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MR 7GR TIE27.9%, eEIRE BIEFI 24T
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LOX Index
1500- p<0.05

1

10004

LOX-Index

500+

=

1 HEERER(CAD)E . A Ky 7 %73 (Control) D LOX-Index D Lk
B R BIER] TIL, LOX-IndexfEAN A v 7 ZZIEBNZ LR CTHEICEMHE CThH > 72,
(FiHE : 22737 A MU » 2 Mann-Whitney U fR7EE)

AR B BARE BIEH n=161 (M/F=138/23,62.5 = 11.4/%)

v £ E B BARZE BB n=105 (M/F=94/11, 61.0 * 7.85%)

v B E M AL R B EE Bk B AEH] n=19 (M/F=17/2, 55.9 + 12.75%)
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B3 WEEMEA R L2 DR

FEREME A B L 2 A JCQIT & 2 job strain index(Z TREAT L 7z, Control: Af#] R 7 %323 . CAD: e EhfJRIE
FBJERI, Job-related CAD : kZEVEA I L ABEEEIIRR L, TSR b L A BEUEE R T, Job
strain index Talli L72H&EME R b L AITITAEEICTUE L Tz, (FEFHE © Kruskal-Wallis®D 1 7E)
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SDS TRl L 72 K5t 2 b U AGMREBI OFI G, HERE B2 S AM Ny 7228 ORI T,
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L HEFERERO, EFRA LA VIR E O CTHERMEBEZE O, F-F
THREIZE LTI, MBS W THBRER R & A BB OB 238072, SDSTHE
L7245 > & OBMRTIE, KHEICBWCTOR A gt MR & ORICAHZEZARBEN S
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U A LIS SARE D IAET D 2 E MR ST, [BE] KM BT ~T, Ky

M55t L COMETI T D = & BNHEER S iz, w97 sElh i,

9o Ltk

Rt 2 B L IC B RS REETH D LB DI,

A. TFEHB

W7 FEIE, 19804EEE 2 &+ R L ST LL
e, BIED HARIZE T i b BERASFEOO
EOTHD, 29 Lizimymicxt LT, EFHNAR
B0 f A & BAR S 40, 20144211 7 1@ 557 JEAE R 1k
K RHEREIE DS AT S 72, 2015412 7 7 B #7554k
ENIZARVAF =y 7 VAT NI EHEICA
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i L, GREOUGEL BHiF L, & 6121l
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DA NVAER | [DF DA N VAR RO,
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ZEMKROENTWD, 29 LIERREMEA LA
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16

WOBERITHEESN TN D, BEMER b L A%
HOREM(control) & | AEFIT KR D BRE
(demand)D S 72 DOB N HEHMETT 2 H D Th
Do DFEVAFICKT HEEHEN 2 (EF=a
b —/VEEDMEY) | AR E WEREIEE
(FEFELOREED E VDY), BREMER ML ARmn e T
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TREIZAEBIL LEHl T 2 HETH D, ICQDL:
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TebDEAFEA N A R E LTSN b
LVADORHZE UTCRHMIY %, Fox i3, FiEHE
TEIRRER 256 BT L7 fET T JCQIT K » THEAM
L7 EEMEA LA & | Self-rating Depressive



Scale (SDS)IZ CaFAli L7811 5 D3 HEI$ 5 Z &
% 7~ L 7= (Inoue N et al. Intern Med 55: 1071-1075,
2016), HEEMA M LA ziﬁr“ VAR Tfﬂ 5 e
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el ’:Jab\f?b R B AL IR 3 D Bk A
MU AR EITFEO BRI H T LR ST
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T EI ST TE L o T D, D30
R B50ANIE, FHETHROE B LT-E T,
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FKURT,
2) JCQIZ X DHEZEMEA b L A DR

ARETTIL, BEEEMEZ B L 2%, Job Content
Questionnaire (JCQ)Z Ta¥li L 7=, JCQIZ, 5D
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HI72 3k % T v — MO TR A8k URFAT
T5HETH S, JICQDjob demand D% . job
control DETER L72H D% job strain index & L T,
THEMEAR P L ADBRZE UCHHEi L7z,

3) KA kL 2 OFHE
FIEF ORI A N L ATX, Self-rating

Depression Scale (SDS)IZ CTafAli L 72, SDSI%. #x
AT AIE2058, B il E805 T, 405 L B &K

