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INTRODUCTION

The asocidion between atheroglerogsand cardiovascular
hedth haslong been a source of invedigaion. Asealy as
1933, an asociaion between digtary changes and femde
serum cholegerol levels was reported. In 1958, during a
conference on *‘Hormonesand Atherocleross’” ressarch-
ersconcludedthat cholegerol depostionwasdirectly linked
to blood cholegerol levels dthough other factors incuding
gender, hormones diet, lipidlevels and 4ress weredeemed
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important aswdll. In paticular, it wasreported tha ethinyl
edradiol reduced plaamalipid levelsin agroup of men with
previousmyocardid infarction (M1), dthough therewasno
dgnificant reduction in morbidity or mortdity from coron-
ay eventsascompared to the control group.?

Despit yeas of researchhowever the relationships
betwea cholestergl atherosclerasiard cardiovascular
rik (CVR) reman controversiaf.2 The populariy of
statirs and other cholesterol-lowerig medicatios is a
testamettto the notion that elevatd cholesterbislinked
to heat diseas€erhe red connection however islikely
not o straightforwardHalf of individuak who hawe a
heat atta& do not hawe high cholesterblevelsard some
of the cardioprotectig effecs of statirs seen to be
mediate viaareductio in arteri&inflammatio*°and
effecson vitamin D rathe than through asimpk lower-
ing of cholesterot**?Furthermorethere isnot enough
informatian regardig the long-tem impad of pharma-
cologt treatmem of cholesterblevels It is known that
statirs inhibit cerebrhcholesterbsynthes by blocking
the growth of new nene cel synapsethismay account
for sone of their reportal advers effecssut asamnesia,
confusion disorientationard dementia:'* Statirs also
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inhibit the productio of other vital biochemicalsotebly
the potentialy cardioprotective co-enzyme Q10.*°

Becausthe connectim betwea hypercholesterole-
mia ard CVD isnot a straightforwat one researchers
hawe bea activey investigatig other potentiad contribu-
tors The role of sex hormonesin cardiovasculadisease
(CVD) isan emergim field of interest A small serie of
men with deficient estroga actian (due to mutatiorsin
the genesfor estroga recepto [ER] or aromatagealevel-
opd early-onse atherosclerosiincrease viscerh adi-
po® tissue hyperinsulinemiaard the constellatin of
risk factos known as metabolt syndrome Thes same
abnormalitishawe al® bee reporta in men with suffi-
ciert estroga actian but low testosterom(T) levels'® It
has been postulatd that the describd alteratios in sex
hormore alteratios may caus the® cardiovascular
abnormalitis and that, ultimately atheroscleratiCVD
may be an endocrinologidadisorder:®

In the las decadenewe hormonesincluding leptin,
adiponectinard vitamin D, hawe al® beea linked to dif-
ferent phase of vascula dysfunction:’*° Despie 50
yeasof researcthowever there isno unifying theory for
the pathophysiolog of CVD, which might allow for
developmenof effective therapiswith fewe sick effects
than thos currently availableWe preseh a reviewv of
recen evidene regardilg influencirg factors with a
focuson gender-specifiinfluencetha may be involved
in the genesiof CVD.

THCARDIOVASGENREGAP

Epidemiologicd, clinicd, and experimentd datahave pro-
vided evidence tha there are gender-ecific varidionsin
CVR. From abroad pergpective, many medicd comorbid-
ities including endocrine disordersauch ashypothyroidism
and diabetes and psychiaric disorders such as depresson,
manifed a gender predilection and are asocigted with
increased CVR.%° For example, women are more likely
than men to experience an episode of depression and to
be subsequently diagnosed with the metabolic syndrome 2
The prevdence of aubdlinicd hypothyroidiam increases
with age and ishigher in women, and severd gudieshave
uggeded an asociation between thyroid dissese and cor-
onary artery disease.?? Findly, women with digbetes are
lesslikely to be well-controlled (as manifesed by glycosy-
lated hemoglobin [HbALC] levels less than 7%) and are
more likely to develop and die from CVD.%3

Apat from the® ard other comorbiditiesthe meno-
pausbkperiad in itsef appeasto be atime of transitia to
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increase CVR.?* The inciden@ of nondiabeti CVD is
lower in premenopausavomen than in age-matched
men?° Ovarian hormore insufficieny & the time of the
menopaus is associate with increase cardiovascular
events Thus CVD developson averagelO yeas later
in women compare to men?® Thes observatioshave
led to the developmenof the hypothes tha estrogens
proted¢ women againsatheroscleraticomplications.

At the cellula ard biochemichlevel| gende differ-
encein the regulatim of physiologicamechanismare
directy influencel by genetc polymorphisms Some
studies hawe linked CVD with variatiors in the nuclear
hormore family of ER genesincluding ER-a gene
(ESR) ard ER-b gere (ESR2)?’ The® receptors
function as ligand-dependdntranscriptio factos and
predominag in vasculaendothelibard smooh muscle
cells®® Estroge receptora gere polymorphisrs may
influene responsto peripherdestradiband indirectly,
the prevalene of differet menopause-relatecondi-
tions2° Postmenopauisavomen who cary a particular
ESRL varian (haplotye 1, ¢.454-39 T allek and
c.454-38 A allelg are a increase risk of Ml and
ischemi heat diseas (IHD), independetn of known
CVR factors®® This associatio has not been observed
in men3?

