnTns,

QT R DJRFIC 3K - ZXMED S D2DH
D, ZXEOKRE E L CRYEESE, ERE R,

TRIRMEAEENR, LR, PIXERRE, EERES

| 1080 L& Vol .49 No.10(2017)

b5, REGIOGEIE, QT ERZ &7 THEADON
R(7 7€FYy), BRERRE KAL) 7 LIME),
HERBEE7ay 7, X500 EEAS
EHBOERDEEG L LEZ o,

T Sasaoka & &, FHIZITEGE AT RS
HAEHEIERT 2 BRESEEH 7 — 9 R— 20K
26, QTIERZ 2/ TROAEFRRAEER DR,
Mama2iToTwa?, 2tk 2 & QTEED
HEFRROFAER, Ik THRERENEL T
WA ZERERL, BN ONENEZ R
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HEART'

LTw3, REFITIE, QTERZEATHEELT
PiEE I (H2 ZREREVE : 7752 V) NI
INTEL,FEBICHAS L TWwREEZ NS, 2004
fEIZ Lee 578, 7 7 F P VICEAT 3 kM QT
MERGEBEREZHE L T2, Yun 513, BEIC
BT 3% 371,401 AODLERT—FRX—=A067 7E
F ¥ VARRIC X 208 M2z FMICHKRET L T
5, ZOBEERICEZE77EFVVIEBERIC
QT LR S ¥, FfiIC{K Ca liE @ B H TlEFH
38 ms, & Mg IMUE D EE CTIEFEYI 67.08 ms QT %
ESHRIEZRELTE0Y, HIcEBRERY
ZREIREBITIZ 7 7 £ F 2 VI X DEREIRIER I
HETAIHLEDD S, HiLD Sasaoka & DEIEFHE]
B 7= R—=AD 6 DT, 77EFT VD
QT iR # & 729 4 v Xt (Reporting Odds Ratio)
134.2 THote, 77EF P VIIMERABEEORE
TRRH 5D, QTEEDY X 7B L TIFHIC&HE
ICWNBERETH S, 77EFP 0L QTR
TE ORI L Tk, HERG BIZ T2 RIS &
HEK293 #fifid % F V> C L, i O o iR i o 5
ZICBH L T A TbNTWw 5D, 77EF
PV KL TEER o EHE I N T W
29 ki, 77EFCUNQTEER &
FTHIRFRORE R AZFHL 5 2P L T3 E2
Ho»icENTELT, 7752 v ofREEMD
HEELREINTWEY, £/, KEFITIE, ¥
RGO KIETNERS QT IEEO—RH EHE Z T,
BRG R EHEGEREZART LI LT, Ko Toh
Z270FNYFUBBaNF— LB aLF I
2 K (116-HSD2) ZHE L, EmLzan
F = ADRME DFE 2L F a4 FREEICIEA
LT, Na DB ZEEL, KEREZmsE 2 2
ECERKIMEZ 277, ABICREREE70 Y 7
PRI L7 QT EOMEIIINZ, 772FY v
D QTIEEEH, BREICX 2EKIMAEIC XD,
TdP IEICE -7zt EZ 6N (F2), T LK
FHEZRICEB W TOMAMEEI NS, RICHERER
5,

Original
*x2
B Z 4T o 7 A JHRE L o
T ENANRY F v 5mg/H —
Ve 70A N7V T 7T A 15 png/H —
LRFrFrv 50 ng/H —
FEXArO XML T 7V 45 mg/H —
LTI AL 10 mg/H —
7rEFOV 20 mg/H O
TNavEEh v L 3g/H O
BRE 15g/H O
ARLFH b 20 mg/H —
Tansy /) v 300 mg/H O

Ei bt ERME D E2E LT, KV
77—y —0BEFEHINTWwS, World Health
Organization TlZ, RV 77— — L IZERFICE
 DEHIZBEICHGINTHEIEEINTND
27 FHIL LR T HIER Y 77— —Tdh B
LY AHIRE R ERIZ WY A TIE 5 AL B R
V77— —LEBINTLIEAIS LR,
EgFREOH 2R 77— —E LT, EHW
12 10 AL ENIRSS, BYIMHAEERAOfEBEEET 2
Ba, TRe7? 7 v AORECREORH S 2 2 7
THAERRFICMHEE RS, RV 77—<v—DER
2, BEE ISR O EENENS 2. Sl
L DEREHT D5G0% L, WRTHEHI NS
BT A P74 VICHERLL TEZ ST 2581340
RIIZRY 77— —ti 3, HEZMICHAE
Hod 28EMBREBGINZHELHD, HLD
KEF DFRRER I =2 T IC R L TR 21T ) S
Db 5. AEGOLE, BIBLELESE, BERYE
i, FEOEVELESEN, RIEERR, @AW, BERE
BRI LS OIFFREZ AL Tl 4R
BicEBnTiE, 77EFPy, BREOKREZHT
LB E T2RETHRL, RV 77— <> —DHE
EBLOHEZIERILLEDEZL OGN, EBREIE

BEHOERIES LA TdP D 15 1081
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210820

BB LT, ZERSIADVBELVIEPITH -7, 58
DX RIRWL T TR, BEYEOWRZ S
TILF, HETHIEEZAONS,

HERE

BEE OB D TP FIEICBHE L 72 QT T REAEM
O 1Pz L 2, EEOLE, YR S8
LTWAAETYH, MoBERMb 2 EEELS
EEROFKIETAME L L 2L H D, KUY 77—
v =iz, EbtEoEARICE TR HATY
AREHBELHJETH 5 2 EDHER I NI,

Xk
1) HiRfEE, ¥ X, BN B 132 QT ERAEMREE
(FeRME - kM) & Brugada FEMEREOZHICE T 2 4
A4 F 7 4 » (2012 4F ¢ 1 kR ) http://www.j-cirs.or.jp/
guideline/pdf/JCS2013_aonuma_h.pdf(cited 2014 May

09)
2) Sasaoka S, Matsui T, Hane Y, et al : Time-to-Onset
Analysis of Drug-Induced Long QT Syndrome Based
on a Spontaneous Reporting System for Adverse Drug

