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Table 1. Patient Characteristics.

Apge, mean (5D), ¥ 57.0 5.8
Male sex, no. (%) 198 85.7
Diabetes no. (%) 74 320
Hypertension no. (%) 130 563
Hyperlipidemia no. (%) 160 693
Current smokers no. (%) 97 420
CAD (%) 68 294

CAD: coronary artery disease
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Table 2. A Multiple Regression Analysis Showing an Association between Depression and Occupational Stress.

Model 1 (R?=21.0%) Model 2 (R?15.8%)
B B SE pvalue VIF B B SE p value VIF

Age -0.056 =0.046 0.055 0.408 1.255 -0.019 =0.015 0.055 0.779 1.167
Sex -0.074 =1.537 1.333 0.250 1.158 -0.069 ~1.414 1.353 0.296 1.129
CAD =-0.0680 -0.959 1.027 0.351 1.165 -0.085 -1.346 1.052 0.201 1.167
HT =0.107 -1.564 0.934 0.095 1.141 -0.104 =0.107 0.960 0.114 1.141
Diabetes 0.078 1.212 0.996 0.025 1.148 0.056 0.875 1.017 0.391 1.135
HL -0.109 -1.709 1.055 0.107 1.261 -0.109 -1.702 1.078 0.116 1.247
Smoking 0.070 1.021 0.924 0.270 1.106 1.114 0.070 0.933 0.075 1.068
Jobdemands  0.169 0.207 0.078 0.008* 1113 - - - - -
Job control -0.177 -0.108 0.038 0.006* 1.138

Support -0.238 -0.440 0.119 <0.001** 1.147 - - - - -
JSI - - - - - 0.295 15.663 3.378 <0.001**  1.068

B: Standardized coefficient, B: Coeffident, SE: standard error, VIF: variance inflation factor, CAD: coronary artery disease, HT:
hypertension, HL: hyperlipidemia, JSI job strain index
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LTWe, 2F0, BREMER FLARARSNDIZE, B> >TH D Z L RENnT,
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R Balns
A EHREEEEE BRI BB
(MA-CAD 8%)  (HA-CADE¥)

n =140 n=_84
il 53.5%6.1 83.3+3.2
B/ 120/20 44/40

#F1-2 MFHOXGIER| D BE Y &

AW BEENS
B En B
IR aEnrEsEm P B
(n=84) (n=140)
BT
1VD 69(82.1%) 22(87.1%) n.s.
2VD 7(8.3%) 8(5.7%) n.s.
3vD 2(2.4%) 2(1.4%) n.s.
LMT+1VD1 (1.2%) 0(0%) n.s.
LMT+2VD1  (1.2%) 2(1.4%) n.s.
CTO lesion 5(6.0%) 10(7.1%) n.s.
SHECHEE  25(29.8%) 46(32.9%) n.s.
S2EPCI 43(51.2%) 75(53.6%) n.s.
PCI FiINE 92.9% 98.6% p<0.05
CTO RIE 40.0% 80.0% p<0.05

K2 IREH O GIER] O BYNREEA L fEBRIN +- D e =R

Bt FetSTi=y

MA-CAD#¥ HA-CAD&%
HERRIR 41.4% 34.5%
BIME 40.7% 76.2%
fEEREIE 70.7% 46.4%
T-Chol (mg/dl) 209.4+48.2 174.7+35.2
TG (mg/dl) 167.0+121.2 106.6+48.4
HDL(mg/dl) 47.2+£19.8 50.0+£13.0
(e =T T 17.9% 64.3%
(3HARL L)
F15eGFR 73.7 50.2
(mL/min/1.73m?)
EA=173 17.1% 53.5%
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AHFOAMR(n) (E3%) 50(65.8) 15(75) 14(51.9)

EPA® PR (n) (tE2E9%) 15(19.7)  2(10) 5(18.5)
IEFITDOAM(n) (LkE%) 566)  3(6) 1(3.7)
T4TS5— DM () (EH%) 3(3.9)  1(5) 0(0)

* p<0.05

EXL BEGL BEHY

n 76 24 52
EHEE (%) 746+85 73.1%£8.0 75.3%8.1
EIME (n) (EEEE%) 37(48.7) 12(50.0) 25(48.1)
FERRSE (n) (LE3E%) 26(34.2) 6(25.00 20(38.5)

BHEETE (n) (LE%) 36(47.4) 8(33.3)  28(53.8)
EEERE (n) (LkFE%) 40(52.6) 10(41.7) 30(57.7)
AEFORAR(n) (LE3E%) 50(65.8) 15(62.5) 35(67.3)
EPA® PIAR (n) (LLER%) 15(19.7) 4(16.7) 11(21.1)
IEFITOMAR() (LLFE%)  5(6.6) 1(4.2) A7.7)
24T 5—FDORMR () (LLFE%)  3(3.9) 1(4.2) 2(3.8)
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X|2-4

LDL-C TG HDL-C
p<0.05
p<0.05 — p<0.05
| p<0.05
100+ 1004 — 100 - -
75 751 754
B 504 W 501 501
i
254 254 I 254
o4 v o o
GOmLLT 80mLlLE 6OELIT 80MLIL 69RLLT 80mLLLE
BExbYn
O BsscLa

BEARREBHEOE REFEH B DL

®2 BROAERCFHBENOAR

69 LI 80 E
(n=20) (n=27)
BHEHY (n) 14 21
B#ELEL (n) 6 6
LDL-C TG HDL-C

B9mLLT 8OmLLL 69 LIT 80mLLL

B9mLLT 80mLlL

BREHY(%,n) 57.1(8) 47.6(10) 429(6) 81.0017)

BHELZL(%,n) 50.0(3) 83.3(5) 333(2) 66.7(4)

42.9(6)

100.0(6)

85.7(18)

100.0(6)
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&L AEFEORE RO, FR D LA AR L O THE MBI B0, E/ofhEE
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OFHIE, AFEOERE-a hr—LET VL
WIOERIZE SN TN D, BREEA FLRE |
FDOF EME(control) &, (IR D R
(demand)D STz DDBLE N HFHET 2 H D ThH
Do DEVHEFIIHT DHEHEN R (EFEa
b —/VEEDMEVY) | TR AR E WERERIEE
(FEFEDREED @), BREMEAR B L ARE N E T
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TEIRAED] 22 55 R L 72t T, JCQIT & - TR
L7-HkZEMEA R L& & | Self-rating Depressive
Scale (SDS)IZ TEEAl L7241 9 O3 MHBAT 5 = &
% 7~ L7z (Inoue N et al. Intern Med 55: 1071-1075,
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PRICAM Ky 7 2% L, REEZHE L4204

(313004 ZcME12040) . £ DT v 7 ¢ — )L,
FUIRT,

2) JCQIZ L DHkZEMEA b L 2 OFEM

ARRHI Tl BN A b L A%, Job Content
Questionnaire (JCQ)IZ TaHii L 72, JCQIZ. LD
# 5t (control) & . AEEFRIT Y 2 R (demand)
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72 3% 7 v — MCCREIC S5 b LR
TH5HETHD, JCQDjob demandDfE %, job
control DE TR L72H D% job strain index & L T,
TEMA L AOBRZ E LRI L7,

3) FEFHD A R L A O

BREFIOFGFR) A b L A%, Self-rating
Depression Scale (SDS)IZ CaHII L 7=, SDSI%. &
EAFAUT20/R. A3 RUE80 T, 40,7 8L LA K
FREYA B L ARG &HIE LTz,

4) FEHFHIRMT

BB X, PHEHTEERAETRL, B LM
DA H O kX, Mann-Whitney U-testz U 72,
ERERAEKOIEERBHADOZEIX, 1A FREE
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Spearman D A7 AH BRI A K OIRFES L 7o, MEREHY
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(=]

K1 HEEER

R

B (n=300) M (n=120)
Fifn (F) 53.149.8 49.6+9.4 p<0.001
EHEA (o, %) 237 (79.0%) 70 (58.3%) p<0.001
FEREA (n, %) 63 (21.0%) 50 (41.7%)
TFE (n, %)
HER (0, %) 71 (23.7%) 43 (35.8%)
B (0, %) 101 (33.7%) 8 (6.7%)
BB (n, %) 4(1.3%) 0 (0%)
B - A (n, %) 66 (22.0%) 33 (27.5%)
JRFE « F—E R (n, %) 58 (19.3%) 36 (30.0)
ABLZEREE (Rpf) 193.5+53.0 164.5£59.5 p<0.001
HFERE 31.1£5.9 30.6+5.8 p<0.05
ftFEa v h— 68.8£10.4 62.9£11.9 p<0.001
BAR B 22.4+4.6 23.4+4.0 ns
fEFEA LA 0.46+0.12 0.51+0.14 ns
SDS 2 =7 35.7+7.5 38.5+8.4 p<0.01
- BEAMK Yo ZHEABERY 2
byt T p0.003
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p<0.0001
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#*2 SDSZ B2 & LS s IR fgsT  (Zetk)
p B B

i -0.057 -0.057 -0.069
B (G EHER)
HERSI— -0.172 -0.147 -0.144
WA (EYE - )
HERS I — -0.057 -0.057 -0.029
EAGE T A 0.113 0.106 0.143
RFEY—E R I — 0.203 0.195 0.205
H ke 0.300%* 0.196* 0.109
Job Support -0.272%* -0.235%
Job Strain 0.224*
R? 0.178 0.240 0.277
AR? 0.062** 0.037*

PR b AERF Mo DL BEEN ED X ) RAFZN LTS EErd 57201
SDSAEIBAR & LT BRI 21T o 1=, F2ART XL o0, EARE, IE, FEhr
BT, HELERR L SDSORIICIL, AE/2 %

-

i

DT, TOEFMIT, HEHEX LA B

=~

B, WA SR 2 M E UTIRAT 5 & HRhERERH & SDS & O 0A B 72 M BBIFRIZIH &
Uiz UL EDORERNG . ZMETIE, ABRERFR &80 9 S L RNZIE, BEER b LA LIS R
WITES D 2 E R STz,

#*3 SDSZ g2 & L Ps gy sE ml gt (1)
B B B
kia -0.091 -0.153 -0.101
IR (B e IE R )
FHEHF I — -0.081 -0.086 -0.098
WRRE (ZE%E : W)
HHIGY I — -0.235*% -0.228* -0.112
TEiREER & I — 0.005 0.007 0.037
BT < — -0.188 -0.213 -0.132
A — A I — -0.179 -0.184 -0.097
2pie i 0.064 0.056 0.006
Job Support -0.259** -0.223**
Job Strain 0.298**
R2 0.059 0.122 0.195
AR? 0.063** 0.073**

FE TR O PSR ERIF AT 21T - TRk, R TR,
LA LRGSR L SDS & DI B A 3RO 72,
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e s K 4 RO MRS IR TERESGHRHER
WroesriE K 4 Sz thES kB RERGSNEHTER
MEfRFEHE K 4 HEEFE MHFEZIURRE RBlck

e E

WFTFE D EF A EIRIL, Bk 2 g L U CRIET 20 MER CTh b, BRI EERIZE
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7o FERRY A B LR IE, IO B R OFIE IR BI G- L T b, LOX-IndexiFEE{L A N L ADBLED 6
DT 72RO EIRTDONA F~—T—Th b, SN, B{LA LR LA R LR E DB B

W2 572012, YBEICATEE IEFR I CRBE T ORER 2 xt812, LOX-Index &, ERAE (L& B IK 1~
TIIVHLY A7 AaT EORE, X512, Selfrating Depression Scale (SDS)IZ TR L 7= kAT A
L AL LOX-Index & OREHEAZ G Lz, 77 I L0 A7 Z2a7i%, BRGERKEY (EiE, A5
B RLEE, BERIS, WO M) s B10FEMOLE A X2 RIED Y 27 ZHEETDHH O TH DA,
LOX-Index Dt BAWUE 1L, 7T I v H LY A7 2a7 LAEICHEL T =, SDS TR L 7=k
A R LR & LOX-Index & ORIZIEL, AEARHENIRD o7z, ZOSEHOOBEIZT, B{bA b
VAR, R A R L R ZFHET 5 2 &I, & OEGNT T 2 BIEE] O IR O FHI A 4% T
HoHLEZLNZ, 2%V, LOX-IndexS B EOER Tk, BIRAELAERETORENEETHY ., F
7-SDSHEEDEF THIVE, A X NVFTHREETHD, T DL HIZLOX-Index & SDSD AW=H 7
Ty ML, EOMPVEFERICEHTHL LB BT,