Estroge receptorb gere expressio predominatsin
human vasculasmooh musce cels (VSMCs)*? In rat
models expressio of ESR2 was induceal afta vascular
injury and itsexpressioisassociatewith increase cor-
onal artey plaqwe surfae area in both women and
men3334Sone ESR2 polymorphisrsare associatbwith
gender-spectiincrease risk of CVD (particulagt MI).
For example women with a particula variart allele
(RS127152had significant} increase risk of CVD and
MI, while men with a differet rare variant
(RS125604pwere a reducel risk Other variantshow-
eve (sud as RS127152) confe increase risk of Ml
upon men only3® In postmenopausavomen a near-
significah associatio was found betwea sorme ESR2
haplotype ard obesity—arelatel CVD condition°

Selectie stimulatim of a secod type of ER, the
intracellula G protein-couplel ER (GPER) decreases
rat blood presswg ard dilates human arterid blood ves-
sels$’ In GPER knockout mice this effec is abolished
ard viscerbobesiy isobservedFemat GPER knockout
mice had impairal glucoe tolerane (hyperglycemia),
reducel body growth, increase blood pressureand
reducel insulin-like growth facta blood levels®®

In women endogenos femaé se& hormones,
especiall estrogensare cardioprotectig via multiple
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mechanismsncrease high-densiy lipoproten (HDL),
decreasklow-densiy lipoproten (LDL), ard releas of
vasodilatar sut as nitric oxide (NO) ard prostacyclin
(PGL) from vessewalls which resuls in inhibition of
vasculaconstrictin ard lowering of blood pressiwe as
wel as decreask platelé aggregatiori® In a stud/ in
which men ard women underwen 24-hou ambulatory
blood presswe monitoring men had highe blood pres-
sue than their age-matched premenopausafemale
counterpartsHowever, afte menopauseblood pressure
increase in women to levek even highea than those
observd in men?° In addition during the menopausal
transition there is an increas in the prevalene of the
metabolt syndromeelevatd body weight, dyslipidemia,
hyperinsulinemiaard hypertensiod**Hormone ther-
apy (HT), in mog casesdoes not significanyt reduce
blood presswe in postmenopauksavomen suggesting
tha estroga deficieng may not be the only component
involved in postmenopaushypertensiort?

The lower prevalene of CVD in premenopausal
women in compariso to age-matche men has been
explaind by differencein body fa distribution plasma
lipoproten levels ard indices of plasna glucose-insulin
homeostasf§:**Women generail hawe ahighe plasma
HDL levekard lower plasrainsulin apolipoprotan B,
ard triglycerice (TG) levek (which hawe bea associated
with abdomink viscerh adipos tissue)> Additionally,
estroga seersto contribuke to glucog homeostasiia
increase glucoe transparinto the cell, ard studieshave
suggestka positive effe¢ of hormore replacemetrther-
apy on HbA1C levekin postmenopauseomen?®

SKHORMONRLIPOPROTEINS

Although the mechanis by which exogenos estrogen
may prevert CVD ismog likely multifactorial during the
las decadedncrease emphasihas been given to estro-
genseffed on the lipid profile ard the procesby which
alteratiosin the lipid profile lead to CVD. High serum
lipid levek (especiall LDL) contribuie to atherosclero-
sis?”*8 This proces seersto be initiated a the leve of
theintimaviamacrophaguptale of oxidativey modified
LDL, which resuls in releas of the proinflammatory
cytokine tumor necross factor a (TNF-a) from
monocyte ard macrophage®. Oxidized LDL induces
apoptos in cultured endothelid cels ard promotes
inflammatia viaenhancemarof in vitro endotheliacell
monocye adhesior?’ In vitro preparationsl 7b estradiol
a high locd concentratiorinhibits LDL oxidatian and
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reduce cholesterbeste formatiorr®>2 T doesnot have
the sane effect>?

However, estrogers LDL-lowering effed¢ accounts
only for 25% of the observd reduction in CVR.>3
A high fractim (66%) of women included in the
Framinghen Cohort, who had incidert coronay heart
diseasedid not hawe eitha hypercholesteroleimior
elevatd serum LDL. The women did, however have
elevatd TG levebard low HDL levels2® The combina-
tion of elevatd LDL ard elevatd TG levek predics a
heightend risk of CVD, beyord the prediction obtained
by elevatd LDL alone>® Hypertriglyceridend also
decreasehigh-densy lipoproten cholesterb(HDL-C)
while increasig insulin resistangeglucog intolerance,
hypertensionard prothrombott stats with the overall
effec of further increasig CVR. >* Therewasal® atrend
for men to hawe highe LDL concentratioathan women
ard for women to hawe highe HD L concentratioathan
men>* This differene in HDL partick siz decreased
with age with a concomitan increae in CVR.>* An
addition& CVD risk facta iselevatd apolipoprotei (a)
levebtha tend to increas afte menopause®

Gende differencein endogenosse hormonesand
lipoprotein subfractioawere confirmed vianuclea mag-
netic resonane (NMR ) spectroscopy? When VLDL,
LDL, ard HD L partick siz ard numbeswere measured
in men ard non-HT-using postmenopauksavomen
includad in the Multi-Ethnic Stud; of Atherosclerosis
(MESA) baselier examinationa more atheroger lipo-
proten partick profile was associatkwith highe endo-
genows estradib ard lower s hormore binding
globulin (SHBG levels:’

The Women's Healh Initiative (WHI) investigated
the role of conjugatd equire estroga (CEE) alore or
in combinatim with progestinin decreasipcardiovas-
cula evensin women®® While the trialswere discontin-
ued eary due to an increase risk of CHD ard stroke>®
the trialsare limited by the choice of an olde population
(with amean age of 63 yeas a the time of initiation of
HRT: hormore replacemen therayy (or hormone
therapy)f° Subsequensubgrop analyse suggesthat
women who initiate HT in the eary postmenopausal
periad hawe lower CVR than thog who initiate HT
more than 20 yeas afte menopaus€! In addition an
analysiof the WH1 trial hasfound tha younge postme-
nopausavomen treate with the estrogen-onl regimen
had significantl les coronay artey calcificatio than
their counterpag taking placebd® Thee data
suggestha estroge may decelerat the eary stags of
atherosclerosisVomen in the eary postmenopausal
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yeas underg fewe thrombotic modificatiors to the
vasculat@ during HT, becaus the endothelium is
healthie ard more resistanto thrombosi$€3°° Disap-
pointingly, late initiation of HT hasnot been associated
with cardiovasculabenefits®°° Furthermore when
ET hasbeen usal in men (eg asan adjuvam component
for prostag cance chemotherapy)t hasbee associated
with serios advers vascula effecs ard increased
cardiovascular-relatedeath€® The appropria route
of administratin is al® controversial Some of the
advers effecs of estroga ar relatel to the “first-pass
effect’ throuch the portd circulation an effe¢ tha can
be avoidel by transdermaestroga administrationthus
avoidirg hepatt enzyneinduction®” Additionally, there
are daato suggagha transdermaestroga may be more
effectie a lowering blood pressur8’ However, the
hepatt effecsof ord estrogegare al® responsilaifor the
improve lipoproten levek sea afte initiation of HT.
The Kronos Early Estroga Preventim Stud/ (KEEPS)
trial will addresmary of theg issusin younger recently
postmenopausaomen comparirg transdermaard oral
estroga in ablendel trial

