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Gender Medicine

(4) Gender Differences in Cardiovascular Disease

Kayoko Sato
Department of Cardiology, Tokyo Women'’s Medical University, Tokyo, Japan

Differences in cardiovascular disease are found between the genders. In women, it is known that estrogen
has both indirect and direct protective effects on the cardiovascular system. This includes a decrease in low-
density lipoprotein cholesterol (LDL-C), an increase in high-density lipoprotein cholesterol (HDL-C), the vasodilata-
tion response by endothelial Nitric Oxide Synthase (eNOS) synthase, and prostacyclin synthesis.

Many cases of coronary spastic angina and acute coronary syndrome (ACS) have been observed during the
menstrual and the late luteal phases of the menstrual cycle, corresponding with low levels of estrogen. After
menopause, the risk of atherosclerosis and associated conditions such as; dyslipidemia, hypertension, obesity, dia-
betes, T cell activation, and adhesion molecules, increase. Consequently, the risk of a cardiovascular event also in-
creases. In addition, regarding the pathological mechanism underlying ACS, erosion is observed most promi-
nently during pre-menopause, whereas plaque rupture is observed in post-menopause.

Furthermore, microvascular angina is often found in menopausal women displaying various symptoms, thus
a diagnosis may be difficult. We recognize a decrease in vascular endothelial function and the coronary flow re-
serve and a high level of lactic acid in the coronary sinus as diagnostic criteria. Regarding problems associated
with the “super-aging” society, there are many elderly female patients with HFpEF (heart failure with preserved
ejection fraction) who have diastolic dysfunction. Also well-known are cases of atherosclerosis and osteoporosis
progressed by common risk factors, and recently, vascular bone disease.

There are characteristics in women for microvascular angina and heart failure, as well as ischemic heart dis-
ease, due to atherosclerosis caused by the sex hormone environment in later life stages. Considering gender-
specific medicine in the prevention and treatment of cardiovascular disease is important for healthy aging of

women.
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DEEN: % ZJE L 722 R4 (gender-specific medi-
cine) 2% 1980 4EAC#% 1% & K [E NIH (National Insti-
tute of Health) ZHUMZAEE 1, 2004 4F 12K ElL LS
W2y (American Heart Association : AHA) X0
[ZMED IO DLMERB T A FF 4 ¥ 1"h3%
FENz bAENTBWTDH 1990 FERFZP X b P
PR EEMEATTRHE ST, 2010 4E1C H ARG 2
X0 [TERAFFIBICH T AR T 5 74
P4 v PAasgksh, R—FHEFORVHA
PN BT 2 A B O PE AT 5 O B2 25325
LY (YAs

TYERIVE Y THDHIA Masr i2id, LIS
X9 B kR4 7 BRI PREEVE & R IRETER A3
52 ENMOENT WA, FREICX Y FVE VERED
WS 5L, RERERE SIEE JEW, BRI
= EOBIREEALY) A 7 DSHEI L, g IO
BAXRY IV AR EAT L. £/, RETITEM
A & BYIRAEAL R MAE A IRILDOBETH 55 - 4
AHRE (vascular bone disease) DS H 02 & 2D, D
HIZBWTh T bayr Y /RZICE 2 HWRIOTHED
RINENIRILEREZ D 26T 2 EAVRE S NS, K
FCid, TR a7y oLmE I3 578 & Pk
A - EAER] - WIS B 2 BIIREEIL N D 2
R, WAEORD LN AR LR MAEREIZONT
BT 5.