A, FRER AETEEMEIR 2 C L BB LTV D IEFNZ BV T,
LOX-Index & BfJREE(LfERIK 1. 7T I LY
57 FE D E A BN L, BYREE( LA Fix & L Ay AaT L OEERF L, E5IC
THRIET D L TR T & D o BIIREEAL 0D FEE 1 Self-rating Depression Scale (SDS)IZ Tl L 7= k&
JBIZBIG-9 @i, JRERFE, R & YA R LA L LOX-Index & D 2 HiEf L7,
AETEEER X, RN TEMEA b L 2D K% &
7o, £ BRI A B LRI, LIS O % B. #f7EJ5ik
JEICTRLS S LCWVWD, 29 LTEEmEBETH L.
(LA B LA LRI A R LA L OB A5 1) %%
295 2 &I, DI E RIERER O BRI F 3 ) PRI, BB REE, mIEIC T, #F 575K
%52 DAREMERH D, e N I EBE HR OSERI45361]  (M/F=257/196.
BT 72 R XA A~ — 77 —LOX-Index|%., % FHR54.189.95%) ZxfG L LTz,
{EA N L ADBLED G | KL TE DFEIE % 11
THHLDOTH D, LOX-indexiE, FILLDLA 2) FEFEYA R L X DR
& T HLOX-UTHEA L 9 HLOX-1U 2 RIREE FIEB OREFE A b L AL, Self-rating
(LAB) &, Ifi i O FIYAPELOX-12E(SLOX) & OFf  Depression Scale (SDS)IZ CTaFAli L7z, SDSIE. #
Thb, ZHETIZ, LOX-1 & BRI L fE kRN 1 IRARARIT2005, e AilX8048 T, 4080 &K
EOBE, 7T I VALY A AT oM FREA N L ARG & E LTz,
BHOMMZ S TWZRY, 2T, YkstkicT
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3) LOX-Index D | &
LOX-Index DHITEIL NK AT ¢ I EFEL
THifT L7=,

4) FEFFRIRAT

BB X, PHEHEEFETR L, ER
AT DRREIL. Kolmogrov SimrnovikilZ TIT72 -
7o, HAMD & OB, Spearman D AN AHEIFR
Ba s ROfE Lz, mEEUFFEITIZEW T, 1ER
B kB AE Mt DLAB J OSLOX-1& L, iz
¥ L, s, PERI, LDL, HDL, [z fitsh
PERGIAME, BEIRIP - BE - S EOF L L,
WERHEENTIZIZ. SPSS Version 2% i H L 7=,

(fiiy 2 1 ~ D B fE)
ABFFEIE N Z RS &3 D IEFRITEIC R

i ERRSt CER27424 A 1 A fiAT) (R . #F
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X1 LOX-IndexD43Afi (Z: 1k, Adeth) o MEALHS D & BRI ERT,

Log-converted Log-converted
LOX-Index LOX-Index
4.0 4.0
p=0.0002 p=0.0023
3.5

2.0 T T T v 1 2.0
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Framingham Risk Score
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Framingham Risk Score

M2 SEEHLOX-Indext 7T IV HLY A7 U A7 AaT LD

7T IVALY AT 2T, BRGERRKE T (EifE, IREREE, FERE, BREOHFT) 25104
MOLIMNE ARy "NBIEDO Y AT ZHEET DD TH S0, LOX-Index DRELAHEIZ, 7T I T A
UAZ AZAaT7iE, AEICHELTWEZER : B, AKX &),

J

#:1 LAB(LOX-1V # > R), AAEMLOX-1(sLOX-1)Z Tt BAEH & L= ERlRiaRHT

Multiple regression analysis of log-converted LAB and sLOX-1.

LAB (log-converted) (R2 = 14.5%) sLOX-1 (log-converted) (Rl =1.4%)

B 95%a B p-Value VIF B 95%Cl B p-Value VIF
Age 0.001 0.000 to 0.002 0.062 0.197 1213 0.000 ~0.002 to 0.001 -0.021 0.666 1213
Sex -0.012 —0.033 to 0.009 —-0.057 0257 1.292 —0.005 —0.036 to 0.025 —0.019 0.729 1292
LDL 0.001 0.001 to 0.001 0.249 <0.001* 1.109 0.000 0.000 to 0.001 0.025 0.619 1.109
HDL —0001 0.002 to 0.000 -0.165 0.001* 1.502 0.000 —0.001 to 0.001 0.048 0.403 1.502
TG(log) -0.075 —0.120 to —0.030 -0.172 1.148 1.452 —0.004 0.071to 0.063 —0.007 0.907 1452
DM 0.002 ~0.028 0 0032 0.007 0.888 1.155 0052 0.007 to 0.096 0.116 0.023° 1,155
Smoking 0.073 0.043 t00.103 0218 <0.001" 1.102 —0.010 —0.055 to 0.034 —0023 0.646 1.102
HT 0.019 ~0.005 to 0.042 0.078 0.114 1.244 0.000 ~0.035 to 0.034 - 0.001 0.989 1244

B: coefficient, [3: Standardized coefficient, VIF; variance inflation factor, LDL: low-density lipoprotein, HDL: high-density lipoprotein, TG: triglyceride, DM: diabetes mellitus, HT:

hypertension.
p value of < 0.05 was considered statistically significant

L5 BT OFER. LABIL, LDLE, KOS OAMICAEICEE L, sLOXIX, BRI OA Mo B
LT,
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[ SR R 2 [ s D SR AR PP R 1 2. 400 3FF ). FHEa 25 186,120 205 (8] CA B 1
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F 1 T IIRBE R OREATS SRlE & ORFTERRE DT 17 4 —)L

#wE (n=111) BEA (n=37) p &

Fikn 58.3+ 9.1 64.1+ 8.9 ns
B (%) 91.9 75.6 ns
=IE (%) 37.8 72.9 ns
VERA (%) 29.7 45.9 ns
IEEEEE (%) 56.8 45.9 ns
SHLREE (%) 27.0 35.1 ns
i

EEE (n, %) 20, 8.0 6,16.2 ns
BIRE (n, %) 9. 8.1 3, 8.1 ns
& (n, %) 11,9.9 4,10.8 ns
BRFE% (n, %) 19,17.1 1, 2.7 p<0.05
H—ERX (n, %) 14,12.6 6,16.2 ns
HER (n, %) 11.9.9 4,10.8 ns
BRE(n, %) 14,12.6 2,5.4 ns
B(n, %) 0.0 8,21.6 p<0.001
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*1 BEbd% KRG

HIEE )=y plE
Fiim (%) 65.6+6.7 65.0+9.7 ns
B/ & (N) 26/2 94/15 ns
= 10 (%) 78.5 66.0 ns
HEPR IR (%) 46.6 39.5 ns
fEE EEAE(%) 85.7 87.1 ns
E21E (%) 17.9 11.9 P<0.05
DR IEE DB E(%) 39.2 45.0 ns
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Bt n=78, 43k n=70) x5 L L=, #19 DFIL, Selfrating Depression Scale (SDS, ¢
IR2055 ~Fe i80S TR L, 4055 LA L& SHmH Y LHELZ, ARARL R
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A Simultaneous Evaluation of Occupational Stress and
Depression in Patients with Lifestyle-related Diseases

Nobutaka Inoue, Kazunori Otsui, Takayuki Yoshioka, Atsushi Suzuki, Toru Ozawa,
Sachiyo Iwata and Asumi Takei

Abstract

Objective Karoshi, which is the Japanese term for death from over-work, is usually the extreme result of
cardiovascular diseases, and occupational stress plays a pivotal role in the pathogenesis. Depression is closely
associated with atherosclerotic cardiovascular disease. The present study was undertaken to examine the rela-
tionship between occupational stress and depression.

Methods We enrolled 231 consecutive outpatients with lifestyle-related diseases such as diabetes, hyperlipi-
demia and hypertension were enrolled. Occupational stress was measured by qualitative constructs assessing
job control, job demands, and worksite social support using a job content questionnaire (JCQ). The job strain
index measured by the ratio of job demands to job control was used as an indicator of the occupational
stress. Depression was evaluated by the Self-rating Depression Scale (SDS).

Results A univariate linear regression analysis showed the SDS scores to be positively correlated with job
demands and the job strain index and negatively correlated with job control and worksite social support.
Multiple regression analyses to predict the SDS scores demonstrated that job demands were positively associ-
ated with SDS scores and job control and worksite social support were negatively associated with SDS scores
after controlling for other variables. The job strain index was positively related to SDS scores.

Conclusion Occupational stress expressed as the job strain index was strongly associated with depression.
By simultaneously using the SDS and JCQ, the health conditions of patients could be classified based on oc-
cupational stress and mental stress, and this classification could help to promote a healthy work environment

and guide individual workers.

Key words: mental stress, job stress, coronary artery disease, karoshi, stress check system

(Intern Med 55: 1071-1075, 2016)
(DOI: 10.2169/internalmedicine.55.5920)

Introduction

Karoshi, which is Japanese term for death from over-
work, is usually the extreme result of cardiovascular dis-
eases. Even though the problem was widely recognized in
the 1980s, many people are still dying or killing themselves
after being subjected to excessive occupational stress. Com-
pensation for work-related death caused by stroke or cardio-
vascular disease has increased in Japan. According to statis-
tics from the Health, Labor and Welfare Ministry of Japan,
there were 106 instances of compensation in 2009 and 133
in 2013. Therefore, there is a compelling need to ensure the

reduction of occupational stress. Through an amendment of
the Occupational Safety and Health Act on June 25, 2014, a
mandatory stress check system will commence in Japan at
the end of 2015. This stress check system will include an
assessment of worker stress status, the results of which will
be provided to each worker. The results will be analyzed in
each workplace to enable the identification of the stressors,
thus leading to improvements in the work environment.
With such an effort, the prevention of mental health-related
disorders, including karoshi, is therefore anticipated.
Although it is difficult to evaluate the precise extent of
occupational stress, there are several methods including the
effort-reward imbalance model and demand-control model.
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Regarding the demand-control model, the job content ques-
tionnaire (JCQ) developed by Karasek is one of the most
commonly used scales to assess environmental job stres-
sors (1). Occupational stress can be measured by qualitative
constructs such as job control, job demands and worksite so-
cial support. Job strain refers to a situation where job con-
trol which is a person’s ability to make decisions and use
their skills at work is low and the job demands, which in-
clude the pace and mental intensity of the work are high.
Many investigations have demonstrated that the validity of
the JCQ to evaluate occupational stress among Japanese em-
ployees (2). Previous investigations indicated that the job
strain index, an indicator of occupational stress based on the
ratio of job demands to job control, was an independent risk
factor for cardiovascular diseases and hypertension in work-
ers (3-5).

Previous clinical and epidemiological investigations have
provided evidence that depression is closely associated with
atherosclerotic cardiovascular disease. For example, Wulsin
et al. performed a meta-analysis to examine the relative risk
of depression for the onset of coronary artery disease (6).
They reported that the combined overall relative risk of de-
pression for the onset of coronary artery disease was 1.64
[95% confidence interval (CI)=1.41-1.90]. Furthermore, de-
pression exerts a significantly negative impact on the prog-
nosis of patients with coronary artery disease. According to
the results of a meta-analysis, post-myocardial infarction de-
pression is associated with a 2- to 2.5-fold increased risk of
an impaired cardiovascular outcome (7). Given its impor-
tance in the pathogenesis of coronary artery diseases, de-
pression is a pivotal factor linking occupational stress and
karoshi. In the present investigation, the relationships be-
tween occupational stress as evaluated by the JCQ and de-
pression were examined in outpatients with lifestyle-related
diseases such as diabetes, hyperlipidemia and hypertension.

Materials and Methods

Patients

Between May 2014 and June 2015, 231 consecutive out-
patients with lifestyle-related diseases including diabetes,
hypertension and hyperlipidemia were recruited, and 29.4%
of the enrolled subjects had coronary artery disease. The
purpose of the present study was explained to the partici-
pants in the documents and written informed consent was
obtained. The study was approved by the ethics committee
of Kobe Rosai Hospital.