Ll Vol .49 No.10(2017)

6)

7)

8)

Events. PLoS One 2016 ; 11(10) : 0164309

Lee KW, Kayser SR, Hongo RH, et al : Famotidine and
long QT syndrome. Am J Cardiol 2004 ; 93(10) : 1325-
1327

Yun J, Hwangbo E, Lee ], et al : Analysis of an ECG
record database reveals QT interval prolongation po-
tential of famotidine in a large Korean population. Car-
diovasc Toxicol 2015 ; 15(2) : 197-202

Sugiyama A, Satoh Y, Takahara A, et al : Famotidine
does not induce long QT syndrome : experimental evi-
dence from in vitro and in vivo test systems. Eur J
Pharmacol 2003 ; 466 (1-2) : 137-146

Vargas HM, Bass AS, Koerner ], et al : Evaluation of
drug-induced QT interval prolongation in animal and
human studies : a literature review of concordance. Br
J Pharmacol 2015 ; 172 : 4002-4011

WHO Centre for Health Development : A glossary of
terms for community health care and services for old-
er persons. World Health Organization, editor. WHO/
WKC/Tech.Ser./04.2. 2004. Geneva, Switzerland. Age-
ing and Health Technical Report

Mortazavi SS, Shati M, Keshtkar A, et al : Defining
polypharmacy in the elderly : a systematic review pro-
tocol. BMJ Open 2016 ; 6(3) : 010989

Taleb M, Abed Al-Kareem A, Dahudi AR, et al : Poly-
pharmacy in Primary Care Practices among Chronic
Elderly Patients in Gaza Strip. Pharmacol Pharm
2014 5 5 291-297
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ARVARBREZEDHREDSRI:
O MEmF

— LOX-Index®DERMY —

WwWn S A D X 7= B

HE EF

-

R

A

WITRAEANFBERRTEHE
5 SRR Btk 1BiRgEsAR

ARVARBEFTETBERBDREPRELMICRIEHELTNS. KETIF, B{EANLVADER R
HSLOX-IndexIc & D hpi MM ERFERED Y X T ¥, FHHHIA SLUADFHEICDOWLWTHEIE T S.

ARLRIGE

HRIIA M AHATHY, AIIHLAANL A LE
HoTHEF LTV, APLAIZ, ST LREBOR
JERTHR BT ISR LT 5. Bl 21X, AR E
PEZARD7012, BH (AL v H—) 128 UGS SUG

(APLAIRE) 2R3 PIildEnrOi2 2L, HE

1 XPLRAREERBEDR R

ARV A

4

ARLRIGE
GBS RS)

L4 b

CHiimus 2017 No.92

PEDSHEFF SN BA5, A DL AN BIEAL L Fifi 35 5541
PEBEL, BISBUSSBEAE LT WL, 2H LA, AL
IR BIIEOER E 22 ), WERNT-L 425 (B1) .

DR % % 27254, DIERITSFSEFLAIL
ADEREN S, DIRO B, MR ORI 5
FEBRIG 20 ZA N L 2R L, (O, i M e 25
5. F72, BERWE, FRE SR E, BT % & O Gk
W, DERICBWTHILA ML AZ R S5,
FRAL A ML AL, I PN B2 B RE R 55 % 4 L C B IR AL
PEOIMAE R 25 SR 2. /M A ML 2, 958
BIEBOBRRBIERICHBOTHETHLILIZEIET
v, FRICIR L 0 X9 2RI TIE, BREEME A b
LADFEMIZEETH 5.

RETIE, BALA NV AOB A S I3 D /3 A
*~—4— [LOX-Index| ZH.0\MZ, FERIYA ML R &8
AEARL AL DB LT, DA D2l
AT 5.

LOX-Index — B{LRA ML ADE=NSIRZ I
B D MERDONAFI—H— —

b A ML AW, WEVENE R AR VR SR 2R
DOARHHIZE>TEL D (R2) . JTLHELZZBIEL AL A



(&, M N BERE R OB IR R K TH Y, —F Tl
HOEEILATHE—LTHHLDLOFEALIYIEHiC L
DAL SN 72 ERALLDL 2 4 U C LA N B2 B hE B 55 % ok
3. BRALLDLIE, WA PR AR RE I R - & L OO I 9
DA =T —%— (initiator) & LTEI 7217 Tld%L, 7
1€ —% — (promoter) & LTHEE LB EZ R721C
Wah |

MALLDLIZ, L7 F Y #ERILLDLZ 24K (lectin-like
oxidized LDL receptor-1:LOX-1) #4722 CHli%
ORI FOEZ 5 & 22 . LOX-1&, M4 PN M 72

JTiE R, A
X2

ZONH P, LOX-1D) 7 s A fEI8 Th A8
IO A Z 5 7% 7L — MCEMIEL,
LOX-UZHEA L2 RS v 3y 8 % iapoBHufk T
354 N4 v Fenzyme-linked immuno sorbent assay

(ELISA) ICEWET2HETH S, ThilLoT
WE SN BAEIX, LOX-LIZHE T SapoBE & A T4V K
TG THDLT EH S, LOX-1 ligands containing
apolipoprotein B (LAB) & #ri9° 5.

—77, MBI BT ALOX-LEZ DO —# A7 T
7T —BIZ XY A OMBBA F XA AT TEIW S, W

AMREEER EERFEERONGE TELBEKRILAN X

MR, 2 Al 7 &
SFESF MRS
HlaR0, ZORBITE
FIELRSMT, HWIC
X0, FA4F 30 21
INTWa.