1. TZAMASFCOO0MEICT 5/EH

T A MO U3k A B0 SR TS B R
TRAEVEH & W REER 2 S 5 2 L2395 Tw
% (Figure 1)°. T A b a7 v O RBRHEER I,
IR, /s, AR ICER UIRE RN 2B 2 L
9. BF i R K Al # #% @ low-density lipoprotein
(LDL) =45 s L G2 m s, ks Y 7
Y+ 1Y FYsX—¥F (hepatic triglyceride lipase :
HTGL) O & Ml § % 2 & Tl LDL 2 L A7
O— VAT S5, F 72, P /M2 B0 5 high-
density lipoprotein cholesterol (HDL-C) @ %= ZLA# hk
HHTd 5 apolipoprotein fraction A-I (7R AI) @
AlbL, M HDL-CHEmzb 7267, 2561,
1) R#F (a) (Lipoprotein (a))=*> small dense LDL
WL SELREDLD D

a7 = B A O R ey T 1 DR (IR ER AR D

DBICREH T A asr Y L7 ¥ —a (estro-
gen receptor o : ERo) R A b v L7 ¥ —
(estrogen receptor B : ERB) (ZH5 & LI H I PRENE
FZFEET 27, MAENEAN T, NE AR mE
PR BOIG T @ % I o AR AE P I 45 9 ok SO (flow-
mediated diameter : FMD), W B & NO & 1% B 3%
(endothelial NO synthase : eNOS) i, 71 & %
4 7 ) ~ (prostacyclin : PI) BEA:, PNz i 388 A
¥ (endothelium-derived hyperpolarizing factor :
EDHF) A2 ZehZehms € 5. —F, = Ft
1) ~-1 (endothelin-1 : ET-1) BEARHEZMILD 7 R
=Y R, EESFRBAZIHT S, EoaHr0
DN RTERHIIY (endothelial progenitor cell : EPC)
DG D I AP FME 103 5 R &
L MmERER 2R L, 72 R ER O MmE
P A o it A %2 Y4 i 2 0 28 AR PRI &2 3
T2, BT A b o s E G, e
=, BIREEALAEHAE, OIER, (OGO B KA1E
Mobs7TvId7 Yy v INOZHEAKTHH AT
ZRARO MEFF I B 5582 H4 5 2
ENRHOENE RS, TROWNEETA u sy
2 & A OIME PREECE RIS X 0 BRI 21 1 O i i
BORIEPDVHVEEZZOSNT WA,

2. MABMBSIUVEFHLURCHETSIX AT
COOIME ST 2HE

BRI OB IE = A b a7 > o iRk
B, =2 gy oy, PERE, = o
FUMETL7ar A7 a r 0T 5 K0 E H
D, ZONEELEEFRVE O FRENC & 528
ARLMAE IR E T Y. BERMETIE, FMD 23
JARNC X 5 2 b adr VLI WER) T 5 2 A8
HMHENTWBEY, ZNIX ER 245 5% eNOS U VL
7213 Akt/PKB 2§ A1EHEZEZ BTV 5.
2R, PR 21 0 b A 1 AR OoE R Bk SR AR AR
(acute coronary syndrome : ACS) DI&HE, B & fnf
12X % ST ZMLiE = 2 b a s & 45 O AR B AR K )
5 HFEMNCZ < (Table D™, P 15 TR
U TR IR B AN LT 75 & T I
L% b (Figure2)”. F7-, Wik #hiRm{biE
BV ERa B £ OWERP DI EBED ST
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Figure 1 The protective direct and indirect effects of estrogen.
eNOS, endothelial NO synthase; PI, prostacyclin, EDHF, endothelium-derived hyperpolar-
izing factor, ET-1, endothelin-1; Treg, regulatory T cell.

Table 1 Physiological circulatory function and diseases in the menstrual cycle.

Menstrual

phase

Follicular phase Luteal phase

Physiological circulatory function

HR |

Diastolic blood pressure |

Systolic blood pressure |
Diastolic blood pressure

HR |

RPP 1

Schneider Index *t

FMD * FMD *
QT t QT |

Early depolarization 1

Disease

Idiopathic ventricular tachycardia *

Supraventricular tachycardia 1

Vasospastic angina 1
Effort angina pectoris t
Acute coronary syndrome (ACS) 1

Menstrual asthma 1

Vasospastic angina }
Effort angina pectoris }

Catamenial pneumothorax 1

RPP, rate-pressure product; FMD, flow-mediated dilatation.