All enrolled patients were interviewed and clinically ex-
amined. Demographic information (age and sex) and medi-
cal history were recorded. Hypertension was defined as sys-
tolic pressure 2140 mmHg or diastolic pressure 290 mmHg,
or the use of antihypertensive drugs. Dyslipidemia was de-
fined as plasma low-density lipoprotein 2140 mg/dL, plasma
triglycerides 2150 mg/dL, or plasma high-density lipoprotein
<40 mg/dL or the use of lipid-lowering drugs. Diabetes mel-

litus was defined as a previous or current plasma fasting
glucose 2126 mg/dL or the use of hypoglycemic agents. The
diagnosis of coronary artery disease was based on the guide-
lines of the Japanese Circulation Society and the coronary
stenotic lesions were documented with coronary angiogra-

phy.

Evaluation of occupational stress by the job content
questionnaire

Occupational stress evaluated using the demands-control-
support model was measured with the JCQ developed by
Karasek (1). The JCQ includes scales for job demands (five
items; score range, 12-48), job control (nine items; score
range, 24-96) and worksite social support (eight items; score
range, 8-32), with four-point response options from 1
(strongly disagree) to 4 (strongly agree). The job strain in-
dex, which is calculated by dividing job demands by job
control, has been used as an indicator of the occupational
stress with higher scores indicating greater strain.

Evaluation of depression by the self-rating depres-
sion scale

The Self-rating Depression Scale (SDS) designed by Zung
was used to quantify the level of depression in patients ex-
periencing depression-related symptoms (8). The SDS in-
cludes 10 positively worded items and 10 negatively worded
items that assess the symptoms of depression. The item re-
sponses are rated from 1 to 4, and higher scores correspond
to more frequent symptoms. Therefore, for each item, pa-
tients give a score according to whether the item has oc-
curred: 1= never/very rarely/rarely; 2= once in a while/some
of the time/occasionally; 3= relatively often/very often/often;
4= most of the time/always/almost always. The SDS scores
were used to define four categories of depression severity:
within the normal range (below 40 points); presence of
minimal to mild depression (40-47 points); presence of
moderate to marked depression (48-55 points); and presence
of severe to extreme depression (56 points and above). In
the present study, the subjects having scores over 40 points
were defined as being depressed.

Statistical analysis

Continuous data are provided as the mean and standard
deviation (SD). Categorical variables are displayed as a
number (percentage). Univariate and multiple linear regres-
sion analyses were used to explore the relationship between
the SDS score and the JCQ. A standardized coefficient and
the 95% confidence interval (CI) were calculated after ad-
justing for sex, and the presence of coronary artery diseases,
diabetes, hypertension, hyperlipidemia, and current smoking
status. For colinearity problems, job demand, job control
and worksite social support were used in Model 1 as vari-
ables of occupational stress, and the job strain indices were
used in Model 2.

To evaluate the collinearity between variables, the vari-
ance inflation factor (VIF) was estimated in each model. If
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Figure 1. The relationship between depression and job demands, job control and workplace social

support, and the job strain index in Japanese patients with lifestyle-related diseases.

Table 1. Patient Characteristics.
Age, mean (SD), y 57.0 8.8
Male sex, no. (%) 198 85.7
Diabetes no. (%) 74 32.0
Hypertension no. (%) 130 56.3
Hyperlipidemia no. (%) 160 69.3
Current smokers no. (%) 97 42.0
CAD (%) 68 29.4

CAD: coronary artery disease

the estimated VIF for one variable is over 10, there is a
strong possibility of the existence of colliniearity. Statistical
analyses were performed using IBM SPSS Statistics Version
22. A p value of <0.05 was considered statistically signifi-
cant.

Results

A total of 231 patients were enrolled in this study, and
their characteristics are shown in Table 1. The relationship
between occupational stress and depression was examined in
Japanese patients with lifestyle-related diseases. A univariate
linear regression analysis demonstrated that SDS scores
were positively correlated with job demands and the job

strain index and negatively correlated with job control and
worksite social support (Fig. 1).

Table 2 summarizes the results of multiple regression
analyses to predict the SDS scores. In Model 1, job de-
mands were positively associated with SDS scores and job
control and worksite social support were negatively associ-
ated with SDS scores after the controlling for age, sex and
the presence of coronary artery diseases, diabetes, hyperten-
sion, hyperlipidemia and current smoking status. In Model
2, the job strain index was positively related to SDS scores.
The estimated VIFs indicated that there was little evidence
for the existence of collinearity. Thus, a high job strain in-
dex was a considerable risk factor for depression.

Discussion

This cross-sectional investigation clearly demonstrates the
close relationship between the occupational stress and de-
pression. We found that occupational stress expressed as the
job strain index was strongly associated with depression.
Furthermore, high job demands and low social support at
the workplace were also associated with depression. Our
findings are consistent with previous cross-sectional and lon-
gitudinal studies demonstrating that job strain and its com-
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Table 2. A Multiple Regression Analysis Showing an Association between Depression and Occupational Stress.

Model 1 (R2=21.0%)

Model 2 (R215.8%)

B B SE pvalue VIF B B SE p value VIF

Age -0.056 -0.046 0.055 0.408 1.255 -0.019 -0.015 0.055 0.779 1.167
Sex -0.074 -1.537 1.333 0.250 1.158 -0.069 -1.414 1.353 0.296 1.129
CAD -0.060 -0.959 1.027 0.351 1.165 -0.085 -1.346 1.052 0.201 1.167
HT -0.107 -1.564 0.934 0.095 1.141 -0.104 -0.107 0.960 0.114 1.141
Diabetes 0.078 1.212 0.996 0.025 1.148 0.056 0.875 1.017 0.391 1.135
HL -0.109 -1.709 1.055 0.107 1.261 -0.109 -1.702 1.078 0.116 1.247
Smoking 0.070 1.021 0.924 0.270 1.106 1.114 0.070 0.933 0.075 1.068
Job demands  0.169 0.207 0.078 0.008* 1.113 - - - - -
Job control -0.177 -0.106 0.038 0.006* 1.138

Support -0.238 -0.440 0.119 <0.001** 1.147 - - - - -
JSI - - - - - 0.295 15.663 3.378 <0.001%* 1.068

B: Standardized coefficient, B: Coefficient, SE: standard error, VIF: variance inflation factor, CAD: coronary artery disease, HT:

hypertension, HL: hyperlipidemia, JSI: job strain index
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Figure 2. The classification of health conditions by using the SDS and JCQ simultaneously. The
classification is based on the presence or absence of occupational stress and depression. Subset 1 con-

sists of subjects with depression, but without occupational stress; subset 2 consists of subjects with
occupational stress and depression; subset 3 consists of subjects with neither occupational stress nor
depression; subset 4 consists of occupational stress, but without depression.

ponents are related to an increased risk of depression. A
prospective general population-based study from Japan dem-
onstrated that men, but not women, with high-strain jobs
had a more than two-fold increased risk for stroke (9). Other
studies have demonstrated that social support in the work-
place is inversely associated with the incidence of coronary
heart disease via the buffering effects on occupational
stress (10, 11). Furthermore, lower social support in the
workplace was associated with increased blood pressure and
hyperlipidemia (12, 13). Thus, there is a close link between
occupational stress, cardiovascular disease and stroke. Taken
together with the present investigation, depression might be
a key factor mediating the pathogeneses of these diseases in

the subjects experiencing high occupational stress.

The mechanisms by which depression induces and exacer-
bates cardiovascular diseases remain to be clarified; how-
ever, it is necessary to be considered such mechanisms from
two perspectives; the physiological and behavioral re-
sponses (14). In terms of the physiological response, two
major systems are activated, the sympathetic nervous system
and the hypothalamic-pituitary-adrenal (HPA) axis. Through
the activation of the sympathetic nervous system, the vascu-
lar tone is increased, platelets are activated and blood pres-
sure as well as the heart rate are increased. These physi-
ological responses might contribute to the development of
cardiovascular diseases. Alternatively, the activation of the
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HPA axis could exacerbate glucose and lipid metabolism,
leading to atherosclerotic heart disease. Moreover, mental
stress also affects behavioral responses, such as smoking, al-
cohol abuse and avoidance of physical activity. Furthermore,
mental stress may also be associated with poor medical ad-
herence. These behavioral factors play a pivotal role in the
pathogenesis of cardiovascular diseases. It is speculated that
occupational stress could lead to cardiovascular diseases via
the above-mentioned mechanism induced by depression.

Kitaoka-Higashiguchi et al. compared the SDS scores of
Japanese workers based only on job demand and job con-
trol (15). They reported that the SDS scores were highest in
high jobs demand and low job control conditions. Their
findings are consistent with those of the present investiga-
tion. By using the SDS and JCQ simultaneously, the health
conditions could be assessed based on two different aspects,
occupational stress and mental stress. Given that the subjects
with SDS scores over 40 points were defined as being de-
pressed, and those with a job strain index over 0.50 were
defined as having occupational stress, all subjects were di-
vided into four subsets as shown in Fig. 2. This classifica-
tion is based on the presence or absence of occupational
stress and depression. Subset 3 represents those with neither
occupational stress nor depression; subset 4 consists of sub-
jects with occupational stress, but without depression; subset
1 consists of subjects with depression, but occupational
stress; subset 2 consists of subjects with occupational stress
and depression. The depression experienced by the subjects
in the subset 2 is likely caused by excessive occupational
stress whereas the subjects in subset 1 might suffer from
stressors other than occupational stress such as family mat-
ters or personal reasons. The subjects in the subset 4 might
be doing well because they are able to cope with occupa-
tional stress. Thus, this classification system could contrib-
ute to promoting healthy workplace and guide individual
workers.

The research described herein is a cross-sectional re-
search; therefore, the causal relationship between depression
and job stress is unclear. We speculate that job stress could
lead to depression. Alternatively, depression may also lead
to inefficient work, which may induce greater self-evaluated
job stress. Taken together, there is a possibility that a vi-
cious cycle consisting of job stress and depression might ex-
ist.

A United Nations committee provided recommendations
to the Japanese government in 2013 for the prevention of
over-work. In response, the Karoshi Prevention Council of
the Ministry of Health, Labor and Welfare of Japan recently
released a basic policy including a goal to reduce the per-
centage of people working 60 hours or more per week to
less than 5% by 2020. Additionally, a mandatory stress
check system will be started at the end of 2015. These com-

prehensive approaches could reduce the number of cases of
karoshi and ultimately and eliminate them. As part of these
processes, a simultaneous evaluation by the JCQ and SDS
seems to be useful for assessing health conditions in a clini-
cal practice.

The authors state that they have no Conflict of Interest (COI).
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Chronic disseminated intravascular coagulation (DIC) is a well-known complication of aortic aneurysm.
A 91-year-old Japanese woman was admitted to our hospital because of massive purpura of the lower
limbs. The presence of abdominal aortic aneurysm (AAA) had been pointed out from the age of 80 years,
and its diameter had gradually increased. The AAA was composed of two portions, that is, a large upper
and a small lower portion, and a large mural thrombosis was observed in the lower portion. The
laboratory data led to the diagnosis of DIC, and AAA was the only identifiable cause of coagulopathy. The
time course of exacerbation of AAA was consistent with the progression of thrombocytopenia and
purpura. Therefore, we concluded that AAA was the underlying cause of DIC. Since DIC in aortic
aneurysms is associated with excessive fibrinolysis, tranexamic acid was administered as anti-
fibrinolytic therapy. After that, coagulopathy was drastically improved. Our patient responded
successfully to anti-fibrinolytic therapy for coagulopathy. The present case illustrates the importance of
evaluation of the diameter of an aneurysm as well as intraluminal thrombosis, which may play an
important role in coagulopathy including DIC. It is necessary to monitor coagulation and fibrinolysis for
the follow-up of patients with AAA.
<Learning objective: We present a case report of an aged Japanese woman with abdominal aortic
aneurysm associated with disseminated intravascular coagulation, and anti-fibrinolytic therapy
drastically ameliorated her condition. Our case illustrates the importance of evaluation of the diameter
of an aneurysm as well as conducting follow-up monitoring of coagulation and fibrinolysis.>

© 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Keywords:

Abdominal aortic aneurysm
Disseminated intravascular coagulation
Fibrinolysis

Introduction

Societies are aging at a greater rate worldwide, particularly in
Japan, and are creating a burden on healthcare systems to maintain
adequate levels of care for aged patients with atherosclerotic
cardiovascular diseases, including aortic aneurysm. For example,
the number of patients with abdominal aortic aneurysm (AAA)
is increasing [1,2]. The surgical or intravascular treatment of AAA
is well established; however, the presence of other diseases
associated with AAA complicates the therapeutic strategy.
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Hospital, 4-1-23, Kagoike Touri, Chuo-Ku, Kobe 651-0053, Japan.
Tel.: +81 78 231 5901; fax: +81 78 242 5316.
E-mail address: nobutaka@kobeh.rofuku.go.jp (N. Inoue).
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Disseminated intravascular coagulation (DIC) is a characteristic
complication of aortic aneurysm that was first reported by Fine
et al. in 1967 associated with a case of dissecting aortic aneurysm
[3]. Among preoperative patients with aortic aneurysms, 40% have
elevated levels of fibrinogen degradation products and 4%
experience clinically overt DIC [4]. The clinical picture of DIC in
aortic aneurysm includes distinctive features of typical DIC
manifested as sepsis, in which fibrinolytic processes are activated
and are associated with greater risk of bleeding. Here, we describe
the case of an aged Japanese woman with AAA associated with DIC,
who was successfully treated with anti-fibrinolytic therapy.