ESTROSHNEINTHVASIZDURE

Egrogen-induced lipoprotein profile changes partly
explainsegrogen’scardioprotective effect in premenopau-
s women.®® In addition, esrogen and its receptors are
involved in multiple other biochemicd pahways
including gimuldion of angiogeneds endothelid NO
production, and regulation of cytokinesand inflanmatory
markerstha may help to explan their antiatherosclerotic
effects "> "2 Seroid receptors—and ecidly ER s—interact
with awide range of coregulatory factorsthat may change
depending on endothelid age and dteration. Thisphyso-
logicd cross tdk and hiologicd equilibrium may be
aoruptly interrupted by edrogen deprivaion and can ulti-
mately increase an individud'srik of CVD."”*7®
Estrogesexet dired effecs on arterid wal smooth
musoé to caus vasodilatior.” 878 strogemproduce
rapd vasodilator effecs by increasig endothelitinitric
oxide synthas (eNOS) activity, an effed¢ tha does not
require changsin gere expressiofi’ In the long term,
estrogers effecs on vasodilatatio are mediateda least
partly, by changsin expressio of the estrogen-specific
receptos ESRL ard ESR2 Estroge mediats arterial
vasodilatatio ard blood flow throuch this pathwag via
stimulation of endothelia PG, synthesiard inhibition
of endothelinl (ET-1), a substare tha has a
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vasoconstrictaveffe¢ on arterid subendothellasmooth
musce cells®*8 Also notably in vitro studieusirg por-
cine coronay arteriescontractd with athromboxame A,
(TXA>) analoge showel dired relaxation after addition
of increasig concentratiosof estradibard estroné®

Surgicall inducedl menopaus caussan increas in
peripheré vascula resistare ard blood pressureThe
observatio tha blood pressug often returrsto baseline
afta initiation of HT suggestha ovaria (ard primarily
estrogenic insufficieng accelerate developmeh of
hypertensioff® The effe¢ of exogenos estroga on
blood pressiug may depem on the type route, ard dose
of estroga administered n normotensie postmenopau-
sd women transdermaestradib decreasesympathetic
nene dischargwithout augmentig arteridbaroreflexes,
causig a smdl but significah decreas in ambulatory
blood pressur&*®® Sympathed inhibition is evident
only with chronic rathe than acuk estroga administra-
tion, implying agenome mechanis of action®°-88

Estradib al® acutey modulats vasculaactivity of
vasoconstrictesud asangiotensi or serotoninregulat-
ing venous endothelin recepto expressio ard stimulat-
ing vasoconstricto prostanoids In nonatherosclerotic
human coronay arteries estradib induces rapid
endothelium-independénvasodilatatio ard enhances
bradykinh endothelium-dependénrelaxatiorf®° As
will be further discussedil the dat point out to the
fad tha nongenomi estradib pathwag are relevam to
normd vasodilation.

ANDRGEHTHCARDIOVASSXSTEM

Links betwe@ androgesand the cardiovasculasystem,
in both men and women reman controversial®®?
Testosteroalevekfal asmen grow older, with asteeper
declirein free T compare with totd T concentrations®
In healtly women totd ard free T levelsaswell aslevels
of dehydroepiandrosteresulfa¢ (DHEAS) ard andros-
tenedione decreas with age The steepdsdeclire in
androge levekoccussin the eary reproductie years”
Itisgenerall acceptd tha androge levekdo not change
significant} in the perimenopausgaeriod althoudy some
researcherhawe challengd this assertionreporting a
declire in T, androstenedioneard SHBG during the
menopausdransition®>

Experimenth evidene suggest tha androgen
deficieng contributes to the onsé ard progressio of
CVD in men®% Androgen deficieny is associated
with endothelid dysfunction advers lipid profiles,
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inflammatoy responsesalterel smooh muscle and
hypertensionLower T levek hawe bea associatewith

poar cognitive function sexuhl dysfunction metabolic
syndromeard type 2 diabete§? The® las 2 conditions
areassociatbwith CVD. In olde men lower totd T lev-

els predi¢ increase incidene@ of strole ard transient
ischemt attacls even afte adjustig for conventional
CVD rik factors ard observatiorlastudies shav that
blood T concentratioa are lower amorg men with

CVD, suggestip a possit# preventie role for T

therapy®®

Androgen treatmemnmay prevet or ameliorat these
age-relate declinesin T.96 Short-tem effecs of various
T doseson vasculafunction hawe been studiel in isolated
porcine contractd coronay artel strips Testosterone
produces vasorelaxatio of the contractd systen in an
endothelium-independén manne ard without the
participation of androge receptos (ARs) Interestingly,
T recepto antagonistflutamide ard cyproteror acetate
did not interfee with the observd responseagan sug-
gestiy tha the respons is independen of ARs®’
Indeed T supplementatiorestorsarteridvasoreactivity,
reducelevekof proinflammatoy cytokines cholesterol,
ard TG, ard improves overal endotheli& function,
althoudn it may al® redu@HD L levels’® Human arteries
ard veins (in both malesard femalescan locally convert
T to estradib ard provide importart atheroprotective
effecs viathe mechanismdescribd above™ It islikely,
then tha estradiob protective vascula effecs (either
directly due to presene of estroga or indirectly due to
peripherbconversia of androgensare not restricte to
females.