LOX-1i%, M{LLDL
I TIE%RLT7THRN—
VALK oo s, #
ALARIMLER, J&3E Al 72
ERARRL, R
B R0 S e E R iR e &
DEFSFhhmHS
WCBWTEE LR H Y
HoTWBI ENHL,
o7z,

M OMILLDL &%
RRLOBEICE LTI
Z O HE SR
TWaAY, ThETORE
{LLDL ORI, Beik
LDLIZH 355Uk % v
TATbNTE LAl
ZOMALLDLYUAZ
Wl R, LY
Z D EY IR
WLLC W, E1UTH
L., B{LLDL D% %1k
LOX- 1D &% FIH L7z
FrLwille kst sh
72 (H3) ¥,

EEBRREER

NADPHZ F24—+
FYUFUARSH—t
URFS S F—E
SOnFEHF—E
NOAMEsE

EEBRFEER (MBRICER)

A=N—FFIRIOALE—F
hEeo5—+t
TIWEFFNINAFIE—E
FAURF
TINELRFT >

X3 LOX-Index DEZE

LOX-Index =

LAB (LOX-1UA>R) x sLOX-1

apoBiiik

A

LAB
ZMLDL

LOX-1i#Bast
I NXA>

FILOX-1xRv %
RXA > fdk

A
r sLOX-1

HiLOX-1#Hfast
NXA 2 HUA

Xikd) &Y
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ARV RAIREDHREHS BIciDMER TP — LOX-IndexdE Y —

R4 LOX-Index &RitEZEE BENR & B DR R T2 20 0 I K
HENb, Zhp T ER
u low LOX-1 (sLOX-1) TH 5.
190 S AR
7 —REAEFER (Y HF - IR
® A R R, 3 796 Br
3.15 WAL Yy —) I
¢ LTV &I, MHER
3.23 LOX-1:LAB®OF (LOX-
Index) A3 Al 28 % 56 B)
L 2 3 & R G 2E) D FERE
Ll A ek FTHTHIEEWLMIC
B low L729 . KLOX-IndexD W
Ky Jei%, 5306 B 2
. LUy —ICTEHISTY
® A [WRHBFZE | # X—Z12L
THifT L7z, eI,
E GBS Rt se 2 > & —
.29 HYE B % K BROFF WK T
Raxfg e L7 O
1 2 3 4 ORI 3R —MIFZETH
R . £92,500 A% %91 1436 B
AZLOX-IndexPEE2~ 4B i1z 51 SRAER ORI T hIEL E LRI, LZZIRHAFZE 2> 5, LOX-
B : LOX-IndexM 4R A LI 52 BEIMRKBDRERI/2FELLEEFRICH . Index?s, 5 104D
Jibi A S - G B 2 T 28

LOX-Index

high

LOX-Index
N

N

high

Xik4) &Y —EWE

5 LOX-Index&E7Z3IXHALURY ZAT oD REIRAEERIE) R

4.0 4.0 7
p=0.0002 p=0.0023
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Log-LOX-Index
w
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w
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7IIVALYRIZAATICEZBEHAREEBI10FE YRS 7IIVALVRIZAATICE B BEHAREEBI10FEY RS
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WCRELSET2ZERWSTR -7 (R4) . WRHHF
DR — MFZEIZXY, LOX-IndexS @ TH A &
W&, HE ZE D FAE 2N — RILTL744%, O
FAE 2N — FIT2.095 128 m s 729 . 2ok
LOX-Index!Z, FB{b A b L 2D 52 & KL ILAE 95
FIER T HIT 2 H ORI CH LI LR
WHOMD THUE SN HLDLaL A5 T — )L o
ZEVTCUE, BE 2E -0 A 2E 00 SR T NS I BRAR AS
Hotz. DFD, DL FIEL 72 D31%IZLDLAS
EAHTRWIEDTRENT WSS | $72, M5 R &
LDLE DOBEMIZZ N T TOMIRIFIE TIEHRE ST
W57, LOX-Indexi3Z9 L7ZLDLOfERNT-£ LTo
RAZEETLLDEEZONS.
75IVHAL) AL AT, wERET GEILE, B
BEVERE, BRI, BUE O HE) 72 5104 M oL IE A
RYMBIEOVAZ 2R THODTH A, KFEIZTH
Bt D fEFI453 N BT, LOX-Index: 753V A4
AZAATEDOHEEMRF L7z, FOfEHE, LOX-Index
DX BERAEL, 79IV HLVAZ AT Tl L7
104 O BRI BISE ) A7 EFZICHB L TWw iz
(R5) . 25D AR, LOX-Index s /L LA % D
NAF—=H—THIIEEMNTEHDTHA.

B RNVRELOX-1, ZULTESTE

&I, LOX-12SFRIL A ML A L FEMI A P LA L&D
BIFLEEREES T TH AWML R EN. OF
D, BRALAPLAEAEMIYA FLAD LTV B END
e AR ENT WA, AnderssonH? 1, Hiiz &
DM A NV AZEM L72T v b T, LOX-10 %83
PHWIMLTWAEZE2MIELTWA. TDLHIZ, Y
ARVARLOX-1Z M LTHBILA ML A7 TOA =2 1L
TWAIREMEAVRIE S L7z,

—77, BSETEA PV MG A ML AR KR § 58
FIENL, BUEHARD R R E e b EE AL SO
—DThbH. MWIFFER I HKHE AL O T, #I75E
SEld [EFBITBUT 208 5 2 BT IS X 2 I I 5 A
LGOI B RRE 320 A LITEBICBITS
SRVGD BRI EIC X AR 2 EIR & A ERRIC K
LA NF T NS ORI B L DB L
CITAFMBEE | L LT, IEMICERINT VAL, #@5IE
DR G ORI L, R B E LT, ORI

6 LOX-Index CEMHL/-EE{L AL R E,
SDS TFHfi L /- 45 #RY X L ADEE

4.0 4 '
I
= YT | Ttk
AY
2 351 |
X I ns
A b
=
£ I
-~ 1
Py 30 _ . gl e .
2 1
£
3 !
— 2.5 A 1
a0 I
= $TuuR3 | $T k4
I
2.0 T T T )
20 40 60 80
SDS (¥#RI AR X)
ns : not significant
H Tty M, 21F, LOX-Indexh & 5FAf L 7= EB{E X b L X H T
LTWBRIEEMEN S V), Ty b2, 41d, SDSTEM L /- #5144
BZRLZD TTHEL TN S,

Xik8) &Y —ERRE

(B If) , @< BT HI, R AE 28, (@8 i 514
i, D B E LT, OO, @0, @01k

(U BEIEZERIE T & e) , ORBEVE R BIIRFE A3 51T 5
Nb. IO BRI, EANE, B E ORI H 4
DERBEHR 1032 DFEFEZB 53575, WSENED K 7
ERFEHRTHL2EGEITBHLEALINS. ZDLXSH
2, WSO FEE R BRI B IRTE AL % Je g & UCRE
T HMLMERTH 5.