Case report

A 91-year-old woman was admitted to our hospital because of
massive purpura of bilateral lower limbs. The presence of AAA had

1878-5409/© 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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m Marked purpura on her lower legs at admission.

been pointed out from the age of 80 years, and its diameter had
gradually increased. Therefore, surgical therapy was recommended
to her several times; however, she refused obstinately for the
operation. Her medical history included a partial gastrectomy for
gastric cancer. Six months before the admission, she noticed mild
subcutaneous bleeding at a bruise on a lower limb that was
spreading widely to both limbs. On admission, the blood pressure
was 114/70 mmHg and pulse rate was 60 beats per minute, and skin
oxygen saturation was 98%. The jugular vein was not dilated, and

VELIC W [aboratory data on admission.

Blood cell count

WBC 5600/mm?>
RBC 173 x 10*/mm?>

Biochemistry

CRP 1.2 mg/dl
T-bil 0.47 mg/dl

Coagulation tests

PT 15.65 (10-14)
PT-INR 1.77

Ht 17.1% D-bil 0.18 mg/dl APTT 57s (23-42)
Hb 5.1 g/dl BUN 47.0 mg/dl Fibrinogen 82 mg/dl
MCV 99 fl Cr 1.8 mg/dl AT-11I 87%

MCH 29.5 pg Na 140 mEq/1 FDP 107.2 pg/ml
MCHC 29.8% Cl 113 mEq/1 p-Dimer 65.7 pg/ml
Plt 4.4 x 10*/mm? Fe 33 pg/dl

Reti 50%o Ferritin 192.5 ng/ml

AAA, abdominal aortic aneurysm; DIC, disseminated intravascular coagulation;
FDP, fibrin/fibrinogen degradation products; AT-III, antithrombin-IIl; EVAR,
endovascular aneurysm repair; TAT, thrombin-antithrombin complex; PIC,
plasmin-a2 plasmin inhibitor complex; t-PA, tissue plasminogen activator; CRP,
C-reactive protein; T-bil, total bilirubin; D-bil, direct bilirubin; PT-INR, interna-
tional normalized ratio of prothrombin time.

ejection systolic murmur at the 2nd right sternal border was audible.
A large pulsating mass (7 cm x 11 cm) was palpable on the
abdomen, and marked purpura was observed on her lower legs
(Fig. 1). Laboratory data indicated anemia, thrombocytopenia
(hemoglobin 5.1 g/dI, platelet count, 4.4 x 10%/n.L), and abnormal
levels of serum coagulation factors [fibrinogen, 82 mg/dl; fibrin/
fibrinogen degradation products (FDP), 107.2 wg/ml; b-dimer,
65.7 pg/ml; antithrombin-III (AT-III), 87%] (Table 1). According to

(A) Three-dimensional imaging of enhanced computed tomography showing the presence of a saccular aneurysm of the abdominal aorta. The abdominal aortic
aneurysm was composed of two portions, that is, a large upper and a small lower portion. (B) The cross-section imaging of abdominal aortic aneurysm showing
large mural thrombosis. The dimensions of the upper and lower portions at the scanned plain were 92 mm and 47 mm, respectively.
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Japanese Association for Acute Medicine criteria [5], DIC score was
13 points.

Enhanced computed tomography revealed the presence of a
saccular aneurysm of the abdominal aorta, and the AAA was
composed of two portions, that is, a large upper and a small lower
portion. The dimension of the upper and lower portions at the
scanned plain was 92 mm and 47 mm, respectively, and a large
mural thrombosis was observed in the lower portion (Fig. 2).

For the investigation of the etiology of anemia and thrombocy-
topenia, bone marrow aspiration and endoscopic examination
were performed, and their results showed no abnormality. The
laboratory data led to a diagnosis of DIC, and AAA was the only
identifiable cause of coagulopathy. The time course of exacerbation
of AAA was consistent with the progression of thrombocytopenia,
anemia, and purpura (Fig. 3). Therefore, we concluded from these
findings that AAA was the underlying cause of DIC.

To control the condition of DIC, continuous infusion of heparin
(12,000 U/day) and nafamostat mesilate (60 mg/day) was initially
administered for several days, and AT-III and fresh-frozen plasma
were administered for the consumption of coagulation factors. But,
the DIC score was unchanged. Thereafter, the administration of
nafamostat mesilate was given up, because of hyperkalemia.
Instead of nafamostat mesilate, we started to administer camostat
mesilate. However, purpura of the lower limbs and her general
conditions were exacerbated; therefore, we considered that these
drugs did not affect her clinical conditions or coagulopathy (Fig. 4).

DIC in aortic aneurysms is associated with excessive fibrinoly-
sis, which may induce the bleeding tendency. Our case showed
bleeding tendency, and we detected markedly elevated levels of
FDP and p-dimer. These findings suggested excessive fibrinolysis;
therefore, tranexamic acid was administered as anti-fibrinolytic
therapy. Two days later, coagulopathy was drastically improved,
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Clinical course before hospitalization. AAA, abdominal aortic aneurysm.
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and the DIC score had decreased to 6 points. Anemia, thrombocy-
topenia, and purpura became less severe (Fig. 4). Because she was
at extremely high-risk of rupture, we proposed endovascular
aneurysm repair (EVAR) of AAA to her; however, she refused it.
After the improvement in the bleeding tendency, she and her
family eagerly desired to go back home. Since the continuous
administration of heparin forced the patient to be hospitalized, the
intravenous administration of heparin was switched to warfarin
carefully. She was discharged after converting from heparin to
warfarin therapy.

Discussion

DIC is characterized by systemic activation of coagulation
leading to organ failure through the development of fibrin clots
that may cause bleeding because of insufficient levels of platelets
and coagulation factors. Siebert and Natelson proposed the
following criteria for DIC associated with AAA [6] as follows:
chronic bleeding, consumptive coagulopathy, reversal of laborato-
ry data after aneurysm repair, and maintenance of the values for
3 months. We did not repair the AAA of the patient reported here;
however, the correlation between the time course of exacerbation
of AAA with the progression of coagulopathy indicates their
association.

Among the characteristics of DIC associated with aortic
aneurysm, fibrinolysis is markedly enhanced, and bleeding
tendency is prominent. This fibrinolysis-dominant DIC is charac-
terized by the activation of both coagulation and fibrinolysis. The
criteria of enhanced-fibrinolytic-type DIC are as follows. (1)
Prerequisite: thrombin-antithrombin complex (TAT) >20 pg/L
and plasmin-o2 plasmin inhibitor complex (PIC) >10 wg/L. (2)
Laboratory findings - at least two of the following findings: (1)
FDP >80 wg/ml, (2) fibrinogen <100 mg/dl, and (3) increased FDP/
p-dimer ratio (decreased p-dimer/FDP ratio). (3) Reference findings
- more severe bleeding is likely with the following findings: (1)
decreased platelet count (<50,000/uLl) and (2) decreased o2
plasmin inhibitor activity (<50%) [7]. In the present case, FDP and
fibrinogen were 107.2 wg/ml and 82 mg/dl, respectively. Since
tranexamic acid was effective, the process of fibrinolysis played a
pivotal role in coagulopathy in the present case; however, the
diagnosis regarding fibrinolysis-dominant DIC was incomplete in
the present case. In general, the use of tranexamic acid for anti-
fibrinolytic therapy is not recommended for patients with DIC.
Furthermore, there is the possibility that such therapy could
exacerbate the coagulopathy; therefore, it is necessary to consider
whether the coagulopathy is primarily caused by fibrinolysis-
dominant DIC. To confirm the diagnosis, we should assess the
values of TAT and PIC in the present case.

The mechanism responsible for the association of DIC with
aortic aneurysm is unknown; however, chronic existence of
intraluminal thrombosis might play an important role in the
pathogenesis of DIC via an inflammatory process or as a source of
proteinases. Regional intravascular coagulation may occur at the
site of mural thrombosis of aneurysmal aorta. Although it is not

‘disseminated,” it may systemically influence the coagulation
systems. Recently, Siennicka et al. reported a negative correlation
between tissue plasminogen activator (t-PA) and the thickness of
intraluminal thrombosis of AAA [8]. On the other hand, Aho et al.
reported that there was no relationship between them [9]. Thus,
there is still a controversy between plasma t-PA and the mural
thrombosis of AAA. Pathophysiology of DIC in the aortic aneurysm
is an important subject to be clarified.

Our patient’s aneurysms were gigantic with diameters greater
than 90 mm, and we recognized that she was at an extremely high-
risk of rupture. Surgery or EVAR are safe for treating aged patients
[10,11]. Because of the aging population, the present patient
illustrates the importance of optimizing the treatment of
cardiovascular diseases of the aged.

In summary, we presented a case report of an aged Japanese
woman with AAA associated with DIC, and anti-fibrinolytic
therapy drastically ameliorated her condition. Our experience
illustrates the importance of evaluation of the diameter of an
aneurysm as well as intraluminal thrombosis, which may play an
important role in coagulopathy including DIC. It is necessary to
monitor coagulation and fibrinolysis for the follow-up of patients
with AAA.
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Nine Research Areas of Work-related Disorder; Lifestyle-related Disease
Masanori Munakata" ™, Genjiro Kimura" and Nobutaka Inoue’
YResearch Center for Life Style-Related Disease, Tohoku Rosai Hospital
“Division of Hypertension, Tohoku Rosai Hospital
*Research Center for the Health Promotion and Employment Support, Tohoku Rosai Hospital
Y Asahi Rosai Hospital
“Division of Cardiovascular Medicine, Kobe Rosai Hospital

Japan Labor Health and Welfare Organization had conducted research on work-related disorder in 13 ar-
eas such as occupational trauma, spinal cord injury, sensory disorder, occupation skin disease, musclo-skeretal
disorder, disorder due to hand transmitted vibration, occupational toxication, work-related cardiovascular dis-
eases, mental health, health promotion for working women, rehabilitation and asbestos. Those research areas
were deeply reexamined and changed to new scheme considering social demand. They are compsed of 3 major
headings including 9 research areas 1) cause, diagnosis and treatment of work-related disorder (including re-
search on lumbago and repair of traumatic motor dysfunction), 2) health promotion for workers (including re-
search on life style related disease, sleep apnea syndrome, work-related disorder and work support for diseased
people), 3) prompt and adequate provision of compensatory insurance system for workers (including traumatic
higher-order brain dysfunction, pneumoconiosis and ashestos). Research area of work-related cardiovascular
diseases focusing on the prevention of Karoshi (death from overwork) has been followed by research area of life
style related disease. This paper describes the outlines of the research of life style related disease.