In young women levek of androgesard estrogens
can influene vasculaphysiologyPolycyst ovaria syn-
drome (PCOS ard hyperandrogenis are amorg the
mog comma endocrire disordes in reproductive-age
women Insuln ard androges hawe comple relation-
ships a significah numbe of hyperandrogeniyoung
women haw insulh resistareand converselywomen
with diabetsare a greate risk of developilg PCOS°
From a cardiovascutastandpoint PCOS hyperandro-
genismard obesiy are al associatewith amore athero-
gent lipid profile1°° At the time of menopausavomen
with PCOS haw both increaseé androge production
ard increase risk of developig metabolke syndrome
compare to their healtty counterpart$®*

Despit the previousy describd studies suggestima
link betwee& hypoandrogenerai ard CVD, some
researchseihawe suggestetha developmehof CVD in
perimenopausaard postmenopausawith PCOS is
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relatel to protractel hyperandrogenisi?? Thisassertion
isobviousy confounde by the multiple other CVR fac-
torspresehin women with PCOS In acohot from the
WISE study atotd of 104 postmenopaukaomen with a
history of premenopausRCOShad morefrequen CVD
risk factos than women without clinicd featurs of the
syndrome including diabetes obesity metabolt syn-
drome angiograplt coronay diseaserd cardiovascular
events-°? Young women with PCOS may benefi from
traditiona method of reducig CVD sut as calorie
restriction weight loss ard contrd of blood sugar,
pharmacologi method sut as use of sibutramie (an
appetie suppressantpr improved contrd of hyperan-
drogenism However, it remairs to be determined
whethe the® therapeuti measuremay redue CVR
late during postmenopaukgeas ard whetha hyperan-
drogenim in itsef isacaus of CVD in PCOSwomen.

While overal levek of androgeamay reman stable
in the perimenopausgeriod the fal in estroga levels
leads to a decreasin the estradioll ratio. This shift
seersto be more pronounce in women with increased
waig circumferene (a surrogat marke of abdominal
obesity) This gradulincreas in androgerd statis may
al® be implicatel in the developmenof insuln resis-
tance ard a more atherogeru lipoproten profile, with
subsequédrincreasin CVR afte the menopauddransi-
tion.'® In nondiabetic postmenopausavomen who
were not usirg HT, thoe with CVD displayd lower
SHBG levebard free androge index (FAI) ard HbAlc
valuesascompare to controls Glycosylaté hemoglobin
values were inverse}l associatewith SHBG, ard posi-
tively associatewith FAI, even afte adjustiig for age,
CVD cae contrd statusard body mas index (BMI).
In multivariae models a significah inverg association
between SHBG ard HbAlc persisted as wel as a
significah positive associatio betwee FAl and
HbAlC.103'104'106

As previousf mentioned however othe studies
hawe not detectd age-adjuste overal differencs in
androge levekin postmenopauaomen®’In aSwed-
ish cohott of perimenopausavomen thos with CVD
(especiaflwomen taking HT ) had lower serum androgen
levebascompare to matche controls even when con-
trolled for lipids ard other potentid risk factors:®® In
addition in women there is an inverg relationship
between DHEAS, androstenedionerd androge con-
centratiosard carotd wal thicknes aswell asbetween
T ard SHBG concentratios ard carotd atherosclero-
sist?®11%Endogenosse hormore levekhavwe al® been
studiel in postmenopaulsavomen undergoirg carotid
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artey endarterectomyin severbstudiesan association
has bea reportal betweea low serum androge levels
ard sevee internd carotd artey atherosclerosisuggest-
ing tha highea physiologichlevek hawe an atherogenic
protectie role

Dehydroepiandrosterer{DHEA), in particulay has
effecs on endotheli proliferation ard angiogenesis?
A specift plasra membrae DHEA recepto has been
demonstrain endotheliticells ard DHEA ismetabo-
lized intracellulagl to othe biologicaly active steroids,
including estradib(which al® inducesvasculaendothe-
lial proliferation):'? However, T, anothe DHEA meta-
bolite, doesnot increas vasculaproliferation**31n vitro
studies indicak tha DHEA affecs vessalby increasing
endothelih NO production In an acue (ard likely
non-genomig fashion DHEA al® increasginsulin sen-
sitivity.1** Thes observatiosmay hep explah DHEA’s
cardioprotectig effects Interestingly endotheli& cells
treatel with DHEA al® increas ET-1 secretia by 2-
fold, suggestiyp tha DHEA has both vasodilatgr and
vasoconstrictaveffecs on the vasculaturé!*

ENDOTHEUNCNAW THREGYINOF
VASOMOTINE

Theendotheliun participatsin the contrd of hemodads,
blood coagulation and fibrinolyds platelet and leukocyte
interactions with the vesdl wdl and the reguldion of
vagcular tone and blood pressure 1*° Endothélid cdllspro-
duce many compounds amed a controlling functions of
VM Csand circulating blood cdlls In the sameindividud,
endothelid cellsfrom different locationsin the vascular s/s
tem display marked phenotypic variaion, expresing dif-
ferent antigens receptors and regponses to the same
gimulus™® Regonsesof in vitro cultured endothelid cell
may not corregpond to those found among the same cellsin
vivo.>18 Endothelium produces and isinfluenced by, a
number of vasodilaing and vasocondricting subgancesthat
regulate vasomotor tone. Among these mediatorsae NO,
PGl,, and endothdin. Thee factors ae involved in
angiogeneds but may d< contribute to aherolerotic
plaque development.**® The biologica function of the
endothelium isto maintan the vascular network in optimal
condition for blood flow.**

Thedevelopmenof atherosclerasisrelatedin part,
to vasclar endothelid dydunction. The endothdid cdll
aurface maintains a nonthrombogenic blood-tisue inter-
face due to the presence of antithrombin I11, thrombomo-
dulin, protein C anticoagulant, plasminogen ectivator, and
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PGl,, and NO (which inhibit plaelet activaion) and the
production of clotting factors’ A carefully regulated
equilibrium between pro- and anticoagulant factorsman-
tans norma blood flow and dlows plaelet adherence,

thromboss and thrombolyss*’