AR A N L ARG & HIE L7z,
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X 1

#1 BEHE KRG
B (n=300) M (n=120)
i (FF) 53.149.8 49.6+9.4 p<0.001
EHEA (n, %) 237 (79.0%) 70 (58.3%) p<0.001
FEBREM (n, %) 63 (21.0%) 50 (41.7%)
BFE (n, %)
FEW (0, %) 71 (23.7%) 43 (35.8%)
FHEB (n, %) 101 (33.7%) 8 (6.7%)
B (0, %) 4 (1.3%) 0 (0%)
B - B (n, %) 66 (22.0%) 33 (27.5%)
JRFE « P —ERAM (n, %) 58 (19.3%) 36 (30.0)
ABLZEREE (Ref) 193.5+53.0 164.5£59.5 p<0.001
HEERE 31.1£5.9 30.6+5.8 p<0.05
ftFEa h— 68.8+10.4 62.9+11.9 p<0.001
BAR B 22.4+4.6 23.4+4.0 ns
HERA LAY 0.46+0.12 0.51+0.14 ns
SDS X a7 35.7£7.5 38.5+8.4 p<0.01
BHARRY S XEAB KRy 7
o p<0.0001 60; 0,003
12=0.1375 2-0.1382
L
o
-
H 20,
O 0 200 30 a0 ko T e ma—.
AR Bt nsng

LBEANHE Ry 7 28 B D AR & AL EORE ORI
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BHEAMRYS THEAERY 2
N ~0.019 LArTYH
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*2 SDSZ it J@ A & L7z PRI Ry B [ AsT  (Zeth)

B B B
Ga -0.057 -0.057 -0.069
JE e (Ee: EAREA)
FEHSF I — -0.172 -0.147 -0.144
MFE (¥ . %)
FEGSY I — -0.057 -0.057 -0.029
HFHT S I — 0.113 0.106 0.143
IR — R I — 0.203 0.195 0.205
A Tk I 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%* 0.087%

THEICERO ST A B ERRE E I DL BEN ED L ) RRTF 2N L WD ERETT 5720
SDSZ B Ak & U= @ BRI 217 o 72, FART X H 1, ERERE, BRE, Ew%ﬁ
%LT%\Hﬁ%ﬁﬁkﬁm@%ﬁﬁ\ﬁﬁﬁm%%m@to;@%Twp\ﬁ$ZFV4/%
B BRIGEE 2 MSI A e L TRAT S & ARt ¥R & SDS & O OF /A BIBIFR ITIH K
L7e PAEOFERNG, Tk, ABRERRE &5 > X, BGIEAR b U R ERG S
DIAET D Z BRI,

#3 SDSZ it J@ A F & L7z PRy E [mm it (54h)

B B B
FEilh -0.091 -0.153 -0.101
e (e EHEA)
FEEHF I — -0.081 -0.086 -0.098
TgRE (JE7 : 998)
EEMS I — -0.235* -0.228* -0.112
AR Y I — 0.005 0.007 0.037
HFEAT A T — -0.188 -0.213 -0.132
JRFEY —E A I — -0.179 -0.184 -0.097
F k2R 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**

BYECRBROBE B ERYFENT 21T - o5 1. BAFE, B, FE2iidg L7256, BGA b
LA v B R L SDS & ORI EE A R 7,
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Multiple regression analysis of log-converted LAB and sLOX-1.

LAB (log-converted) (R? = 14.5%) sLOX-1 (log-converted) (R? =1.4%)

B 9524 B p-Value VIF B 95%C1 B p-Value VIF
Age 0.001 0.000 to 0.002 0.062 0197 1.213 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 1.292
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 -0172 1.148 1.452 —0.004 0.071to 0.063 —0.007 0.907 1452
DM 0.002 —0.028 to 0.032 0.007 0388 1.155 0.052 0.007 to 0.096 0.116 0.023* 1.155
Smoking 0,073 0.043 to 0.103 0218 <0.001* 1.102 —0.010 —0.055 to 0.034 —0.023 0.646 1.102
HT 0.019 —0.005 to 0.042 0,078 0114 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.
“ pvalue of < 0.05 was considered statistically significant.
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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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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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Tomoko Nishiumi
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A Case of Type 1 Diabetes with Diabetic Muscle Infarction

Tomoko Nishiumi”, Yusuke Tanaka”, Anna Tamagawa” and Nobutaka Inoue”
YDepartment of Diabetes, Kobe Rosai Hospital
“Department of Cardiology, Kobe Rosai Hospital

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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diabetic complication, diabetic muscle infarction, dialysis
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Present status of dyslipidemia management in super—elderly patients with
ischemic heart diseases

THEEz  NE W CH-H BARH SRRz & &2
FULEF sHER HREHAX xRt HEEF
WITTHEA S BERBIBIHEE MRS SRk ERERHN

{Abstract)
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ZHEh, P OBBIEXREIBITINAEZFIBZDI 5, BHREEDEREZEDH 2 ZKFHNREE 76
L, BERRENRIBENDEIEEREICOVWTHEET - .