(JJOMT, 63: 142—146, 2015)

©]Japanese society of occupational medicine and traumatology http;//www.jsomt.jp
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D IHEBICHTAHEHZEL I EARDOENTWAE., AFFTIE, 29 L72A ML ADOFHEEOE
2, WG BIT B R ML RIBEDLIETROFSIERRIRIZ BT 2 BEMEIZOWTHER T 5.
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Job Stress and Cardiovascular Disease

Nobutaka Inoue MD. PhD

Vice President, Department of Cardiovascular Medicine, Kobe Rosai Hospital

Karoshi, death from overwork, is largely caused by cardiovascular diseases and stroke, and psychological
stress at work plays a pivotal role in the pathogenesis of these disorders. Psychological stress is associated with
the exacerbation of coronary risk factors including hypertension, diabetes, and hyperlipidemia, and it also af-
fects behavioral responses, such as smoking, alcohol abuse and insufficient physical activity. For the purpose of
enhancing mental health support, the stress check at work system will shortly be obligated in Japan. The alle-
viation of occupational stress is essential for the prevention of karoshi, and the evaluation of the extent of occu-
pational stress seems to be a very important first step. There are several useful tools to evaluate the occupa-
tional stress such as the job demand-control model and the effort-reward imbalance model. Recent investiga-
tions have revealed that occupational stress evaluated by these models is closely associated with atheroscle-
rotic coronary risk factors. On the other hand, major coronary risk factors including hypertension, diabetes, and
smoking induce oxidative stress in the vascular system. Recent clinical and basic researches have demon-
strated that there is a relation between psychological and oxidative stresses. In this review article, clinical impli-
cations of occupational stress in pathogenesis of karoshi are discussed.

(JJOMT, 63: 241—246, 2015)

—Key words—
mental stress, job strain, oxidative stress
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Stress Response in Cardiovascular Disease
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Stress plays a pivotal role in pathogenesis of cardiovascular diseases, and several types of stress are in-
volved in cardiovascular diseases, including oxidative stress, hemodynamic stress, and mental stress including
psychological stress at work. Coronary risk factors including diabetes, hyperlipidemia, hypertension, and smok-
ing, induce oxidative stress, and these factors are implicated in endothelial dysfunction, atherogenesis, hyper-
tension, or remodeling of blood vessels. Mental stress is a well-known major contributor toward development of
cardiovascular diseases. Psychological stress at work has also been shown to be associated with an increased
risk of coronary heart disease. Furthermore, epidemiological studies demonstrate that workplace psychosocial
factors contribute to development of hypertension like masked hypertension. On the other hand, mental stress
is linked to unfavorable lifestyle factors such as smoking habits, increased alcohol consumption and inadequate
exercise. Thus, a disturbance of homeostasis induced by an imbalance between stressors and the stress re-
sponse may be a contributor of cardiovascular diseases through various mechanisms. In this review article,
clinical implications of stress are discussed.
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Present status of dyslipidemia management in super—elderly patients with
ischemic heart diseases
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ARTICLE INFO ABSTRACT

Objective: LOX-Index is a novel biomarker for cardiovascular disease (CVD) and is calculated by multiplying LOX-
1 ligands containing apolipoprotein B (LAB) and soluble LOX-1 (sLOX-1). The Framingham risk score (FRS) is a
common clinical tool for risk assessment of coronary artery disease. Mental stress can also be an important
risk factor for CVD. The purpose of this study was to examine the relationship between LOX-Index and FRS or
mental stress.

Methods: LOX-Index was measured in 453 subjects including 150 consecutive outpatients with lifestyle-related
diseases such as diabetes, hyperlipidemia, and hypertension and 303 healthy volunteers. Mental stress was eval-
uated by the Self-Rating Depression Scale (SDS).

Results: LOX-Index was significantly related with the 10-years risk of FRS. Multiple regression analysis demon-
strated that LAB was closely associated with the smoking status, low-density lipoprotein (LDL), and high-
density lipoprotein (HDL). There were no significant associations between LOX-Index and the SDS scores;
however, by simultaneously using LOX-Index and SDS, the subjects could be classified in terms of oxidative stress
and mental stress.

Conclusions: LOX-Index appears to be a comprehensive marker that could evaluate the status of multiple CVD risk
factors. The classification with LOX-Index and SDS could contribute to the risk assessment for CVD.

© 2016 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND li-
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1. Introduction

Atherosclerosis-based cardiovascular disease (CVD) is still a major
cause of death in developed countries, including Japan. Furthermore,
Karoshi, death from over-work, is a pressing societal issue in Japan and
it is usually the extreme result of CVD. The pathogenesis of CVD is a
complicated process; however, recent research has revealed that re-
sponses to various types of stress including mental stress and oxidative
stress play an important role in the pathogenesis of these diseases.
There has been growing accumulating evidences that well-known ath-
erosclerotic risk factors such as hypertension, diabetes, hyperlipidemia,
and smoking can induce oxidative stress in the cardiovascular system.
Under enhanced oxidative stress, low-density lipoprotein (LDL) is oxi-
datively modified. The formed oxidized LDL induces various biological
activities that are related to atherosclerotic processes. Oxidized LDL
causes endothelial dysfunction, promotes the proliferation of vascular
smooth muscle cells, and induces the expression of adhesion molecules

* Corresponding author at: Department of Cardiovascular Disease, Kobe Rosai Hospital,
4-1-23, Kagoike Touri, Chuo-Ku, Kobe 651-0053, Japan.
E-mail address: nobutaka@kobeh.rofuku.go.jp (N. Inoue).

http://dx.doi.org/10.1016/j.ijcme.2016.05.002

and chemokines [1-3]. These pathophysiological effects are mainly
mediated via LOX-1 [4,5]. Recently, the Suita cohort investigation has
revealed that a higher LOX-index, in which the LOX-1 ligands contain-
ing apolipoprotein B (LAB) and soluble LOX-1 (sLOX-1) were multi-
plied, was associated with an increased risk of CVD and stroke [6].
Thus, LOX-Index might be a novel predictive marker for these diseases
from the standpoint of oxidative stress.

There have been numerous studies that have indicated an etiological
association between mental stress and the development of CVD [7]. The
mechanisms by which mental stress or depression induces and exacer-
bates CVD remain unclear; however, the sympathetic nervous system or
the hypothalamic-pituitary-adrenal axis might be involved. Recent re-
search has indicated that mental exacerbation might be associated with
the oxidative stress. For example, the production of reactive oxygen
species (ROS) has been enhanced under high mental stress in both an-
imals and humans. Depressive symptoms have been correlated with
lipid peroxidation in human blood [8]. Andersson et al. investigated
the effects of psychological stress on LOX-1 expression in rats [9].
Psychological stress upregulated LOX-1 levels in the vessel wall in by
psychological stress through the formation of ROS. Their experimental
observations suggested the possibility that LOX-1 might be a key mole-
cule that linked inking oxidative stress and mental stress.

2214-7624/© 2016 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The Framingham risk score (FRS) is a simplified and common clinical
tool for the assessment of the risk for coronary artery disease as well as
in the identification of individuals who were candidates for risk factors
modifications [10]. The FRS is based on sex and age stratified tables with
specific scores assigned for LDL and high-density lipoprotein (HDL)
cholesterol levels, smoking status, and systolic blood pressure. In the
present study, the relationship between LOX-Index and the FRS was ex-
amined in outpatients with lifestyle-related diseases such as diabetes,
hyperlipidemia, and hypertension and in healthy volunteers. Further-
more, we also examined the relationship of LOX-Index and mental
stress as assessed by the Self-Rating Depression Scale (SDS).

2. Method
2.1. Subjects

Between May 2014 and June 2015, 453 subjects including 150
consecutive outpatients with lifestyle-related diseases and 303 healthy
volunteers were recruited for the present study. The purpose of
the present study was explained to the participants in the documents,
and written informed consent was obtained from all participants. The
present study was approved by the ethics committee of Kobe Rosai
Hospital.

All enrolled patients were interviewed and clinically examined. De-
mographic information (age and sex) and medical history were record-
ed. Hypertension was defined as a systolic pressure >140 mm Hg or a
diastolic pressure >90 mm Hg, or if antihypertensive drugs were
used. Dyslipidemia was defined as plasma LDL > 140 mg/dL, plasma tri-
glycerides (TG) > 150 mg/dL, or plasma HDL < 40 mg/dL or if lipid-
lowering drugs were used. Diabetes mellitus was defined as previous
or current plasma fasting glucose > 126 mg/dl or if hypoglycemic agents
were used.

2.2. Measurement of LOX-Index

All measurements of LOX-Index were performed at NK Medico Co
(Tokyo, Japan) similar to the previous investigation [6,11]. In brief, the
recombinant LOX-1 was immobilized on plates, and the serum LAB
levels were measured by sandwich chemiluminescent enzyme immu-
noassay (CLEIA) using recombinant sLOX-1 and monoclonal antibody
against the extracellular domain of apolipoprotein (ApoB), that is, a
chicken monoclonal anti-human ApoB antibody HUC20. This assay sys-
tem can measure the levels of LAB in the serum, such as VLDL remnants
or oxidized LDL [12]. The plasma levels of sSLOX-1 were measured by
sandwich CLEIA using two kinds of monoclonal antibodies against the
extracellular domain of LOX-1, that is, BO17M and a chicken monoclonal
anti-human LOX-1 antibody HUC3-48.

2.3. Evaluation of depression by the Self-Rating Depression Scale

The SDS designed by Zung was used to quantify the depression level
who had experienced depression-related symptoms [12]. Among the
enrolled subjects, 331 participants agreed to the evaluation of their
mental status using SDS. The SDS included 10 positively worded items
and 10 negatively worded items that assess the symptoms of depres-
sion. The item responses were rated from 1 to 4, and higher scores cor-
respond to more frequent symptoms. Therefore, for each item, patients
give a score according to whether the item has occurred: 1 = never/
very rarely/rarely; 2 = once in a while/some of the time/occasionally;
3 = relatively often/very often/often; 4 = most of the time/always/
almost always. The SDS scores were used to define the following four
categories of depression severity: within the normal range (below 40
points); presence of minimal to mild depression (40-47 points); pres-
ence of moderate to marked depression (48-55 points); and presence
of severe to extreme depression (56 points and above). In the present

study, the subjects who had scores over 40 points were defined as
being depressed.

2.4. Calculation of the Framingham risk score

The FRS is based on sex- and age-stratified tables with specific scores
assigned for total and HDL cholesterol levels, smoking status, and systol-
ic blood pressure (untreated and treated) and also provides an estimate
for the 10-year risk of developing cardiovascular disease [11]. The FRS
was calculated using a computer program, which took age, sex, LDL-
cholesterol, HDL cholesterol, systolic and diastolic blood pressure,
smoking and the presence of diabetes into account.

2.5. Statistical analysis

The continuous data are described as the mean and standard devia-
tion (SD). The categorical variables are displayed as number (percent-
age). The LAB, sLOX-1 and TG levels were log-transformed for all of
the regression analyses. Multiple linear regression analyses were used
to explore the relationships between variables. Standardized coefficient
and 95% confidence interval (CI) were calculated.

To evaluate the collinearity between variables, the variance inflation
factor (VIF) was estimated. If the estimated VIF for one variable is over
10, there is strong possibility of the existence of collinearity. The statis-
tical analyses were performed using IBM SPSS Statistics Version 22 or
the GraphPad Prism version 5. A p-value of <0.05 was considered statis-
tically significant.

3. Results
3.1. Association of LOX-Index with FRS

A total of 453 subjects were enrolled in this study, and their charac-
teristics are shown in Table 1. Fig. 1 is a histogram for LOX-Index and
log-converted LOX-Index in men and women. The LOX-Index in the
enrolled subjects was distributed from 310 to 3728 in a wide range.
After log conversion, LOX-Index had normal distribution (Kolmogorov-
Smirnov test: p < 0.001 for LOX-Index and p = 0.200 for log-converted
LOX-Index).

The relationship between the 10-year risk of FRS and the log-
converted LOX-Index was examined in these subjects. As shown in
Fig. 2, there were significant positive correlation between the 10-year
risk of FRS and the log-converted LOX-Index in the male and female
populations. FRS is determined by age, sex, LDL, HDL, TG, the smoking
status, and the presence of hypertension, and diabetes; therefore, the
standard multiple linear regression analyses for LAB were performed
using these factors as independent variables to evaluate the most influ-
ential factors for LAB and sLOX-1. As shown in Table 2, among these var-
iables, the current smoking status and LDL were positively associated
with LAB, and HDL was negatively associated with LAB. The goodness
of fit for the regression models was significant in the multiple linear re-
gression analysis although adjusted the R2 of the regression model was
14.5%. The estimated VIFs indicated that there was little evidence for the

Table 1
Patient characteristics.