Oxidativ e Stress and NO

Nitri ¢ oxide was originally namel endothelium-derived
relaxing factor.*® It isproduced in reponse to variousgi-
muli, indludingfluid shear, 9ress and exposureto neurohu-
mord factors auch as acetylcholine, bradykinin, srotonin,
and subganceP. Nitric oxideisformed from theamino acid
L-aginine by a2-gep oxidation processinvolving conver-
gon of L-aginine to L-citrulline, which is cadyzed by
eNOS Afteritss/nthedsintheendothdid cell, NO diffuses
to the subadjacent VAVICs where it activates guanylyl
cyclage (GC) and leadsto the production of cyclic guano-
dne monophogphae (cGM P). Although short lived, NO is
apotent vasodilator tha contributesto the maintenance of
basd vascular tone and blood flow and thusto the physolo-
gicd regulaion of blood presure.**® It d hasimportant
antiplatelet, antioxidant, antiadhedve, and antiprolifergive
properti eg119.120

Estroges can produe rapd vasodilatatio by
increasig NO synthesiand decreasgET-1 ard angio-
tensn |l production Estroge al® caussvessiaelaxation
viaacetylcholineard serotonin-dependémechanisms,
mediaté by its effecs on PGl, secretia ard calcium
channé inhibition.*?* 17b estradiglbut not 17a estra-
diol, caussrapd endotheliaNO Sactivation Thisacute
vasodilator effe¢ occurs via nongenomi pathways
involving membrane-associdtestroga binding sites
tha are independenof nuclea ERs?? In vitro studies
hawe bee performel to investigat the effecs of proges-
terore ard 17b estradibon eNOSin endothelium intact
aortic rings The rapid stimulatoy actian of progesterone
ard 17b estradibon eNOS(leadirg to productian of NO
ard ultimatey to decreagkplatelé aggregationwasspe-
cific to these 2 hormones neither T nor 17a edradiol was
effective.*? It ssemsthat nongenomic pathwaysareimpor-
tant in maintaining norma vasodilatory mechaniams Tran-
gription of another form of NOS inducibleNOS(INOS),
ispodtively regulated by ESR 2 and negatively regulated by
ESR 1, suggeding that both receptors are involved in the
genomic regulation of vadilaory mechanigns in
VIMC.*** ER-b gene knockout mice—deficient in the
ER b gene—demondrae vascular dysunction and hyper-
tenson asareault of iINOSdysegulaion.'®
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In respons to vasorelaxantsut as acetylcholine,
N O acson underlyirg VSMCsto induce vascularelaxa-
tion. In addition VSMCsthemselveexpreseNOS and
contribuieto vascularelaxation:*® Endotheliacel incu-
bation with oxidized LDL reaultsin trandocation of eNOS
to an internd membrane compartment and renders it
ingengtive to gimulation by acetylcholine.* In addition,
elevaed HDL is asnciged with normdizaion of the
endothelium-dependent relaxation regponse triggered by
acetylcholine (via prevention of eNOS trandocation).*?®
High-densty lipoprotein acts as an aheroprotective sub-
gance viadirect gimulatory effects on various endothelial
kinases that modulate eNOS?*** Oxidized LDL and
HDL thus gopear to have opposng effects on endothelid
cell NO bioavalability.

Vascular Endothelial Growt h Factor

Vascula endotheli growth facta (VEGH is a broad
temm that includes a numbe of proteirs from 2 families
tha resul from alternaé messengeRNA (MRNA)
splicirg of asinge VEGF gene'*! They can be proangio-
gent (proximd splie site expresskduring angiogenesis)
or antiangiogeimi (dista splie site expresskin normal
tissues)The inclusio or exclusio of exors6 ard 7 can
modulae VEGF's ability to bind ard activaé VEGF
signalig receptorg3!133

Vasculaendothelibgrowth facta promotes angio-
genes ard endotheliaicel migration ard proliferation
via its actiors on intracellula mediators* Although
VEGF, &s its nanme implies acs mainy on vascular
endothelihcells it al® affecs other cel types(for exam-
ple monocytes macrophagesneurons ard kidney
epithelidcells) In vitro, VEGF stimulatsendotheliacell
mitogenes and migration It al® enhance vascular
permeability—VEG is 50 000 times more potert than
histamir in this regard—ad modulats endotheliacell
surfae adhesin molecuk expression>® In regiors of
increase angiogenesi&/EGF (alorg with TNF-a and
other inflammatoy cytokine$isproducel by aggregating
macrophages®*3°

The VEGF recepto Flt-1 is expresskin human
monocytes which induces chemotact responses
amorg monocytes%**|n a strah of ApoE-deficient
cholesterol-fé mice a singeé do® recombinah human
(rh) VEGF treatmen significani} increase the number
of potentialy atherogemi macrophage/monocyté§?
Therefore VEGF seersto enhane atheroscleratipla-
gue progressiorHowever, in patienswith ischemg syn-
dromes intra-arterih rh  VEGF administratin also

Reproductive Sciences Vol. 17, No. 6, June 2010 517

markedy increase collaterh vesse development??

Thus VEGF seemsto haw a potentid therapeut role
for coronay ard periphera occlusie vascula disease.
Despit this experimenthatreatmens hawe failed due to
the appearamc of endothelih cel angiomatoid
proliferation ard intima thickenirg upon treatmen with
VEGF!*

Findly, some cardiovascular benefitsof the M editerra
nean diet have been relaed to the moderate consumption
of red wine, and VEGF may play arole here aswell.** In
cultured VSMCs short- and long-term expoaure to red
wine polyphenolic compoundsinhibited VEGF expresion
viainhibition of a gecific protein kinase pahway.**

Prostanoids

Prostanoidsincluding prostaglands(PG$ ard throm-
boxane (TXs), ar synthesizi from arachidord acid
by the combina actin of cyclooxygenaséCOXs) and
PG ard TX synthase¥.’ After their synthesjprostanoids
are immediate} releasg into the extracellula space,
where they intera¢ with prostanal receptos on neigh-
boring cells Prostanoid hawe potent althoudn some-
times opposing biologica effects Prostacyali is a
vasodilato ard platelé aggregatio inhibitor, whereas
TXA , ack as a vasoconstrictoard induce of platelet
aggregation®® A balane betwea the 2 isimportart to
maintan cardiovasculdhealth4”1>°