BRI RTHEHREZEICHSVT, HEHIE, LDL-C NEIEBEM@[100 meg/dL K& |2 ERTETH
59, £/, 0MULOBESHEENTT, BEEXZREDER, BEHREBEOEROH - B TIE, BR
Dl - =B E AN LDL-C DEREIED - 7=,
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BECHVT, O LOBERHEICSVWTDH, LDL-C DEBLESEIEETH D LHEIN,
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FHINREH 76 Ll oW L7, WSRAEHIE,
iz CHREBRFOEF D EET N T3,

BREt 1 M OFEZ R T 57012, NREH
76 4D 9 B, 70 MR (n=20), 80 KA L (n=
27) D 2 2L, R FPI&ZEE LDL aL A
71—V (LT, [LDL-CJ), ®¥RER (LT, TG,
HDL a v 27 u—) (LLF, HDL-CJ) DElE%
Heghrat L 7=,

it 2 WREBET6 40 H b, WEREEHmED
R, SEHIREOBREROEET, HEH (=
52), EF LB (n=24)D 2 BHIcyV), WBERI<T=
RF I EAEEE DR % e L 7z,
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L Vol.48 No.8(2016)

RELHEECTNEZ S, JILE, BERE 18
HEA2, BEEFEOZHIX, Zhzn, SIE
BENA F 74 v 2014(HARIMEESE), BEREIG
BEA A F 2012-2013 (HABEIRINFS), CKD 24
4 F2012(HAHREZ), BRI E P2 A
F 74 > 2012 4Eple (H ABIIRIEAL 2 2) I #E U T
o7, HEIIREE OB, RENEBIIRIZK
it (LLF, [PCLD), 5d @Ak X 4 ~¢ & fif (BT,
[CABG)) T E i BEED H 2 hEHl & Lz, &
I BT, BEIRHEE ORI, PCIED AT
v FNFRAEE L O, FIRAEEIEREOHBE L
Te. e, 209 b AMEREERE(LUT, TACS)) &
5H1CH -7,

O ®8

1. BEE=

NREFOHRIZOWT, ‘UIRT, FHER
1, 74.6+8.5 % EEIRKEEDHFED H 2EEH X
52 l, BEFEDZIEFIZ 24 B TH o7, HEDD
ZHECI, BERWE, BEEAe, REREEORE
BIH% EBICH o 7z, R FF 7 8RR
IZDoWTIE, WMEMTER o7, £, T0HE
Wi i% 20 B, 80 FRLA I 27 HlTH o 72, BUEEARL
REG % 80 A L#FT 16 11 (59.3%) £ % <, PRE%
WAREAEB I3 70 FRAR M AET 13 #1(65.0%) &£ %2> -
7o, —HAYFrONREZ 80 UL EHETAH W
EWIHEERTH o7,

2. BEEEBEEEOERIOZREDHIR

TEBNARIR B8 D BEAE D & 2 KEH] O AR BB FE D 3
DBURICOWTRET L 7 (R 1), LDL-C oEHHEF
fifi (100 mg/dL &) DZERFETH %25, 70 HA W
FE(n=20)7TIlE, 55% (11 %), 80 LA E#(n=27)
T2 55.6% (15 4)CThHh, MBFHICERE IR B -
7o, tRYERENG OB B B EEELEE, 70 AR T
40% (8 44), 80 WXL LBET 77.8% (21 &) TH o 7=,
HDL-C icBH L T, 70 AHET 60% (12 %), 80
UL ERETIE 88.9% (24 £4) DEREKRTH - 7=,
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*1 BEETS
S ML LD
n 76 24 52
Y A i () 74.6%8.5 73.1x8.0 75.3%8.1
L (n) (FEEE%) 37(48.7) 12(50. 0) 25(48.1)
FEPRIE (n) (HEFE%) 26(34.2) 6(25.0) 20(38.5)
12 A4 (n) (%) 36(47.4) 8(33.3) 28(53.8)
R BAHHE (n) (HEE %) 40(52. 6) 10(41.7) 30(57.7)
25 F v DONAR () (FLFE%) 50(65. 8) 15(62. 5) 35(67.3)
EPA Ok (n) (%) 15(19.7) 4(16.7) 11(21.1)
IEF I 7ONMR () (HFE%) 5(6.6) 1(4.2) 4(7.7)
74 77— FDHRM) (FEFE%) 3(3.9) 1(4.2) 2(3.8)
2k 70 FRA 80 LA I
n 76 20 27
S A i (%) 74.6+8.5 63.1+4.5 83.1+2.4
I (n) (FE3R %) 37(48.7) 10(50. 0) 13(48.1)
HEPRIE (n) (HE3E%) 26(34.2) 7(35.0) 9(33.3)
B4 (n) (%) 36(47.4) 6(30.0) 16(59.3)*
PEEL L AE (n) (FEEE%) 40(52.6) 13(65.0) 7(25.9)"
EEIREE R O FEFE (n) (%) 52(68.4) 14(70.0) 21(77.8)
A% F ORI @) (%) 50(65. 8) 15(75) 14(51.9)
EPA MR (n) (%) 15(19.7) 2(10) 5(18.5)
IXF I 7ONM () (HFE%) 5(6.6) 3(6) 1(3.7)
74 77— FOHNRM) (HEE%) 3(3.9) 1(5) 0(0)
*p<0. 05
LDL-C TG HDL-C
ns p<0.001 p<0.001
100 1 1 100 - 1 100 - 1
754 75 75
X X X
W 50 | ¥ 50 B 50 |
25 25 25 4
70K 80 LE 70K 80mLLE 70REAR 80 E