Patients characteristics

Age, mean (SD), y 54.1 9.85
Male sex, no. (%) 257 56.7
Diabetes no. (%) 54 11.9
Hypertension no. (%) 114 25.2
Hyperlipidemia no. (%) 115 254
Current smokers no. (%) 51 113
LOX-Index, mean (SD) 985.0 420.5
sLOX-1, mean (SD), ug/mL 351.0 119.6
LAB, mean (SD), ug/mL 2.83 0.76
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Fig. 1. A histogram for LOX-Index (A) and log-converted LOX-Index (B) in men and women. After log conversion, the LOX-index had normal distribution (Kolmogorov-Smirnov test:

p < 0.001 for LOX-Index and p = 0.200 for log-converted LOX-Index).

existence of collinearity. On the other hand, sSLOX-1 was not associated
with any of these variables except the presence of DM.

3.2. Relation of LOX-Index and SDS

Among the enrolled subjects, 331 participants agreed to an evalua-
tion of their mental status using SDS. There was no relationship be-
tween the log-converted LOX-Index and SDS scores as shown in Fig. 3.

4. Discussion

LOX-Index which is the product of LAB and sLOX-1, reflects the bio-
logical activity of LOX-1 ligands. It has been reported that the
multivariable-adjusted hazard ratio for ischemic stroke and myocardial
infarction from the second to top quartile of LOX-Index was three- and
two-fold higher, respectively, than that for the bottom quartile after
multivariable adjustment in a community-based cohort study, respec-
tively [6]. On the other hand, FRS is a multivariable statistical model
that uses age, sex, smoking history, BP, LDL-C, HDL-C, and blood glucose
levels or history of diabetes to estimate coronary event risk among

individuals without previously diagnosed coronary artery disease, and
this risk stratification has been widely recommended [13]. In the pres-
ent cross-sectional investigation, we observed that LOX-Index was sig-
nificantly associated with the 10-year risk of FRS. This result strongly
supports that LOX-Index is a predictor for CVD; therefore, LOX-Index
is a comprehensive marker for the evaluation of the status of multiple
risk factors.

The multiple linear regression analyses showed that the current
smoking status, LDL, and HDL were associated with LAB. Recently,
Wakabayashi et al. reported that the smoking status was one of the de-
terminants of the LAB in healthy men [14]. Their findings were consis-
tent with our results. Takanabe-Mori et al. also demonstrated that the
sLOX-1 levels had a significantly positive relationship with the
smoking-related parameters, such as the daily consumption of tobacco,
or the log-transformed expired air carbon monoxide concentrations
[15]. Therefore, the biological activity of LOX-1 was associated with
the smoking status. In the present study, sSLOX-1 was only weakly asso-
ciated with the presence of diabetes. Previous investigations have dem-
onstrated that sSLOX-1 was associated with acute coronary syndrome
[16]. It has been proposed that sLOX-1 was a biomarker for the acute
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Fig. 2. The relationship between the 10-year risk of Framingham Risk Scores and log-converted LOX-Index. There was a significant positive correlation between the 10-year risk of FRS and

log-converted LOX-Index in the male and female populations.

Table 2
Multiple regression analysis of log-converted LAB and sLOX-1.

LAB (log-converted) (R* = 14.5%)

sLOX-1 (log-converted) (R? = 1.4%)

B 95%Cl B p-Value VIF B 95%Cl B p-Value VIF

Age 0.001 0.000 to 0.002 0.062 0.197 1213 0.000 —0.002 to 0.001 —0.021 0.666 1213
Sex —0.012 —0.033 to 0.009 —0.057 0257 1.292 —0.005 —0.036 t0 0.025 —0.019 0.729 1292
LDL 0.001 0.001 to 0.001 0.249 <0.001* 1.109 0.000 0.000 to 0.001 0.025 0.619 1.109
HDL —0.001 0.002 to 0.000 —0.165 0.001* 1.502 0.000 —0.001 to 0.001 0.048 0.403 1.502
TG(log) —0.075 —0.120 to —0.030 —0.172 1.148 1.452 —0.004 0.071 to 0.063 —0.007 0.907 1.452
DM 0.002 —0.028 t0 0.032 0.007 0.888 1.155 0.052 0.007 to 0.096 0.116 0.023* 1.155
Smoking 0.073 0.043 to0 0.103 0218 <0.001* 1.102 —0.010 —0.055 to 0.034 —0.023 0.646 1102
HT 0.019 —0.005 to 0.042 0.078 0.114 1.244 0.000 —0.035 t0 0.034 —0.001 0.989 1.244

B: coefficient, 3: Standardized coefficient, VIF: variance inflation factor, LDL: low-density lipoprotein, HDL: high-density lipoprotein, TG: triglyceride, DM: diabetes mellitus, HT:

hypertension.
" pvalue of < 0.05 was considered statistically significant.

phase of acute coronary syndrome. Furthermore, sLOX-1 was also
strongly associated with inflammation. It is conceivable that the levels
of sLOX-1 reflected acute stress or acute inflammation rather than
chronic states. Since LAB reflected the state of dyslipidemia or smoking,

Log-converted

LOX-Index
4.07 subset 1 Subset 2
3.5
ns
3'0'_.23 ;7 .
2.5
Subset 3 Subset 4
2.0 — T T J
20 40 60 80
SDS

Fig. 3. The relationship between the SDS and the log-converted LOX-Index. There was no
significant relationship between SDS and the log-converted LOX-Index. The calcification of
health condition using the SDS and LOX-Index. It was based upon the presence or absence
of cardiovascular risks and depression.

LOX-Index could assess the cardiovascular risk from both side, that is,
acute and chronic status.

Previous investigations indicate a possibility that mental stress
might be associated with oxidative stress. There was no significant
association between LOX-Index and the SDS sores in the present inves-
tigation. However, a simultaneous evaluation of LOX-Index and SDS
could be used to classify the subjects on the basis of two different
aspects, oxidative and mental stress. The subjects with SDS scores
over 40 points were defined as being depressed and those with the
log-converted LOX-Index over 3.0 were defined as having cardiovascu-
lar risk due to oxidative stress according to the previous investigation.
Therefore, all subjects were divided into four subsets as shown in
Fig. 3. Subset 3 represented those with neither oxidative stress nor men-
tal stress; subset 4 consisted of subjects with mental stress, but without
oxidative stress; subset 1 consisted of subjects with oxidative stress, but
without mental stress; subset 2 consisted of subjects with oxidative
stress and mental stress. Thus, this classification system could contrib-
ute to the risk assessment for CVD and could help guide individual
subjects.

Recent progress in pharmacotherapy has achieved a drastic decrease
in the incidence of CVD. It has been established that statins can prevent
the primary and secondary onsets of CVD. Further, as observed in a pre-
vious study, the combination of statins and eicosapentaenoic acids de-
creased the incidence of major coronary events by 19% in Japanese
patients with a history of CAD. However, these powerful medications
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cannot completely eliminate CVD [17]. Therefore, significant residual
cardiovascular risk remains even after the optimum treatment of dyslip-
idemia. This residual risk depends upon several undetermined factors.
Given the comprehensive significance, LOX-Index-guided therapeutic
approach might lead to the resolution of the residual risk.
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Cardiology

Rare disease

A free-floating ball thrombus in the left atrium is a rare clinical condition. However, the diagnosis of this con-
dition has been facilitated by the advent and development of echocardiography and multi-detector row com-
puted tomography (MDCT) and several cases have been reported.

We report a case of a 75-year-old woman who had recurrent giant spherical thrombi in the left atrium. She was
diagnosed with chronic atrial fibrillation at 52 years of age. A pacemaker implantation was performed at 54
years of age because of a complete atrioventricular block; and mitral valve replacement was performed for se-
vere mitral regurgitation at 62 years of age. She had a history of cerebral infarction and she was under treat-
ment for chronic heart failure.

Despite intensive anticoagulant therapy, she developed ball thrombi in the left atrium three times in six months.
During hospitalization for acute myocardial infarction treated with percutaneous catheter intervention, trans-
thoracic echocardiography and computed tomography (CT) revealed a free-floating giant spherical thrombus
in the left atrium. She was treated with intensive anticoagulation therapy and the left atrial ball thrombus dis-
appeared; however, two ball thrombi in the left atrium and left atrial appendage recurred after three months.
Surgical removal of the thrombi and closure of the left atrial appendage were performed. Unfortunately, a ball
thrombus in the left atrium recurred again after a further three months.

The present case highlights the difficulty of treating refractory thrombi in the left atrium.

Anticoagulants ¢ Embolism and Thrombosis ¢ Heart Atria
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Background

Formation of a left atrial thrombus is a complicated process
with causative factors including alterations in blood flow, dys-
function of endocardium, or alterations in the constitutions of
the blood making up Virchow’s triad [1]. The incidence of sys-
temic emboli is reported to considerably increase in patients
with mitral valve disease with atrial fibrillation (AF) compared
to those with normal sinus rhythm (NSR) [2,3]. It is well known
that the patients with mitral valve replacement (MVR) still are
at elevated risk of thrombosis and embolism. For example,
Khan et al. reported that the thrombosis and embolism rate
in patients undergoing MVR was 3.0% per year for mechani-
cal valves and 2.5% per year for tissue valves [4].

A free-floating ball thrombus in the left atrium is a rare clinical
condition. However, the diagnosis of this condition has been
facilitated by the advent and development of echocardiogra-
phy and multi-detector row computed tomography (MDCT),
and several cases have been reported [5-19]. Here, we pres-
ent a case of recurrent ball thrombi in the left atrium.

Case Report

A 75-year-old woman was under treatment for chronic atrial
fibrillation (AF), chronic heart failure (CHF), and chronic kid-
ney disease. A pacemaker implantation was performed at age
53 years for a complete atrioventricular block, and MVR for
severe mitral regurgitation (MR) was previously performed.
Transthoracic echocardiography (TTE) revealed that her left
ventricular end-diastolic dimension was 56 mm and left atri-
al dimension was 70 mm. She had previously been hospital-
ized for these diseases several times. She had no coagulation
disorder. Despite intensive anticoagulant therapy, she devel-
oped ball thrombi in the left atrium three times in six months.

First, she experienced acute myocardial infarction with the cul-
prit lesion in the right coronary artery. Percutaneous catheter
intervention for this lesion was successful, and the peak lev-
el of CPK was 1317 IU/L. However, symptoms of heart failure
were worsened 26 days after admission. A 40x30 mm free-
floating ball thrombus was detected in the left atrium with TTE
and computed tomography (CT) (Figure 1). Because it was diag-
nosed shortly after myocardial infarction, nonsurgical treatment
was selected. Heparin (12,000 U/day) was started along with
warfarin (2 mg). The thrombus disappeared in six days after
intensive anticoagulant therapy. However, she developed sys-
temic embolization, including left cerebellar infarction, splenic
infarction, and right renal infarction. We speculated that these
disorders were due to embolization of the resolving thrombi
in the left atrium. She recovered with only mild sequelae and
she was able to leave our hospital.

This work is licensed under Creative Common Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Approximately one month after discharge, she presented to
our hospital with abdominal pain. A CT scan revealed a recur-
rent 27x27 mm ball thrombus in the left atrium and an 18x14
mm ball thrombus left atrial appendage (Figure 2). Because her
general condition was relatively better than at the previous
hospitalization, we recommended surgical treatment and the
patient and her family agreed to our proposal. These throm-
bi in the left atrium and the left atrial appendage were surgi-
cally removed (Figure 3) and closure of the left atrial append-
age was performed.

After two months, the patient again presented to our hospi-
tal with abdominal pain, and an 8x7 mm ball thrombus in the
left atrium was detected by CT scan. It was attached to the
posterior wall of the left atrium (Figure 4A). Reinforcement of
the treatment with warfarin was selected. Two months lat-
er, unfortunately, the thrombus grew larger (Figure 4B) and
the size was 34x29 mm. The patient and her family preferred
conservative treatment and we added to use heparin again.
However, progression of serious anemia ensued with subcu-
taneous bleeding of the right femoral lesion, forcing the ces-
sation of anticoagulant therapy. Her CHF worsened, and she
died shortly thereafter.