Prostacydii isthe main produd of COX (the rate-
limiting enzyne in PG biosynthes)sa the vascular
endothelium It is a 20-carbe oxygenatd fatty acid,
derived from arachidorg acid which acsasavasodilator,
platelé aggregatio inhibitor, ard VSMC proliferation
inducer'>**>? pProstacyati acs on smooh muscle
receptos to activaé adenyla cyclas ard inhibit
vasoconstriction>? The PG, pathway asavasodilatory
systemhassorre redundang with the NO systemPGl,
increase endothelia cel NO production ard NO
increasePGl, activity on smooh musce relaxation>*
In this capacityit may function in a compensatgrrole
when othe vasorelaxatiomechanismsare not function-
ing (for examplein eNOS-deficied mice who cannot
produ@ NO). >3 In addition PG}, al® inhibits platelet
aggregatioviainhibition of the platelet-activatigifactor
(PAF) which is synthesizk by activate endothelial
cells*®* Interestingly HDL al® has inhibitory effects
on endotheliacel PAF in vitro, ard HD L particlesmod-
ulae platelé function in vivo.*®®

Thromboxare A, is al® producel by endothelial
celk ard serve as a potert vasoconstrictoard platelet
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activatort>® It is involved in a wide rang of CVDs
including hypertensionMI, cerebrh vasospasnpree-
clampsigard severethrombotic disorders>® In females,
it increasgvasculatone ard blood pressweto compen-
sae for estrogen-sensigvocd vasodilatig mechanisms
ard maintan vascula homeostasis® Prostaglandi H
synthas (PGHS) an enzyne involved in both PG and
TX production is a targe of comma nonsteroidal
anti-inflammatoy drugs(NSAIDs) including aspim and
ibuprofen ard hasbean proposed asapossit# therajy to
preven plaqe formation!>’°8

Edrogen interacts with this s/gem a multiple levels
Progaglandin H synthase-mediaed vasodilataion predomi-
nateswhen edrogensare elevaed, and edradiol trestment in
cadrated rasneutraizes PGH S related vasocongriction.*
This finding could be conddered a new gpproach for
edrogenic trestment with the potentid for further research
in human paticipants

The link betwea vasculatone (as regulate by the
prostanad systerpard HD L isinterestig aswell. Prosta-
noid synthesisinduced by HD L viaseverbamechanisms.
Exposue of endothelidcelsto HDL in vitro stimulates
calcium-sensitevphospholipasA,, an enzyne required
for productin of PGL.'*° High-densiy lipoprotein’s
effe¢ on PGl, synthesi can be blocked by incubation
of endothelia cels with HDL ard calcium chelator*>®
High-densiy lipoproten can al® ad synergistically
with the inflammatoy cytokines TNF-a ard interleukin
(IL)-1b to produe a large increas in COX-2
expression®®

CARDIOVASCULAR FUNCTION AND THE
RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM

Vazular hemogads does not occur only a the level
of the endothelium. Renin-secreting cells @ the level
of the rena glomerulus are sengtive to changes in
blood flow and blood presure. Renin catdyzes the
converson of the angiotensnogen protein into the
decepeptide angiotendn |.  Serum  angiotensn-
converting enzyme (ACE) then converts angiotendn
| into the octapeptide angiotendn |l tha actsvia adre-
nad gland receptors to enhance ddogerone secretion.
Aldogerone then dimulates kidney st and water
resbsorption and arteriolar congriction, caudng an ele-
vation in blood presuure. Enhanced renin angiotensgn
ddogerone sygem (RAAS activation contributes to
the evolution of hypertenson.®*

Paez-Lpez et al

Angiogenesis, Endothelial Function, and
the RAAS

Angiotensn || acsasan atherogerd agentit isinvolved
in blood coagulatio ard the pathogenesiof acute
thrombossviamultiple mechanismst promotesvascular
inflammation, gimulaing human endothelid cedllsto release
the inflammatory chemokine interferon inducible protein
10 (1P-10) and potentialy promoting atherosclerogs %1%
It d0 acts on ecific membrane receptors to ectivate
intrecellular 9gnding pathweays tha converge upon the
transription factor nuclear factor (NF)-kB, reaulting in
expresion of procoagulant tisue factor.*®* Within the
aheroglerotic plague and inflaned vascular endothelium,
monocytes and macrophages may g/nthesze additiond
angiotensn |1, continuing the cycle of coagulation. Angio-
tengn |1 hasd been hown to induce cdlular ssnescence
via a mitogen-activaed protein kinase (MAPK) dgnd
pahway 1%

Interestingly other angiotensi peptice fragments,
sud asangiotensi IV, may counteratthisdevelopment
of endotheliddysfunctionin ApoE / micefed with a
high-fa diet ard displayig endothelid dysfunctio and
impaired vasodilataion, angiotensn IV produced a Sgnif-
icant improvement in endothdlid function, which seems
to be mediaed by increased NO bioavalability.'®
Another anti-aherogenic compound, ACE2, isahomolo-
gueof ACE tha inactivatesthe proatherogenic angiotensn
I and hasbeen proposad asan aheroprotective subgance.
In tu hybridization and immunochemidry gudies ACE2
MRNA isexpresed in early and advanced human carotid
aheroglerotic ledons During aheroxlerods develop-
ment, ACE2 levelswere lower in dable advanced lesons
ascompared to early and ruptured atherosclerotic ones®®’

TheRAASappeasto crostak with circulatirg lipo-
proteins For example sone of the protectiwe effecs of
HDL seen to be mediate by angiotensi |l type 1 recep-
tor (AT1R) downregulationa leas unde diabetc con-
ditions create by streptozotoci injection In vivo,
6 weels aftag apolipoprotai A-1 gere transfer HDL
increas was associatewith a4.7-fold reduction in dia-
betess mellitus—induce aortc AT1R expressio and
improvemen of NO bioavailability In vitro, HDL
reducel the hyperglycemia-induckupregulatia of the
AT1R in human aortic endothelifcells!®® In addition,
in fat-fed LDL receptor-deficien(LDLr ( / )) mice,
the renin inhibitor aliskiren reducasatheroscleratilesion
siz in both the aortc ardh ard the root. When renin-
deficien bore marrav is transplant to irradiated
LDLr( / ) mice a profourd reductio in the siz of
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atherosclerdtilesiorsisobtained Thus renin inhibition
reduce atheroscleratilesion development®®