2R PR tR O AEAT L 72 B AR AE AL % 22 < HE i & 72
B T A+ a4y v @ ERo AR 7 BLEI R LR
MRERB Z /W 5L 7 FIVICEHIE ST B
BEVED R E N7z & 512, LT ERP EIETFEH
ASEME R DMIGF ) A 7 LS 5 & DGR,
B TIE ERo BIETZRDDME A XY M) A2
LA Z RO, 1B~ A+ T VA — Vst R 7
v MAYHRAE TR ICAR) (EASTER trial) & #id &
N7z, ERB & ERo 243 % ¥ 7" F VST LTl
M5 BERE % BT LT 2 R D & 2 ASEEl L e
ENTwiw,

PRS2 L= X M a sy L)V EH
WIKTL, B2ETHEOMP LNV L) RRTF
35, BB IOHRBROLEONKEZ A ba s
VIFREEEREAVEYTHL T R T VK
2 A 7 1 ¥ (dehydroepiandrosterone : DHEA) X )
TRy —EBIZEX)ERINAR SIS (Figure
3). Bk b DHEA (ZREFRWILIRE, Miks & & & 120K
4§ % aging marker T 1), NO Z 4 L CTHLBIIRAE
ILER A R T A LEZOLNTVEY. ZDLIHIZ
B SHNREET X by o ANGIE REEH %+
DEEZLND.
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Figure 2 Incidence of cardiovascular disease and estrogen levels. Modified from refer-
ence 13).
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Figure 3 Pathways of steroid hormones.
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RAOER
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2%, IMAF OEYERIETH 5 BIIRIEILIZR LT b Pk
VEVIZELSHEE LTWwD, BRI &R I
CD4"helper T cell (Th) @9 bRIEWEY A b A A >~
% JEA 9 % IFNy Thl % IL17 Th17 1341 5 i 12
CD4"CD25 " #ll 4% T Ml (Treg) 1 FIHIAICMH < &
ZiZHbNhTwWa? T Zbus ik TNFo, INFy
R EDRIEMEFA Y AL Y, TTFAXRNA Vv, B
55T, eNOS, ET-1, BBIL A + L A 7% E DI RIE %
P55 & & B2, TMIKLO Thl/Th2 NF ¥ A

N
N
aromatase | Testosterone
aromatase
| Estrone(E1) 17B-Estradiol(E2)
Liver — Gonad ——
Estriol(E3)
LB ERIZTIENIALNTVS, KX bay

VIRRET Thl AL, WA buryy/7ur A7
0 ARRETIE Th2 #0233 5. /2, =X bw
U Treg ZHIMEE L2 LMoz, —J5,
DHEA & Thl, Th2 & 1284 5. HCE%EMER
B Clx Thl % Th17 B OB ) 7 < F 3R T
EffE L, Th2 #ALo SLE 3R THIES 27 4
DHEAEIH LM BT B HGET T, EMAL L 7235500
- P-selectin glycoprotein ligand-1 (PSGL-1) Fzi4:o
CD4'T MifaAST A + 5 ¥ % — V/ER % A-3 % Hil i
T AR B 5 & 3538 L™ (Figure 4), KMo
PR LARR I 2 e JE 3 2 BRI L O — D D% &
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Figure 4 Activated PSGL-1"CD4* T cells induced endothelial cell apoptosis in perimeno-

pausal women.
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1) BVREAE B FEE O i B A= 1Y #%