Discussion

It was extremely difficult to prevent the formation of throm-
bi in the left atrium in the present case. Several clinical states
prone to left atrial thrombi include mitral stenosis, atrial fibril-
lation, severe left atrial dilatation, status of post mitral valve
replacement, congestive heart failure, bradycardia, exogenous
material in the left atrium, dysfunction of coagulating system,
low cardiac output, myocarditis, hypertrophic cardiomyopathy,
and infectious endocarditis [13-16]. In the present case, the
patient’s coagulating system was normal; however, she had
a past history of severe MR after MVR and was under treat-
ment for chronic AF. The dimension of the left atrium was en-
larged (70 mm). In addition, she developed acute myocardial
infarction with an ejection fraction of only 28% by TTE. Thus,
these factors might have contributed to the repeated forma-
tion of the ball thrombi.

The mechanism by which a free-floating ball thrombus forms
in the left atrium remains to be elucidated. It is generally
thought that, if a small size thrombus is generated, it should
flow away from the mitral valve orifice and cause system-
ic embolization. A thrombus adhering to the wall of the left
atrium or left atrial appendage may serve as the nidus for a
free-floating ball thrombus. Lee et al. assumed that, after orig-
inating from a smaller mural thrombus created secondary to
abnormal flow dynamics with focal blood stasis, the throm-
bus gradually grows until becoming detached under its own
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Figure 1. (A) Computed tomography (CT) scan of the heart showing free-floating thrombus with contrast (left panel, arrow). Because
the ball thrombus was moving in the left atrium, it looked blurred by CT scan. The same thrombus detected by CT scan
without contrast (right panel, arrow) showing its change of position in the left atrium. (B) Transthoracic echocardiography
(TTE) showing that the ball thrombus (arrow) was moving freely.

weight. Its round shape and smooth surface are attributed to
the sculpting effect of the numerous multifaceted collisions
with the atrial wall [17]. Yoshida et al. speculated that a fixed
thrombus in the left atrium is formed initially, then grows into
the left atrial cavity and forms a spherical shape, with final dis-
connection of the pedicle between the thrombus and the atri-
al wall [18]. However, Yamaguchi et al. succeeded in observ-
ing the transformation of a free-floating ball thrombus by TTE
and reported that it alternated between free floating and ad-
hesion to the wall of left atrium or left atrial appendage during
a process of the growth [19]. In our case, the first ball throm-
bus was freely moving in the left atrium when it was detected
by TTE, where the second two ball thrombi were adherent to
the walls of left atrium and left atrial appendage, respectively.

Figure 2. Computed tomography (CT) scan of the heart with
contrast showing the ball thrombi generated in the left
atrium and the left atrial appendage (arrow).
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Figure 3. The ball thrombus in the left atrium (A) at surgery, and the two thrombi (B) after removal.

Figure 4. Computed tomography (CT) scan showing a recurrent smaller thrombus (arrow) arising from the posterior wall of the left

atrium (A) and its subsequent expansion (B).

From this finding suggested that the ball-like thrombus in the
present case might be formed in left atrial appendage and re-
leased into the left atrium, or the reverse might also be true.

A free-floating ball thrombus in the left atrium may cause fatal
systemic embolization or sudden circulatory dysfunction due
to left ventricular inflow obstruction. Prompt surgical removal
is therefore generally recommended to prevent these compli-
cations. In the present case, when we detected a ball throm-
bus in the left atrium by TTE the first time, the ball thrombus

This work is licensed under Creative Common Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

was freely moving. However, we were forced to treat this with
anticoagulation therapy and not surgical removal because of
the patient’s severely poor general condition. Afterward, al-
though she was treated with adequate anticoagulant thera-
py by warfarin, she developed ball thrombi in the left atrium
repeatedly. Prevention of the recurrence of the ball thrombus
in this patient with several risk factors was markedly difficult.

Recently, novel vitamin K antagonist oral anticoagulants (NOAC)
for use in patients with non valvular atrial fibrillation (NVAF)




have appeared. Several reports have suggested that, in the
NOAC treatment of NVAF patients with intra-cardiac thrombi,
the thrombi reduced in size and disappeared, suggesting some
thrombolytic effects [20-22]. On the other hand, Eikelboom et
al. evaluated the use of the NOAC dabigatran in patients with
mechanical heart valves and reported that the use of dabig-
atran in these patients was associated with increased rates
of thromboembolism and bleeding complications compared
with warfarin [23].
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Conclusions

We have presented a case of recurrent ball thrombi in the left
atrium. A ball thrombus in the left atrium can be fatal main-
ly by embolization and left ventricular inflow obstruction, and
demands prompt and effective treatment. However, because
our patient had several risk factors, even surgical treatment
left her at high risk of recurrence.
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Karoshiin Japan

Recently, the tragic news of the suicide of a young woman who
worked at an advertising giant company was widely reported in Japan.
She was just 24 years old when she killed herself December 2015, and
the death was ruled as death by "karoshi" after the woman was found
to have logged around 105 hours of monthly overtime.

The first case of karoshi was reported in 1969 with the death from a
stroke of a 29 year-old, male worker in the shipping department of
Japan’s largest newspaper company. White paper on Karoshi published
from the Health, Labor and Welfare Ministry of Japan mentions that
compensation for work-related deaths caused by stroke or
cardiovascular disease has increased in our country reporting 58
compensated case related to karoshi in 2001 and 121 in 2014,
respectively; however, these cases seem to represent just the tip of the
iceberg. As typical cases, a worker of a major snack food processing
company for as long as 110 hours a week and died from heart attack at
the age of 34. A 22-year-old nurse died from a heart attack after
continuous 34 hours’ duty five times a month.

Karoshi, the term for death from overwork, also encompasses
suicide related to overwork and is an extreme outcome of
cardiovascular and cerebrovascular diseases. Stroke and cardiovascular
diseases associated with overwork are extremely rare in Europe,
Scandinavian nations, and the US because of very strict labor
regulation. However, many deaths related to excessive occupational
stress still occur in Japan despite the widespread recognition of the
problem in the 1980s. White paper on karoshi says that 94.8% of
compensation cases for work-related deaths caused by stroke or
cardiovascular disease were associated with overtime work more than
80 hours every month.

Although the term karoshi originates in Japan, other Asian
countries like China or Korea are also affected by it. Common issues
for workers in these countries are prioritization of work over family,
relatively long working hours, and a poor work-life balance. Kivimaki
et al. demonstrated that employees working for long hours have a
higher risk of stroke than those working standard hours [1]. Cases of
karoshi are not only tragedy for the bereaved families, but also a
serious loss for society. Karoshi is therefore a pressing societal issue in
Japan, and its prevention is the responsibility of not only occupational
health doctors but all physicians.

Several problems regarding with Japan’s work environment have
been highlighted since the recognition of karoshi as a major societal
problem in Japan from the 1980s. Historically, hard work and diligence
have been considered necessary for rebuilding of Japan as it emerged
from the devastation of World War II. These attributes are also thought
of as characteristics of the work ethic of Japanese people, underlying
the robust state of its workforce. In 1970, the Pakistan Foreign Minister
Bhutto criticized the dedication and attitude of Japanese people for the

pursuit of economic profit referring to them as “economic animal”
Although the workplace environment has been improved since then,
recent news reports of "black enterprises” revealed that serious
problems in the work environment remain prevalent in Japan.

Various national strategies have been implemented to prevent
karoshi in Japan. The Industrial Safety and Health Act was revised in
April 2006. This law mandates a medical interview and physician
consultations for employees who work long hours. Nevertheless,
despite these measures, karoshi has not been eradicated. A United
Nations committee provided recommendations for preventing
overwork to the Japanese government in 2013. In response, the
Karoshi Prevention Council of the Ministry of Health, Labor and
Welfare of Japan recently released a basic policy, which has set a goal of
decreasing the percentage of people working 60 hours or more per
week to less than 5% of the population by 2020. In addition, a
mandatory stress check system was initiated at the end of 2015. This
stress check system includes an evaluation of the stress status of
workers and the provision to workers of the results. Results will be
analyzed in each workplace to enable the identification of the stressors,
thereby leading to improvements in the work environment. These
comprehensive approaches might decrease the number of cases of
karoshi and hopefully eliminate it in the future.

Karoshiand Psychological and Occupational Stresses

Cerebrovascular or cardiovascular diseases responsible for karoshi
include intra-cerebral hemorrhage, subarachnoid hemorrhage, cerebral
infarction, hypertensive encephalopathy, myocardial infarction, angina
pectoris, cardiac arrest including sudden cardiac death, and dissecting
aortic aneurysms. Although lifestyle factors are involved in the
pathogenesis of these diseases, occupational stress is considered the
major cause in cases of karoshi Oxidative stress and psychological
stresses are also involved in the development of cerebrovascular and
cardiovascular diseases.

Growing evidences indicate that depression is closely associated
with atherosclerotic cardiovascular disease. For example, a meta-
analysis including 11 studies to investigate the impact of depression on
the development of coronary heart disease in subjects who were
healthy at baseline shows that the overall relative risk of coronary heart
disease in subjects with depression was 1.64 [2]. Furthermore,
depression exerts a significantly negative impact on the prognosis of
patients with coronary artery disease [3]. These investigations clearly
demonstrated that depression is a pivotal factor linking occupational
stress and karoshi.

There are several methods to evaluate the extent of occupational
stress, including the effort-reward imbalance model and the demand-
control model. Regarding the demand-control model, the job content
questionnaire (JCQ) developed by Karasek is one of the most
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commonly used scales to assess environmental job stressors [4].
Occupational stress can be measured by qualitative constructs such as
job control, job demands and worksite social support. Job strain refers
to a situation where job control, which is a person’s ability to make
decisions and use his or her skills at work, is low and the job demands,
which include the pace and psychological intensity of the work, are
high. The job strain index measured by the ratio of job demands to job
control was used as an indicator of the occupational stress.
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Figure 1: The classification of health status by using the Self-rating
Depression Scale and the Job Content Questionnaire (JCQ)
simultaneously. It is based upon the presence or absence of
occupational stress and depression. Subset 1 is depression without
occupational stress; subset 2 is both job stress and depression;
subset 3 represents neither occupational stress nor depression;
subset 4 is job stress without depression. Data in this figure are
derived from reference 5 (Inoue N., et al. Intern Med. 2016; 55:
1071-5).

Recently, the relationship between occupational and psychological
stresses in outpatients with lifestyle-related diseases was examined [5].
In our recent investigation, the job strain index by the JCQ was used as
an indicator of the occupational stress, and depression was evaluated
by the Self-Rating Depression Scale (SDS).

We demonstrated that a univariate linear regression analysis showed
that the SDS scores were positively correlated with job demands and
the job strain index and negatively correlated with job control and
worksite social support [5].

Multiple regression analyses to predict SDS scores demonstrated
that job demands were positively associated with SDS scores and job
control and worksite social support were negatively associated with
SDS scores after controlling for other variables. The job strain index
was positively related to SDS scores (Figure 1).

These findings confirm that the occupational stress is closely related
to depression. Our research is a cross-sectional study, and thus
provides no information regarding the causal relationship between
depression and occupational stress. We speculate that the occupational
stress leads to depression.

Alternatively, depression may also leads to inefficient work, which
may induce greater self-evaluated job stress. Taken together, these
findings suggest the possible existence of a vicious cycle consisting of
the occupational stress and depression might exist.

On the basis of our results, we propose a classification system of
occupational stress and depression by simultaneously using the SDS
and JCQ. As shown in the Figure 1, all subjects were divided into four
subsets by defining subjects with SDS scores over 40 points as
depressed, and those with a job strain index over 0.50 were defined as
having occupational stress.

This classification is based on the presence or absence of
occupational stress and depression. Subset 1 consists of subjects with
depression but no occupational stress, subset 2 consists of subjects with
both occupational stress and depression, subset 3 consists of those with
neither occupational stress nor depression, and subset 4 consists of
subjects with occupational stress, but without depression.

The depression experienced by subjects in the subset 2 is likely to be
caused by excessive occupational stress whereas the subjects in subset 1
might suffer from stressors other than occupational stress, such as
those arising from family matters or personal reasons.

The subjects in the subset 4 might be doing well because they are
able to cope with occupational stress. Thus, this classification system
could contribute to promoting a healthy workplace and serve as a
detailed guide for individual workers.

Karoshiand Oxidative Stress

The pathogenesis of cerebrovascular and cardiovascular diseases is
complex and is related to atherosclerosis. Previous research-both
clinical and experimental-has indicated that all traditional risk factors
for atherosclerosis including diabetes, hyperlipidemia, hypertension
and smoking, induce oxidative stress in the vasculature.