BYIRAEAL 0> F6 i HE J (2B 53 2w LT, M B SR
I, BERIG 7% & QAT B IE, AN THRILA ML A
DOWRE KT, F72, YA DL AR O 56
JEICRCEE LTS, 2H Lz EE T4 L, LA
FLA LR AL A L OB Z LA TH T LI,
IS 95 FERE B i D R F- 8 A ) 2 5- 2 BT e P23
5. BTk @O AL FEERESICB VT, 1
I ODIREETH Hself-rating depression scale (SDS)
THHl L 728 A LA &, LOX-Index & DR %
Mat L7z,

SDSIZ, KEDukekKFDZungHIZ X o> TR &7z
O OMEZFM§ 2 HOFERETH Y, 200 HHDE
TR 5. T4 DA Tld, SDSTHEDIN L FEt
A RL A ELOX-Index& DRIIZ A AR RRD 2
otz (B6) 8. L2L7&d%s, LOX-Index& SDSOTH
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ARV R IBEDHREHS BIciDMER TP — LOX-IndexdE R —

LRSS 5 2 812X, FIEB ORI A L
AEMBALAPL AL RPN EEM§ A S TEBEHE
25. 3 bbb, LOX-IndexZ i li4 2 &I12XD, BR1L
A ML ZADBLED SR MLE TR O FHE DY) A 2 % 5T
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Clinical Features of Coronary Artery Disease Patients Living Alone
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Overwork accelerates thrombotic reaction: implications
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Abstract

Work-related stressors are potential causes of cardiovascular diseases (CVDs) and stroke; however, the pathophysiological
mechanisms by which occupational stress induces and exacerbates CVDs remain unclear. The global thrombosis test (GTT)
is a novel in vitro assay for evaluating both thrombotic reactions and subsequent thrombolysis. The time required to form an
occlusive thrombus with the GTT, called as the occlusion time (OT), and the time to lyse the thrombus, the lysis time (LT),
are markers of thrombotic and thrombolytic reactions, respectively. We investigated the impact of work-related stress on the
thrombotic and thrombolytic reactions in 46 healthy medical residents. Off-duty or on-duty blood samples were collected
on the mornings of non-work days or after the night duty on the emergent room respectively. The duration of sleep was
significantly shorter during night duty than during off-duty nights [2.25 (1.0, 3.0) h vs. 6.0 (5.0, 7.0) h; p <0.001]. Baseline
OT was 310.3 (260.9, 437.7) s. whereas the on-duty OT was significantly shortened [284.2 (230.5, 355.8) s; p<0.01]. LT
was significantly prolonged during overwork conditions compared with off-duty conditions [1547 (1346, 1908) s vs. 1470
(1219, 1692) s; p<0.05]. Overwork accelerates the thrombotic reactions. These reactions might explain the pathogenesis
of overwork-related CVDs. The GTT is a good tool for evaluating of the level of fatigue.

Keywords Work-related stress - Thrombosis - Karoshi

Introduction

Various factors including economic globalization, techno-
logical innovation and lowering birthrates combined with an
aging society have induced rapid changes in the workplace.
Consequently, the circumstances surrounding workers are
worsening. Work-related stressors are implicated as causes
of cardiovascular diseases (CVDs) and stroke. Karoshi, the
term for death from overwork, also encompasses suicide
related to overwork and is an extreme outcome of cardiovas-
cular and cerebrovascular diseases. Recently, a meta-analysis
using a large number of populations clearly demonstrated
that employees who worked for long hours had a higher risk
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of stroke and coronary heart diseases than those working
standard hours [1]. Thus, occupational stress plays a pivotal
role in CVD onset.

The pathophysiological mechanisms by which occupa-
tional stress exacerbates CVDs remain unclear. However,
these diseases share a common pathogenic factor of abnor-
mal coagulation fibrinolysis processes. There are various
methods to clinically evaluate the coagulation—fibrinolysis
processes are clinically used. The global thrombosis test
(GTT) is a novel in vitro assay for evaluating both the high-
shear-induced thrombotic reaction and subsequent throm-
bolysis. GTT has some advantages compared with other
usual methods [2].

In the present investigation, the impact of overwork con-
ditions on the thrombotic reactions were examined in 46
healthy medical residents using the GTT. We propose that
the GTT is a potential tool for evaluating fatigue in workers.

@ Springer
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Methods
Study population

Between May 2016 and August 2017, 46 healthy medical
residents [28 men and 18 women, 30 (27, 34) years old]
who worked at Kobe Rosai Hospital, were enrolled. All
participants were interviewed and clinically examined, and
free of illnesses. Off-duty (baseline) blood samples were
collected from the participants at 8 a.m. on off-duty days.
On-duty/overwork (stress) blood samples were collected at
8 a.m. after the participants had finished night duty in the
emergency room following a full day’s work. Immediately
after the blood collection, the thrombotic reactions was
evaluated with the GTT as described below. Hemoglobin,
hematocrit, platelet counts, activated partial thrombo-
plastin time (aPTT), prothrombin time (PT), plasminogen
activator inhibitor-1 (PAI-1), and serum levels of cortisol
were also measured.