Estrogen’s Effects on the RAAS

The RAAShasbean implicatel in menopause-associated

hypertension In an estrogen-deficign follitropin-
recepto knockou moug modd (FORKO), angiotensin
lI-induced vasoconstrictiowasenhancegdacetylcholine-
induced vasodilatatiowassuppressedrd blood pressure
was elevated Indices of inflammatian (nitrotyrosine
formation ard superoxieé production ard cardiac
collage contert were al® increase in the FORKO
animalg.’®

The vasodilato response of the aortc ring in
respons to estroga deprivatim haw beea studial in
rats Animak were assigraéto 1 of 3 groups ovariecto-
mized (OVX) non-OVX (shamard OVX plussubcuta-
neows17b estradib(15my/kgper day OVX p estradiol).
Ovariectomizd rats had a significab highe blood
presurethan the other 2 groupsa weeks9 and 13. A sgnif-
icant decreasein N O levelswithincreased renin activity was
observed in OV X rasascompared to sham operaed ones.
Edradiol tresment reversed thes effects®™ Plagma atrid
natriuretic peptide (AN P) levelswered s lower in cadrated
ras and could be redored by edradiol tregtment.
Acetylcholine-dependent  endothelid relaxation was
reduced in the islated thoracic aortic ringsof OVX ani-
mas and edradiol trestment resored thisreponse aswell.
These data upportsthe concluson tha edradiol isprotec-
tive to the endothelium, preventing hypertenson through
modulation of the RAAS "

Interedingly, however, edrogen treatment increases
hepatic renin subdrae production in some Stua
tions*’>1" Hormone thergpy increases angiotensn |l
plaama levels in pogmenopausd hypertendve women
whose blood presureswere well controlled with antihy-
pertensve agents(excluding diuretics ACE inhibitors and
angiotensgin Il receptor antagonigs). Angiotensn |, angio-
tendgn |1, bradykinin, and renin plaandic activity mani-
feged a sgnificant increase ater HT in hypertengve (but
not normotensve) women.*’ However, dthough angio-
tendn |l levels were increased, blood presure was und-
tered. Serum ACE was dgnificantly decressed in both
groups (dthough ddoderone levelswere unchanged), and
bradykinin levels were increased (possbly to maintan
homeodass in the stting of elevated angiotensin 11).2™
The overdl effect of decreased ACE serum activity with
increased levels of bradykinin induced by HT may have
a cadioprotective effect. In pahologicd gaes auch as
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hypertenson and congedive cardiac falure, and despite its
upregulaory effects on angiotengn |1, etrogen may ulti-
mately protect high-risk populaionsagaing the potentidly
deleteriouseffectsof angiotendn |12 Hypertendon isnot
conddered a contraindication to esrogen treatment.*”

In women with prematue ovarian failure 24-hour
systolt ard diastole blood pressurewere studiel under
differen HT regimens In an open-labé randomized
crossovetrial, women with prematue ovarian failure
were treatel with transdermaestradib ard vaginal
progesteromor ord standat ethinyl estradibard nor-
ethisteroe acetat therapy for 12 months Both regimens
producel the sane hormona respons ard clinical
symptan relief Combinal treatmen with transdermal
estradib ard vaginh progesterom was associatk with
lower systoli ard diastol blood pressurethan the
standat ord regimen & 12 months In addition the
parenteral/vaginacombination produca a significant
reduction in plasna angiotensi Il ard serun creatinine
without alterirg aldosteroa levels:">17®

In a separa&t study transdermaHT (estradib plus
medroxyprogesteren acetat or MPA) significantly
decreaskdiastolt and mean blood presswgard bradyki-
nin levek in a group of normotensie postmenopausal
women ascompard to ord combination HT (continu-
ousord CEEspluscyclic ord MPA). There were no sig-
nificart changein plasna renin ard ACE activity and
angiotensi | or angiotensi |l levels In the growp of
women taking ord HT, afte 1 year blood pressure
remainé unchangedrenin activity, ard angiotensi |,
angiotensi Il, ard bradykinn levek were significantly
increasedard ACE activity significangt decreasetf®
Prope randomizd trials are needd to determine
whethe transdermlaHT may be preferal@ to oral
administratin of HT with respetto blood presswerand
angiotensi Il levels.

Aldosteronisy is a well-recognizd caus of
hypertensin ard al® plays a maja role in progression
ard outcomre of IHD. *’” Aldosteroe isregulate by the
pituitary-adreniaaxis ard the RAAS ard itsef regulates
extracellulafluid contert ard electrolye balanceSome
new progestinssud as drospirenonemay al® hawe a
benefi on perimenopausavomen with mild hyperten-
sin secondarto hyperaldosteronisfi®

VIAMNDARCVR

Vitamin D isa hormore involved in regulatig calcium
ard phosphors levek tha has importart autocrire and
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paracrie roles It is involved in the maintenane of
normd cardiovasculgunction’® The American Heart
Associatio recommend tha healtly individuak obtain
adequa amouns of vitamin D by consumilg a variety
of foods in moderation Sud sourcs include milk, sal-
mon, mackerelsardinescod liver oil, ard sone fortified
cereal$®® A smadl do® of sunligh may al® increase
endogenous vitamin D levels without dgnificant in
risks ™ Vitamin or minerd supplementsarenot asubditute
for abdanced, nutritiousdiet tha limitsexcessve cdories
stturated fat, transfat, sodium, and dietary cholesterol.
Epidemiological clinical] ard experimenth data

suggdstha low serum vitamin D levek ar associated

with negatie cardiovasculautcomesincluding hyper-
tension obesity diabetemellitus ard the metabol¢ syn-
drome!®1182 |nterestingly the pleiotropt effecs of
statirsinclude astimulatoy effed¢ on the vitamin D endo-
crine systent? Vitamin D receptos(VDRs) hawe awide
tisse distribution tha includes VSMCs endothelium,
ard cardiomyocyte$’®