1 70 EKRimE & 80 MU LD 2 HE TOEEETEEREREOLR

PERE ¥ & OV HDL-C O B H R EERE L, Vi R Il o 7o b, WERRMIE I, 70 BARTHE T 80
nd 80 IR L THERICHE o %, 7, MR A ERECHRTHRICEETH > 7. £/ HDL-
IEEfED Kz 2 128§, LDL-ClEREEE% Cl&, Wz 70 AR Tl 80 KA EAFICHINTH
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R i =S
" 25 1 " 25 " 251
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BESH) BRLEL BR») BRLL BREH) BRELL

3 BHRREBROAETOEEEEBREREOLR

BICEETH o, TS, IREEHEERED
Mg & —3 LR Th o 7.

3. REHERBEREOENRE L BHIRABFRLE

DEE
FEE B HEERCRICEE L€, WEEIRIE R D FEF
DA TRRET L 72 (B 3). LDL-C DFE&

HEMGER L, SEREROHERZEO 58 (=
52) T 55.8% (29 44), HHARDHVE(n=24)T
54.2% (13 %) TdH - 7=, TG DIFHEE B HIZERFE
1%, EEIREEROTEHKZ R0 55T 63.5% (33 44),
HE2BDROEET62.5%(15%)THo7, »F
NOLFROGWTEREERZRD o, 127201,
HDL-C B L Ti&, EEREEO A LR 5 Hf

Ll Vol.48 No.8(2016)

T75% (39 44), FHEZRDZWEETIL 7% (22 %)
DERETH Y, BHREED DHETEREIEL -
7. Fie, MBHOREMOHEZR 4 18T, 1L
HREMEAE, SEREROHAEDOE T LDL-
C &hEREMifEIcB L T2 %2899, HDL-C I
B L T3 R TRV HEAITH - 72,
SICHEEEHBEEEREICL T, EEREE
DHFEOERLZ T TlE L, FhizER L T L
7-(F2-3, X5). LDL-C DREEHHZEEREIC
DWTIE, 70 AR (n=20)D 9 b, EEIRER
DEHFEZRD B (n=14) TIZEREH57.1% (8
Z), BHEHOLE»P- B (Mm=6)7TI%50.0% (3 4)T
HYH, BROFETEREZRO P, LL
%h35, 80 L LR (n=27)TiF, EHEIREBOFH
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DLRicBRET 2 &, EERKEDOFHEZ RO T
ARIGEREIMED - 7z,

AR o MR B B H BRI D W TR, T0 %
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FE(n=14) TI¥ 42.9% (6 &), MHED L > - HF
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PLE(n=27)Cl, BEIREEDOHFHZ RO R
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DEEIZDD0 6T, T0 AT TREMFELE - &
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DEBHEEREPERICE D LR TH - 1,

61, BEIMWREZOHROAM TR L L C
%, LDL-C, TG IZZERBICHEE I kd o705,
HDL-C (& EREZE D f 5D H % #FE CTREMELH
B EDFEHRTH o7, T, HRDOD S 80 K
DL ERETIE LDL-C DEMREIME L, L0 #RT
% 7=, Petersen & DRI TIZYTIZ, [80 &M L]
Dl HEE B 2 RER TEEDOZIRIC oW T
RS LT 223, 80 imbA_EREHIC R L CHEERE T
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LDL-C TG HDL-C
70 AT 80 LAk 70 J& A it 80 LAk 70 FA i 80 2L
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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,
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LOX-Index
4.07 subset 1 Subset 2
3.5
ns
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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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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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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.

LOX-index
low b
TS
&
high
1 2 3 4
Relative Risk of CHD
LOX-index
low ®
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1 2 3 4 5 6 7 8 9
Relative Risk of Stroke

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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Objective: Rare disease

Background: 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.

Case Report: 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.

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

327



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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