Global thrombosis test

The GTT is a novel comprehensive test of platelet reactiv-
ity, coagulation (thrombin generation), and spontaneous
(endogenous) thrombolytic activity. This in vitro assay
system evaluates both high-shear-induced thrombotic
reactions and subsequent thrombolysis under physiologi-
cal conditions by using non-anticoagulated blood samples.
The GTT principle has been previously described [2].
Briefly, the GTT test tube has a conical part in which two
ceramic ball bearings are located, and narrow gaps exist
by the ball bearings. Blood is drawn from the antecubital
vein with a 21G infusion set into plastic syringes. When
whole blood (4 ml) is added to GTT disposable tube, it
flows through the narrow gaps by the ball bearings and the
droplets are collected in a reservoir. As they pass through
the gaps by the upper (larger) ball bearing, the platelets are
exposed to high shear stress and are activated. In the space
between the two balls, platelet aggregates are formed and
thrombin is generated from the activated platelets. As the
fibrin-stabilized thrombi reach and gradually occlude the
gaps by the lower ball bearing, blood flow is reduced and
then arrested. The instrument measures the time between
two consecutive blood droplets. This time interval gradu-
ally increases as blood flow slows. The end point of the
measurement is displayed [occlusion time (OT), in sec-
onds]. Subsequently to the OT, this system can measure
endogenous thrombolytic activity by detecting the time
taken until the restart of blood flow [lysis time (LT), in
seconds]. A shorter OT represents enhanced platelet reac-
tivity and the coagulation cascade, such as that which

@ Springer

occurs in a prothrombotic state. A longer LT represents
decreased endogenous thrombolytic activity.

Statistical analyses

Continuous variables are expressed as medians and inter-
quartile ranges. Differences between the two groups were
analyzed by the Wilcoxon matched pairs test; p<0.05
indicated statistical significance.

Results

Sleep duration was significantly shorter during on-duty
nights than during off-duty nights [2.25 (1.0, 3.0) h vs.
6.0 (5.0, 7.0) h; p<0.001]. There were no differences
between the on-duty and the baseline/off-duty samples
in hemoglobin, hematocrit, platelet count, aPTT, PT, or
PAI-1 (Table 1). Blood pressure and heart rate did not
differ between the on-duty/overwork and the baseline off-
duty measurements. The levels of cortisol in the on-duty/
overwork condition were significantly elevated compared
with the baseline/off-duty condition [11.0 (8.88, 13.85) vs.
7.2 (5.39, 9.65) pg/dL; p < 0.05].

The measured OT at baseline was 310.3 (260.9, 437.7)
s, whereas the on-duty/overwork OT was significantly
shortened [284.2 (230.5, 355.8) s; p<0.01] (Fig. la).
Furthermore, LT was significantly prolonged during the
on-duty/overwork conditions compared with the off-duty
conditions [1547 (1346, 1908) s vs. 1470 (1219, 1692) s;
p<0.05] (Fig. 1b).

Table 1 Comparisons of various parameters between baseline and
overwork condition

Baseline Overwork
Sleep length (h) 6.0 (5.0, 7.0) 2.25(1.0,3.0) p<0.001
Hb (g/dL) 14.7 (13.6,15.5) 14.5(13.4,15.5) ns

Hematocrit (%)

Platelets (x 10*/uL)

aPTT (s)
PT-INR

PAI-1 (ng/mL)
SBP

Heart rate (min)
Cortisol (ug/dL)

42.8(39.5, 44.8)
22.8(21.3,26.5)
30.0 (28.0, 32.0)
1.10 (1.02, 1.16)
13.0 (10, 21.0)
122(112, 132)
70 (68, 83)
7.2 (5.39, 9.65)

41.2 (38.6, 43.6)
22.8(21.5,27.7)
29.0 (27.0, 31.0)
1.13 (1.09, 1.19)
16.0 (10.0, 23.5)
122 (112, 130)
72 (66, 83)

ns

ns

ns

ns

ns

ns

ns

11.0 (8.88,13.85) p<0.05

Variables are expressed as medians and inter-quartile ranges

SBP systolic blood pressure, Hb hemoglobin, aPTT activated partial
thromboplastin time, PT prothrombin time-international normalized
ratio, PAI-1 plasminogen activator inhibitor-1, ns not significant
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Fig.1 a Effect of overwork on occlusion time (OT) and lysis time
(LT). The measured OT at baseline was 310.3 (260.9, 437.7) s,
whereas the on-duty OT was significantly shortened [284.2 (230.5,
355.8) s; p<0.01]. b LT was prolonged during overwork conditions
compared with off-duty/baseline conditions [1547 (1346, 1908) s vs.
1470 (1219, 1692) s; p<0.05]

Discussion

Thrombotic conditions differed significantly between on-
duty/over-work and baseline/off-duty conditions. On-duty
OT was significantly shortened compared with baseline OT.
Furthermore, LT was significantly prolonged during the on-
duty/overwork conditions compared with the off-duty condi-
tions. Thus, overwork accelerated the thrombotic reactions
by activating platelets inciting the coagulation cascade. Fig-
ure 1 shows some GTT measurement variations, especially
LT, indicating individual variability relating to stress toler-
ance. These findings might reflect clinical observations that
some people survive in conditions of extreme stress while
others succumb to it.

The mechanisms whereby overwork accelerates the
thrombotic reactions remains to be elucidated. Regarding
to physiological and mental stress such as overwork, two
major systems are activated: the sympathetic nervous sys-
tem and the hypothalamic—pituitary—adrenal (HPA) axis [3].
Stampfli et al. showed that mice exposed to restraint stress
displayed increases in arterial prothrombotic potentials as
assessed by photochemical injury-induced time to throm-
botic occlusion. Chemical sympathectomy prevented these
increases [4]. These findings suggest that the sympathetic
nervous system might be involved in the thrombotic reac-
tions that are accelerated during overwork conditions. In the
present study, the levels of cortisol in the on-duty/overwork
condition were significantly elevated compared with the

baseline/off-duty condition. It is reported that the cortisol
levels were also directly correlated with fibrinogen and von
Willebrand factor antigen levels in several clinical settings
[5, 6]. Taken together, it is possible that overwork could
accelerate the thrombotic reaction via the HPA axis as well
as the sympathetic nervous system.