Previously, we demonstrated the enhanced production of reactive
oxygen species (ROS) in atherosclerotic coronary arteries of patients
with coronary artery diseases [6]. Oxidative stress is implicated in the
formation of atherosclerotic vascular diseases via various processes.
Under enhanced oxidative stress, low-density lipoprotein (LDL) is
oxidatively modified.

The formed oxidized LDL induces various biological activities that
are related to atherosclerotic processes including endothelial
dysfunction, promotion of the proliferation of vascular smooth muscle
cells, and induction of the expression of adhesion molecules and
chemokines [7,8]. Because atherosclerosis-based cardiovascular and
cerebrovascular diseases underlie karoshi, oxidative stress is one of the
contributors to this problem.

LOX-index, a novel biomarker for cardiovascular disease and
stroke from a view point of oxidative stress

The pathophysiological effects of oxidized LDL are mainly mediated
via the lectin-like oxidized low-density lipoprotein receptor-1 (LOX-1)
[9]. LOX-1 was identified as the receptor for oxidized LDL (oxLDL) on
endothelial cells. LOX-1 expressed on the cell surface can be
proteolytically cleaved by an undetermined enzymatic system in the
membrane-proximal extracellular domain and released into the
bloodstream as a soluble form [10,11].

Recently, we reported the significance of LOX-index, which is
calculated by multiplying the level of the LOX-1 ligands containing
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apo-lipoprotein B (LAB) and soluble LOX-1 (sLOX-1) as a predictive
marker for stroke and cardiovascular disease. Data from the Suita
cohort study revealed that a higher LOX-index was associated with an
increased risk of cardiovascular diseases and stroke [12].

It has been reported that the multivariable-adjusted hazard ratio for
ischemic stroke and myocardial infarction from the second to top
quartile of LOX-index was three-fold and two-fold higher, respectively,
than that for the bottom quartile after multivariable adjustment in a
community-based cohort study (Figure 2).

Thus, the LOX-index might be a novel predictive marker for these
diseases from the standpoint of oxidative stress.
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Figure 2: Multivariate hazard ratios (HR) and 95% confidence
intervals (CIs) for the incidence of coronary heart disease (CHD)
and ischemic stroke during 11-year follow-up of 2295 urban
Japanese residents, grouped according to LOX- index quartiles
(Q1-Q4) after adjustment for age, sex, body mass index, smoking,
drinking, hypertension, diabetes, lipid lowering agents, and non-
high-density lipoprotein cholesterol. Data in this figure are partially
derived from Table 3 in reference 12 (Inoue N, et al. Clin. Chem.
2010; 56: 550-8).

Relationship of Oxidative stress and Psychological
Stress

There is some evidence indicating the interaction of psychological
and oxidative stresses. For example, depressive symptoms have been
correlated with lipid peroxidation in human blood [13].

Andersson et al. investigated the effects of psychological stress on
LOX-1 expression in rats [14]. Psychological stress upregulated LOX-1
levels in the vessel walls through the formation of ROS. Their
experimental observations suggested the possibility that LOX-1 might
be a key molecule that links oxidative stress and mental stress.

Considering this close relationship of LOX-1 with stress, the
relationship between the LOX-index and psychological stress was
evaluated in 331 consecutive outpatients with lifestyle-related diseases
such as diabetes, hyperlipidemia, and hypertension [15]. The results
showed no significant association between the LOX-index and SDS
sores in outpatients with lifestyle-related diseases as shown in Figure 3.

However, a simultaneous evaluation of the LOX-index and SDS
could be used to classify the subjects on the basis of two different
aspects - oxidative and psychological stresses. The subjects with SDS
scores over 40 points were defined as being depressed and those with
the log-converted LOX-index over 3.0 were defined as having
cardiovascular risk because of oxidative stress according to the
previous investigation.

Therefore, all subjects were divided into four subsets as shown in
Figure 4. This classification is based on the presence or absence of
depression and oxidative stress. Subset 1 consisted of subjects with
oxidative stress but without psychological stress; subset 2 consisted of
subjects with oxidative stress and psychological stress; subset 3
consisted of subjects with neither oxidative stress nor psychological
stress; and subset 4 consisted of subjects with psychological stress but
without oxidative stress.

Occupational Psychological
Stress Stress
Jca SDS

. &
Workers

LOX-
Index

Oxidative Stress

Figure 3: Meticulous stress evaluation for the prevention and
elimination of karoshi from different perspectives. Occupational,
psychological, and oxidative stresses could be assessed by the job
content questionnaire (JCQ), the self-rating depression scale (SDS),
and LOX-index, respectively.

Subjects in subsets 2 and 4 may need psychosocial intervention
whereas a lifestyle modification program is likely necessary in those in
the subsets 1 and 2. Thus, this classification system could contribute to
the risk evaluation for cardiovascular diseases and could help guide
individual subjects.
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Figure 4: The relationship between the Self-rating Depression Scale
(SDS) scores and the log-converted LOX-index. There was no
significant relationship between SDS and the log-converted LOX-
Index. The classification of health status using the SDS scores and
the LOX-Index. It was based upon the presence or absence of
cardiovascular risks and depression. Data in this figure are partially
derived from reference 15 (Inoue N., IJC Metabolic & Endocrine.
2016; 12: 3-7).

Multifaceted approach for the Prevention of Karoshi

The workplace environment is rapidly changing because of various
factors such as the globalization of economic activity and technological
innovation. However, the prolonged economic downturn has
prompted corporate restructuring and pushed workers into early
retirement. Furthermore, information technology has reshaped the
society. Computer-based working places that require long sitting times
alleviate physical burden, but adversely affect mental health.

On the contrary, a low birthrate and an aging population are the
challenges that are confronting many developed countries, including
the United States and Japan. The population of Japan in particular is
aging at an unprecedented rate. Therefore, the overburden on the
working population has markedly increased in this country.
Furthermore, the Japanese lifestyle including dietary habits has been
changing for the last few decades. The traditional Japanese diet
containing vegetables, seafood, soy, clear broth, rice, green tea and
seaweed, is originally healthy and well balanced.

However, the recent replacement of these natural fresh foods with
unhealthy fast food has adversely affected rates of cardiovascular
disease occurrence. These lifestyle alterations might enhance the
oxidative stress.

Because the circumstances at workplace are worsening, the
prevention of karoshi is an urgent issue that should be addressed by
Japanese society as a whole. The most crucial issue in the prevention of
karoshi is the improvement in work environment including the
adjustment of working hours, reduction of occupational stress, and

enhancement of welfare programs and social support. Furthermore,
lifestyle-related diseases such as hypertension, dyslipidemia, and
diabetes are closely associated with the pathogenesis of cerebrovascular
and cardiovascular diseases, which are responsible for karoshi.

Therefore, the management of lifestyle-related diseases is also
crucial for the prevention of karoshi Because the LOX-index is a
marker of these diseases, it might be useful in risk stratification of
these diseases. Furthermore, as described above, a simultaneous
evaluation of psychological and occupational stresses could help
identify stressed and overburdened employees who are at a high risk
for karoshi.

Thus, all workers should undergo meticulous stress evaluation from
the perspectives of preventing and eliminating karoshi (Figure 3).
More importantly, prospective studies are needed to assess whether
workload reduction and improvements in social environment and
lifestyle might improve the results indicated by these markers
including LOX-Index, SDS, and JCQ.
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Haemoptysis as a Presenting Symptom of Thoracic
Aneurysm Dissection
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Picture 1.

Picture 4.

Picture 3.

massive haemoptysis occurring 3 days previously. Her at-
home caregiver heard about the event and brought her to our
hospital. At the visit, haemoptysis disappeared and she did
An 85-year-old woman presented to our hospital due to not have any other symptoms. A chest X-ray (Picture 1)
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showed a huge mediastinal shadow and a dull left costo-
phrenic angle. Enhanced chest CT (Picture 2) revealed
chronic thoracic aneurysm dissection (Stanford type B) (Pic-
ture 3). Emergency thoracic endovascular aneurysm repair
(TEVAR) was immediately performed (Picture 4). The post-
operative evolution was favourable and she was discharged
on postoperative day 23. In the majority of cases of thoracic
aortic dissection, the predominant presenting symptom is
chest pain, occurring in over 90% of the cases. Haemoptysis
is a rare but well-documented complication, occurring in 6%
of the cases (1, 2). In patients with haemoptysis, physicians
must keep aortic dissection in mind as a differential diagno-

sis, even if they do not have chest pain.
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Assessment of Occupational Stress and Mental Stress in Lifestyle-Related Disease
for the Prevention of Karoshi

Kazue Fukuyama”, Takayuki Yoshioka” Sonoko Hirayama®, Toru Ozawa?,
Sachiyo Iwata®, Asumi Takei” and Nobutaka Inoue"
UClinical Research Center, Kobe Rosai Hospital
“Department of Cardiovascular Medicine, Kobe Rosai Hospital

Karoshi, death from over-work, is usually the extreme result of cardiovascular diseases. Even after the
problem was widely recognized in the 1980s, many people are still dying or committing suicide after being sub-
jected to excessive occupational stress. Therefore, there is an urge need for the enforcement of occupational
stress reduction. As a result of the Occupational Safety and Health Act passed on June 25, 2014, companies
with 50 or more employees need to implement stress checks. The stress check system includes an inspection of
each worker’s stress level and notifies them of their results. The results will be analyzed for each workplace,
and this stress check system will make it possible to clarify the stressors in the workplace, thus leading to im-
provements in the working environment. With such an effort, the prevention of mental health-related disorders
including karoshi is anticipated. Recently, we found that the health conditions could be classified by simultane-
ous estimation of occupational stress and depression. This classification can contribute to promoting health in
the workplace and the guidance of individual workers. In this review article, clinical implications of occupa-
tional stress in pathogenesis of karoshi are discussed.

(JJOMT, 64: 255—259, 2016)

—Key words—
stress check system, cardiovascular disease, karoshi
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ABetefts « RBEOBE - AR, WO SR E
& UTALlRERs 2 M, SlRImAeAE, SEBhIR R ZE,
LMo, Wigs, BERMPERAEZE ST b7z, ABetk
IEFRAHES 21206, CKRIA7ne roFE 2zt
S, W19 H THGE SN T MRI (K1) 1I2TH T

F1 ABERARA AT

(CBC) (AE1E%)

WBC 13,180 /ul TP 6.5 g/dl
Neutro 81% Alb 3.2 mg/dl
Lympho 13% AST 8 1U/1
Eosino 2% ALT 7 10/1
Mono 3% LDH 164 TU/1
Baso 0% Y-GTP 14 U/1

CPK 33 TU/ml

RBC 448 J3 /ul BUN 21.3 mg/dl

Hb 115 g/dl Cre 9.0 mg/dl

Ht 37.4% Na 141 mEq/1

Plt 41275 /ul K 35 mEq/I

(B R) Cl 100 mEq/1

PT 76% CRP 1.5 mg/dl

APTT 32 TG 110 mg/dl

Fib 606 mg/dl HDL-C 39 mg/dl

D dimer 0.2 ug/ml LDL-C 73 mg/dl

Glu 152 mg/dl
HbAlc 8.3%
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A Case of Type 1 Diabetes with Diabetic Muscle Infarction
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A 40-year-old woman with type 1 diabetes receiving dialysis was hospitalized for sudden right lower leg
pain and paresthesia. Based on clinical feature and the MRI imaging, she was diagnosed with diabetic muscle
infarction (DMI). Intensive control of blood glucose and the rest of the affected leg were effective in this case.
DMI is a rare microangiopathic complication and its pathophysiology and etiology have not yet been estab-
lished; however various potential mechanisms have been proposed including peripheral circulatory disorders,
vasculitis such as thrombotic microangiopathy. The present case highlights the significance of MRI imaging in
diagnosis of DMI. This case had suffered for diabetes for the long period and its control was insufficient, and
she also had both diabetic retinopathy and nephropathy. Since poorly controlled diabetic patients like this case
carry a high risk for the development of DMI, more attention requires for vascular complications including
DML

(JJOMT, 64: 231—235, 2016)
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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

Future Sci. OA (2018) 4(4) future science group



Prevention of thrombotic disorders by diet & exercise =~ Review

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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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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