TLENIR O BYIRTEALTEZ AL, 5~10 DLW X
DIRIERRIRE LCTHRE D, 20 i & A 1T 1T Rk PR AE
BT 7 —2 &%y, WAEDNZIIR A ZB)IRAEAL
WEERRDODL LD, AMEEREE (ACS) 3
IEDIHEL R X, EENR 7 T — 7 DA E L
579 — 7wk (plaque rupture) 75— 27 S A
(plaque erosion) AT L7720 EEZ LN TWAD
(Figure 5). NE®E 77— 7 QYR HE W HRHETEBL
Lizpb 7z K& RIFE 27 (lipidcore) &< 1
77— - THIN - i BkZe & o SSREM g 475 R0 i
BHE, MWL R A e 7 R~ —
VAR EDORE D B (Figure 6)*Y. 75— 7 %
R b3 AW T-& LT (5P Rz i o B pe ks
ERAEE | [REEMBO 7 I — 7 WER &G
1L, TR RE D TiHE ] 25 FiF S s™. F#HiR
B @ 2 L 5 B 5 0 B AT 568 Bl IR 6 42 13 60% 127
T — 7 WikE, 0% I2T T =27 DL ATHAHA, HfE
AIZMECBIT A ACS ORHEWERIE T 7 — 27 O
DADE VP MAENEMILO 7 R b= Ak &
MEGEICEELEEZEZONLTY,

2) BIRAEALY A 7 K- & RILPE CHR R o M7

HARNZEIZ S 50 s TR T 555, €OHi#%5
A (45~55 1) OBAEW NS T A Fa sy YA T L,
PRE SRR, ®ILE, BERE, Bz o) 27K

TAHEI LMD T 24 U %, BIIREE(LY R
W ORBEIIBE L TR L TH L0, VAZHTT
& DFIEFROIMAF A X > MIxHT 2 BRIzt
AR D LN TS, JRERERE, §¥12 LDL-2 L
AT 0= VAL 50 AALIETHE LIV LA
Bl b, THIEBEICHEKLC K HDL-2 L A 7
O —VIIE, & Y 70X T4 FIIED I R %
BAOMEG 2K E W, EIEE BRI O LTI
RS, RSN S X 0 & 238
M 2O TEEPLETH L. T2, DGETIILE A
10 mmHg L5392 & Btk omERR - ECofE
BREEIE, BYETIE 15% ¥4 2 3 ZETIEH 52T
v, BRI, WPREREREE OB RE A & KR kO
ROV A7 THBAS, ZHETIEZE DB E
V. BERIEO D B LTI, BRI EFSREIC AT
B fEBREE X BVED 2 B, BEIRIED Kk 4
fBchsb. 512, LHIEBIREBIEO A LR
FEIZBEED 15 5 TH Y. FERFEDH B LKD)
27 # @D TWBRKNO—D2IZ, BERFO LIS
PICHART T REREZTTEST, 3y ta—
VAT TH LD D 5.

HARANOW B FEE D ZED ) 2 7 W%, Bk
TIEREIME - BYE - BERIBONATH A%, ZPETIE
B - BEPRIE - WIUEDNETH D™, P TIEEIR
WEOWERENIERICEETH 27, Lo Rk 05
BOLTEIZS0 R TEIBEED 1/3THEH, 5
NI ) A 7 oMk, BRI CEEOFE TR
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Figure 6 Characteristics of unstable plaque. Stable plaque has a thick fibrous cap, less
lipid core, less inflamed cells and no thrombus. Whereas, unstable plaque contains a large
lipid core with hemorrhage, neoangiogenesis, apoptosis of smooth muscle cells and endothe-
lial cells, and many inflamed cells. A thin fibrous cap overlies the lipid core.

CHEECHRIEYT 5 & PRIIARTH L. 72, Bk
TIROHBEL LTRIET 52 LD SV DITHL,
L TIRIRI A RE IR 2 EFR & 5 A0 EE LT
HET B 2 ENE L, RBIEDP L X - R E TORR
PEBIES 22 L DBRELMETH 5.