In conclusion, overwork-related acceleration of the
thrombotic reactions might explain the pathogenesis of
CVDs. The GTT is a potential tool for evaluating the levels
of overwork, which might help prevent overwork-induced
CVDs such as Karoshi. There are several limitations in the
present study. First, the numbers of the participants were
small. Second, all participants in the present study were only
healthy medical residents. The subjects with risk factors for
atherothrombotic diseases would theoretically be more sub-
ject to prothrombotic states than healthy volunteers. There-
fore, it is necessary to confirm our findings in participants
with atherosclerotic risks in a larger scale investigation.
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Prevention of thrombotic disorders has priority over treatment. There are only two pathologically rele-
vant tests which are suitable for measuring the overall thrombotic status both in experimental conditions
and in humans. The Global Thrombosis Test (GTT) and the Global Parallel-Plate Thrombosis Test can detect
the pathologically relevant global thrombotic status. These tests have been successfully used for monitor-
ing the effect of antithrombotic drugs and for developing novel antithrombotic agents. By using GTT,
varieties of fruits, vegetables, and regular physical exercise have been tested for the effect on global
thrombotic status. This review discusses the published evidence for the benefit of diet of selected fruit
and vegetable varieties and doing regular physical exercise on improving thrombotic status. Future clini-
cal trials monitored by GTT or Global Parallel-Plate Thrombosis Test could decide on the effectiveness of an
experimentally proven antithrombotic diet with regular physical exercise in the prevention of thrombotic
diseases.

Lay abstract: Prevention of deadly diseases like heart attack or stroke is more effective than treating
patients with already progressed disease. Epidemiologic studies raised the possibility that eating healthy
food and doing physical exercise may prevent thrombotic diseases. To create an ‘antithrombotic diet’,
fruits and vegetables should be selected and the benefit of diet and exercise should be monitored in
people. We found that the Global Thrombosis Tests are useful for both selection of antithrombotic diet
components and monitoring thrombotic status of individuals.

First draft submitted: 18 September 2017; Accepted for publication: 2 January 2018; Published online:
24 January 2018

Keywords: antithrombotic vegetables e cardiovascular disease e exercise paradox e fibrinolysis e global parallel-plate
thrombosis test e global thrombosis test e platelet aggregation e shear rate e shear stress e stroke

Arterial thrombosis/thrombolysis in vivo tests in experimental animals

Techniques using laser irradiation to induce vascular injury and subsequent platelet-rich thrombus formation were
established in the early 1970s (1-10). Helium-Neon (He-Ne) laser-induced thrombosis 7z vive model, which selec-
tively damaged the vascular endothelium has been used extensively in thrombosis research [11-16]. Yamamoto ez al.
found a good correlation between a shear-induced ex vivo global thrombosis test and the ‘gold standard” He-Ne
laser-induced thrombosis 72 vvo test [17]. The He-Ne laser-induced 77 vivo thrombosis test allowed the assessment
not just the formation and growth of thrombus but also its fragmentation, embolism and lysis [18-23]. Irradiating
the carotid artery of a mouse with He-Ne laser, real-time measurement of thrombus size and its changes over time
is shown in Figure 1.
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Figure 1. Measurement of thrombotic status in rodents (in vivo). He-Ne laser-induced thrombosis system (A). Measurement of thrombus
size in mouse carotid artery (B). Thrombus formed in carotid artery (A); thrombus delineated by software (B); thrombus formed by
software (C). Change in thrombus size over 600 s and calculation of the index of thrombotic status (C). Consecutive thrombus size over
time (A); an index of thrombogenicity (B).

He-Ne: Helium-Neon; T: Thrombus formed by software; W: Vessel wall.

Technical details of He-Ne laser thrombosis model

Evans blue was injected into a rat anesthetized with sodium pentobarbital. An intestinal loop was spread out flat on
a self-constructed object stage, which was mounted on the adjustable plate of an Olympus microscope. An O-ring
was placed on the mesentery to stop the movement of the vessel. Selected mesenteric arterioles and venules were
irradiated with a focused He-Ne laser beam of 15 um diameter. A single 5 s irradiation was repeated every 30 s until
an occlusive thrombus was formed. The number of laser irradiations is necessary to induce fully occlusive thrombus
formation was counted. The antithrombotic effect was assessed by the increase of the number of irradiations
necessary to occlusion [11]. Similarly, thrombus was formed in the carotid artery of mice [12]. An indwelling catheter
was inserted into the left femoral artery and the left carotid artery was exposed. Having transferred the mouse onto
a microscope stage, laser beam (200 pm in diameter at the focal plane) was targeted onto the center of the exposed
carotid artery. Thrombus formation was monitored under fiberoptic epi-illumination through a microscope with
an attached CCD camera and recorded with a video recorder. An image of the thrombus was taken every 10 s
over 600 s and the thrombus size was analyzed by Analyst software. In brief, the lumen of the laser-targeted vessel
was fitted into an optical frame, the grayscale threshold level was set to delineate the thrombus, and the thrombus
area was measured. The thrombus size was calculated by multiplication of the area and grayscale values. During
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Figure 2. The global parallel-plate blood perfusion chambers test. The various components of the blood perfusions
system are as follows. (A) pump for injection of test agents; (B) mixing chamber device for test agents in the flowing
blood stream; (C) parallel-plate perfusion chamber with thrombogenic surface; (D) pump for drawing of postchamber
blood samples for bioanalysis; (E) pump drawing blood from vein through perfusion chamber.

Reproduced with permission from [37].

the irradiations, the size of thrombus mass changed due to growth and embolization, but complete occlusion
did not occur. A total sum of 60 individual images taken over 600 s were analyzed to calculate the index of
thrombogenicity [13].

Platelet-rich thrombus formation ex vivo in native blood under flow conditions

Plasma fibrinolytic activity can be assessed iz vitro or in vivo, by measuring various biomarkers. Measurement of
thrombolysis under flow revealed the important contribution of platelets not just to the formation but also to lysis
of a thrombus [24-32).

Arterial & venous thrombus formation triggered by arterial subendothelium, collagen or
tissue factor/phospholipids in perfusion chambers under normal & atherosclerotic native
blood flow conditions

New frontier research was developed by HR Baumgartner and colleagues and by KS Sakariassen and colleagues
by the developments and validations of thrombus formation triggered by thrombotic surfaces in annular and
parallel-plate blood perfusion chambers (33-35].