3) A O

BRI BIIRAEALIC X B R4 A D 70 {, IS
£ Badia R LRI T ST E5A-23E U 2 b M i M 4 O
jit (coronary spastic angina) O#HEE X, B
%\, ENO 1525 BlOE#EHEH7EEDOL VA b
YR TIEIBYE 77%, &M 23% Th o7z, TS

-
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Figure 7 Event-free survival from cardiovascular (CV) events by coronary artery disease
(CAD) and persistent chest pain (PChP). CV events were defined as CV death, myocardial
infarction, congestive heart failure, or stroke. Modified from reference 40.

WCBYEDRHE DS D E B BB L TWwD. T2,
LTI 75% VL OSEBISRZE 0 A 70 < Tl
FERABRTIE, BRI D D O FE ALOREEISL W
DL TH 5. PRIV LIE D 76
YEDSARFIINONRETET R F a7 v LNy & %
WCBIFR L, BRI S HRce g cime, o
AT Cd 35622 idaid L2280 TH
5%, WHEOREHEPEICZ A M a sy v BEH O
BTGB AERTH LAV ME SN TWDEY.

4) /N MAE P AE

WUMIEERSLE (microvascular angina) (&, B
Hol:5 Ttk RRICHRR) ICZWERETHS. &
BRI A B2 DS 5 T2 <, 100 um LT O
M BT 2 P TLERLILIRSA I Kk 2 48—
R MAEPEIRIZAE ) SR BIRAEZ 5 2 L2 X DAL
BEEZLNTBYOY, WIS EICEHT 5
e HDH. FIEFRE 30 RFED 5 60 111,
FHIZ 40~50 LD AR T2 D LM Z v JERIE —
1 Z2 R DREREAR VTN R, Zeiilig R0 FR BRI 7 35 65,
05 EEBIET 52D H ) KO L WIER D
. fUNIE DS X D A ERTRISE Y, H kg
FEIR, H DA, HHEW, BREITWEEOZR
RIEREZ RS A, 2, ERIIHHA LA, B
PRI, BRERERE, SIMERE A¥K) vy 72U F
O— A, B ETHEIND. BT BB
HE T 4 IS YEF LR (reactive hyperemia in-
dex : RHI) »f&F, PET (positron emission tomogra-
phy) {2 & 2T PRI T, LA 7 — 7 Vi
\ZBT BT PR T X — ¥ ¥ Z iR O
IR OFRIEO S ENTH L. BAEOEZ A

(&, WL L7263 %R <, BROEEDRFRIZE T D % il
FEHI R FEVERE D = b 1 X Y D ARIHIZ 50% LLT T,
INF T ELDBERT UL AR
LNLEWHAI, A¥F % ACE HEHIS NO #
HERBMSEREER], AR v ZIEBER R LT
G ED - A, WK & A RE, o
MR = I BEHTH L. FRIZEIRWALTE D5
Is iE & 3 W, The Women's Ischemia Syndrome
Evaluation Study (WISE Study) (Z=> b —&Hh
72 673 IO V39 52 EOME TIX, A EIRAED %<
R D 2 W BB T O ZE R AT 1272 B 2
L3S, OB L EEEE TR0 MmE
AN M FERERAD 2 FiRd 0, IEERVW WG
VETH D (Figure 7).
5. BEk{tt=ORES
sxzxMasr
A0 E R LERIL 65 % Lo EkEOE G TR
3%, 2012 4F HADO @ik b3 24.1% (B 1 21.2%,
L 269%) Tdh o 7z [FEnfh &) X & E 14%
ke WHO THESNTED, HAZ [HEt
] vz s BEELESITHECERIZED %
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SEEERIZBEE L D S, DRSO IR B E R
K%, BRI GRS, ZEE&SImE, R
W, AL V. LA LT G RE DS EF
(ejection fraction) =50% & 7= THB Y ILIEAS
ME R FREETH 5 HFpEF (heart failure with pre-
served ejection fraction) 23% £, PiRIFRWw. Wik
WAENLK, EF<40% OLEZEIGHERIKT 223 5
HFrEF (heart failure with reduced ejection frac-
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Figure 8 The common risk factors in vascular bone disease.
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