Important features of this technique were the use of native blood (nonanticoagulated blood) at venous, arterial
and atherosclerotic blood flow conditions. The blood was drawn from an antecubital vein through a 19-gauge
syringe at 10 ml/min by a peristaltic roller pump placed distal to the perfusion chamber as shown in Figure 2. The
respective blood wall shear rates in the parallel-plate perfusion chambers were 100 s (venous blood flow), 650 s°!
(averaged-sized arteries), 2600 s™! (moderate arterial stenosis — stenosis occlusion of 60%), 10,500 s™! (severe arterial
stenosis — stenosis occlusion of 80%) and 32,000 s (very severe stenosis occlusion — stenosis occlusion of 89%).
The thrombogenic surfaces of the perfusion chambers consist of either human vascular subendothelium, collagen
or tissue factor/phospholipids. Parameters of thrombus formation measured by morphology are platelet surface
adhesion, size of thrombi and fibrin deposition. Complementary methods to measure fibrin and platelet deposition
by immunological methods were developed as well. Biomarkers of platelet activation, coagulation and fibrinolysis
can be measured from blood samples collected downstream to the site of thrombus formation during the blood
perfusion period. A corresponding miniature parallel-plate perfusion chamber was also developed where thrombus
formation is studied simultaneously at three different shear conditions at a blood flow rate of 1 ml/min [36].

Review
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Figure 3. GTTmeasurement using native blood. GTT instrument (A) and principle of the measurement (B). Platelets
in native blood are activated by high shear forces in the upper gaps (1). Fibrin stabilized thrombi formed between the
two bearing balls occlude the lower gaps (2). Real time recording of GTT measurement (C).

IR: Infra red; GTT: Global thrombosis test; LT: Lysis time, time from the start of measurement until the first blood drop
detected after OT + 200 s stabilization; OT: Time between two consecutive blood drops exceeding the default (15 s).

The parallel-plate perfusion chambers have been validated with a large number of studies including patients with
bleeding disorders and patients on antithrombotic agents, both platelet inhibitors and coagulation inhibitors [38,39.
Also, combination therapies with platelet inhibitors and coagulation inhibitors were included.

Arterial thrombosis test (POC) performed from native blood under pathologically relevant
flow conditions
Unique features of the point-of-care (POC) instrument developed by Kovacs ¢ al., are the testing native blood and
initiating thrombus formation solely by pathologically relevant high shear stress (40-451. The POC shear-induced
test drives the tested native blood to flow through narrow gaps and thrombi formed in the poststenotic area are
captured in a distal second gap, thus arresting the flow in the system. The technique measures the time of occlusive
thrombus formation and the subsequent endogenous lysis of the occlusion. The principle of Global Thrombosis
Test (GTT) is shown in Figure 3.

The measurement starts by withdrawal of blood sample from the antecubital vein using a 21G needle with a
butterfly cannula. To minimize platelet activation during blood sampling, the double syringe technique was used
in each subject. The first 3 ml blood was used for routine blood tests, and the subsequent 4.0 ml was used for
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Table 1. Recommendation for consumption of fruits, vegetables and doing regular physical exercise.

Country Vegetables Fruits Ref.
Target for daily intake of vegetables Target for daily intake of fruits
Japan 350 g More than 100 g [65]
NL At least 200 g At least 200 g [59]
UK At least five portions (400 g) of a variety of fruit and vegetables [60]
USA 2.5 cup (approximately 600 g) for 2000-calorie level pattern  Two cups (approximately 480 g) for 2000-calorie level [61]
pattern

Physical exercise

Japan Adults (aged 20-64 years): male 9000 steps, female 8500 steps per day; Older adults (65 years and older): male 7000 steps, [66]
female 6000 steps per day

NL Adults (aged 18-54 years): at least 30 min of moderate- to vigorous-intensity physical activity with moderate defined as [62]
4.0-6.4 METs and vigorous defined as >6.5 METs on a minimum of 5 days per week. Older adults (55 years and older): at
least 30 min of moderate defined as 3.0-4.9 METs and vigorous defined as >5.0 METs on a minimum of 5 days per week.
For inactive people: any additional amount of any type of exercise is considered useful, regardless of intensity, duration
and frequency

UK Adults (aged 19-64 years): at least 150 min of moderate-intensity aerobic activity a week plus muscle strengthening [63]
activities on two days or more of the week; or 75 min of vigorous intensity aerobic activity plus muscle strengthening
activities on 2 days or more of the week; or a combination of moderate and vigorous aerobic activity every week. Older
adults (65 years and older): at least 2 days a week, try to take part in types of activities such as cycling, Tai chi, yoga or
stretching exercises. And remember, it is never too late to turn over a new leaf and become more active - just go easy to
start with and build up your fitness gradually. If 30 min all in one go sounds a bit too much to start with, do not worry —
you can make up the daily 30 min by adding together shorter bouts of activity, of at least 10 min each

us Adults (aged 18-64 years): at least 150 min a week of moderate-intensity, or 75 min a week of vigorous-intensity aerobic [64]
physical activity, or an equivalent combination of moderate-and vigorous-intensity aerobic activity. Aerobic activity should
be performed in episodes of at least 10 min, and preferably, it should be spread throughout the week. Adults should also
include muscle-strengthening activities that involve all major muscle groups on 2 or more days a week. Older adults
(65 years and older): when older adults cannot meet the adult guidelines, they should be physically active as their abilities
and conditions will allow. Older adults should do exercises that maintain or improve balance if they are at risk of falling

MET: Metabolic equivalent of task.

GTT measurement [44,45]. Syringe with the blood sample was inserted into the disposable GTT test tube and the
measurements started within 15 s from withdrawing the blood. During the measurement blood flows under gravity
through small gaps, in which platelets are activated by the initial high shear rate (12,000-14,000 s'). Formation
of fibrin-stabilized thrombus and its lysis are detected.

High shear-induced ex vivo thrombosis/fibrinolysis test of native blood sample: comparison
with conventional tests

GTT proved to be sensitive in detecting small differences in thrombotic and fibrinolytic activities between age,
gender, smoker or nonsmoker people [46-48], in metabolic syndrome [49] and in stroke patients [50]. In these studies,
GTT surpassed the sensitivity of routine coagulation tests like the prothrombin time test and activated partial
thromboplastin time test especially in monitoring oral anticoagulants [s1. GTT detected hyper thrombotic status
after overwork, which could not be detected by conventional coagulation tests [52].

The benefit of using GTT in various clinical conditions (myocardial infarction, atrial fibrillation, monitoring
dual antiplatelet or oral thrombin inhibitor medications after coronary angioplasty), has been documented in
several trials involving large number of patients [53-58].

Reproducibility of GTT has been tested and published. If blood sampling is performed by a trained operator, the
reproducibility of both thrombotic (OT) and thrombolytic activity (LT) is good (the intra-assay CV was OT = 10%
and for LT = 6% and the inter-assay CV was OT = 8% and for LT = 9%) and allows credible statistical analysis of
the findings [55).

Prevention of thrombotic disorders by long-term antithrombotic diet of fruits & vegetables &
doing physical exercise

It is widely believed that intake of fruits, vegetables and physical exercise is beneficial to thrombotic status especially
in those who are at risk of thrombotic diseases. In many countries recommendation for an antithrombotic diet and
adequate physical exercise has been proposed to the relevant health authorities (Table 1) [59-6].
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Effect of fruits & vegetables on thrombotic status

Quality and quantity of daily intake of fruits and vegetables shows great differences in various countries. Large
epidemiological study in the USA found that the risk of coronary heart disease in adults depends on the consumption
of healthful and unhealthful plants (67). In this study fruits, vegetables and other processed diets were classified
as ‘healthy’ (raisins, grapes, prunes, bananas, cantaloupe, watermelon, fresh apples or pears, oranges, grapefruit,
strawberries, blueberries, peaches or apricots or plums, tomatoes, tomato juice, tomato sauce, broccoli, cabbage,
cauliflower, Brussels sprouts, carrots, mixed vegetables, yellow or winter squash, eggplant or zucchini, yams or sweet
potatoes, spinach cooked, spinach raw, kale or mustard orchard greens, iceberg or head lettuce, romaine or leaf
lettuce, celery, mushrooms, beets, alfalfa sprouts, garlic, corn, nuts, peanut butter, string beans, tofu or soybeans,
beans or lentils, peas or lima beans, vegetable oil used for cooking, tea, coffee, decaffeinated coffee) and ‘less healthy’
(apple cider or juice, orange, grapefruit and other fruit juice, white rice, baked or mashed potatoes, potato or corn
chips etc).

By testing native blood using the shear-induced GTT, Yamamoto et 4/. found that antithrombotic activity of fruits
and vegetables classified as ‘healthy’ is still depend on the tested varieties. Accordingly, varieties of the same fruit or
vegetable can be antithrombotic, prothrombotic or without effect on thrombotic status [68-74]. The antithrombotic
varieties demonstrated in animal experiments were effective in short and long-term intake by humans (75,76]. Thus,
selection of varieties of fruits and vegetables for antithrombotic effect by GTT is a promising approach to developing
antithrombotic diet for the prevention of thrombotic disorders such as cardiovascular disease and stroke. Large
scale studies and trials are needed to verify this claim.

Physical exercise & exercise paradox

Epidemiological and clinical studies suggested that regular exercise is an efficient way to prevent arterial thrombotic
diseases [77-81]. The recommended ‘government guidelines’ is shown in Table 1. Despite such recommendation,
the benefit of exercise is still not generally accepted, debated and objections are referred as ‘exercise paradox or
‘double-edged sword in exercise’ (82-86]. Ikarugi and Yamamoto proposed that regular assessment of thrombotic
status using GTT may be helpful in individualizing the effect of exercise in people at risk [87].

Limitations of tests using native blood

The requirement of starting the tests within 15-20 s after withdrawal of blood samples mandates experienced
operator or phlebotomist, and organization that the instrument should be near to the tested person. It is the latter
which is most difficult to ensure, as in the present clinical practice blood samples are taken, stored and tested later
in different laboratories.

Conclusion & future perspective

The concept of preventing arterial thrombotic disorders by long-term intake of an experimentally proven antithrom-
botic diet and monitored regular physical exercise is challenging and intriguing. The key to success is finding test(s)
capable of monitoring thrombotic status under pathologically relevant conditions. In contrast to common platelet
function or coagulation tests currently in use, the shear-induced global thrombosis and thrombolysis test and the
global parallel-plate thrombosis test performed with native (nonanticoagulated) blood are suitable for screening
fruit and vegetable varieties for antithrombotic effect. The use of these tests under experimental conditions can
result in establishing an antithrombotic diet. Having found the pathologically relevant tools of testing and mon-
itoring thrombotic status of individuals, future work should be focused on organizing large scale and monitored
trials involving healthy people, and those who are at risk of atherothrombotic diseases and cardiovascular events.
The outcome of such trials may justify the everyday consumption of an antithrombotic diet with regular physical
exercise, and this would be a simple and economical way of prevention of arterial thrombotic diseases.
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Executive summary

e Interest in prevention of thrombotic disorders by antithrombotic vegetable varieties and physical exercise is
increasing. Pathologically relevant point-of-care global tests for the assessment of global thrombotic status are
badly needed.

e The Global Thrombosis Test enables the simultaneous measurement of platelet reactivity to high shear stress,
platelet procoagulant and endogenous fibrinolytic activity. This technique proved to be suitable for screening
fruits and vegetables for antithrombotic effect, making possible to establish an antithrombotic diet and also to
individualize the need of physical exercise in people at risk of thrombotic events. The Global Parallel-Plate
Thrombosis Test enables also the simultaneous measurements of platelet activation, coagulation and fibrinolytic
activities during thrombus formation.

e Global Thrombosis Test-monitored or Global Parallel-Plate Thrombosis Test-monitored large scale trials are
needed to verify the beneficial effect of an antithrombotic diet with regular physical exercise in the prevention
of arterial thrombotic events.
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