T he active form of vitamin D, 1,25-dihydroxyvitamin
D (1,25(0H),p), increasesVEGF expresion (viaavitamin
D regonse dement in the VEGF promoter) and release in
aortic VMICs an effect which, in vitro, is mediated by
p38 MAPK activation.'® In vitro sudiesds sugged tha
vitamin D auppreses proinflammatory cytokines and
increases anti-inflammatory cytokines In paients with
congedive heart falure (CHF), vitamin D supplementa
tion increeed IL-10 (en anti-inflammatory cytokine)
levelsafter 9 months while the proinflanmatory cytokine
TNF-a remaned condant. However, survivd did not
differ dgnificantly between the individuas who received
vitamin D as compared to acontrol group.’®*

A cross-sectiohatud/ performeal in 257 individuals
assesdehe relationshipbetwea serum 25(OH) D and
CVD markes (including HDL levek ard prevalene of
themetabolt syndrome)Total vitamn D intake includ-

ing dietay supplemenintake was directly associated

with increasg serum vitamin D ard HDL- C levels for
ead 10 ng/mL serun vitamin D increasgethere was a
4.2 mg/dL increasin HDL. Prevalene of the metabolic
syndrone decreasksignificantl asserum vitamin D lev-
elsincreased® Converselylow levekof vitamin D also

appeato put an individud a risk of CVD. In an analysis

of 173 individuak included in the Framinghen Heart
Sudy, those with vitamin D blood levelsbelow 15 ng/ mL
had twice the rik of a cardiovasculaeven sud as a
heat attack heat failure or strole in the next 5.4 years
ascompard to individuabwith highe vitamin D levels.
The rik remainé significah afte adjustmers for

Paez-Lpez et al

traditiond CVR factossud ashigh cholestergldiabetes,
ard high blood pressuré’® Endogenoavitamin D levels
hawal® bee studiel in individuasundergoimy coronary
angiographyDuringamedian follow-up of 7.7 yearsdur-
ing which 22.8% patiensdied patiensin the lower two
25-hydroxyvitamm D (25(OH)D) quartiles displayd a
highe mortality rate (all-caus ard cardiovasculathan
thoeinthehighes25(OH)D serum quartile!®°Low vita-
min D levekal® appeato beassociatewith ahighe risk
of MI in men agel 40 to 75. Men with blood vitamin D
leveb<15ng/mL had ahigher risk of infarction than those
with highe vitamin D levek(>30 ng/mL). Thisrelation-
shp remaine significah even afte adjustmenfor BMI,
alcohd consumptionphysichactivity, history of diabetes
mellitus ard hypertension ethnicity, region omeg 3
intake ard lipoproten levels:®*

Finally, in anothe study individuak were classified
by serum 25(OH)D sex-specifi quartike levels After a
mean follow-up periad of 6.2 years51 participangdied,
including 20 deatls due to cardiovasculecausesAfter
adjustmergfor confoundirg variabls sut as age sex,
tobaco use ard comorbidities low 25(0OH)D levels
were significantl predictive for all-caus (1.97 1.08-
3.58, P ¥ .027) ard cardiovascula(5.3§ 2.02-14.34,
P ¥ .000) mortality?®? However, it remairs unclear
whethe low vitamin D levek ar a caus or a conse-
quene of poor cardiovasculehealth and more studies
are requiral to confirm the relationstp betwee vitamin
D supplementatimard reduce mortality.

THRMAADIPCEFYORMONES

Obesiy is associate with increasg cardiovascular
mortaliy ard morbidity!®® Obee individuak exhibit
vasculaendothelid dysunction, which predictsCVR and
iscentrd to the pathogenessof atherostlerods® Increased
amountsof centrdly digributed adiposetissie are asociaed
with increased inaulin resgtance, type 2 digbetes mellitus
lipid disorders and CVD.*®"'% Adipos tisue can be
thought of not dmply asan energy sorage organ but do
a scretory organ that produces a vaiety of bioactive
aubdances cgpable of influencing the cardiovascular
sytem.'®’ Thereiscondderable evidencelinking adipocyte
hormonesand growth factorswith cardiovascular compli-
caions’® Adiposetissied participatesinimmunologicd
functionsthrough the production of anumber of cytokines
that may be involved in the pathogenedsof atheroxlerods
the mog important of these adipokinesbeing leptin, adipo-
nectin, viddin, TNF-a, VEGF, IL-6, reddin, plaaminogen
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activator inhibitor 1 (PAI-1), and angiotensnogen, sverd
of which will be discused here.*®

Leptin

Leptin is an adipocyte-derivé hormore that isreleased
into the blood in dired proportion to the amourn of adi-
postiss presentlt promotesweigh losby decreasing
food intake ard increasig metabolt rate It is also
involved in glucog metabolismaswell asin normd sex-
ud maturatio and reproduction Leptin gere expression
ard secretio are increase by overfeedinghigh-fa diet,
insulin glucocorticoidsendotoxins and cytokines and
decreaskby fasting T, thyroid hormone ard exposure
to cold 186190

Leptin interacs with the cardiovasculasyste in
multiple ways It may play an importart rolein regulating
vasculatone, asevidencd by the widespreddistribution
of functiond leptin receptos in vasculacells'® There
are al® severbstudisreportirg an independetinterac-
tion betwea high leptin levek ard atherosclerosiMl,
stroke ard coronay artey intima-meda thicknesssug-
gestig that high leptin levekare associatbwith increased
CVR. 191193 Activation of the sympatheti nervots sys-
tem by leptin produce a slov but progressi increase
in mean arteridblood pressurdn rats intravenosleptin
infusicn increase arterid blood presswe ard heart
rate’®* Leptin-inducel increasein arteria blood pres-
sue is probaby mediate by effect on the centra ner-
vous system becaus intracerebro-ventricuta leptin
administratio is equivalen to systend administration
in terms of itsvasculaeffects->

Leptin receptos are al® presehin endothelifcells,
ard leptin treatmenm in rats has been reportal to cause
dose-dependeérincreasein NO levelst®®*7 In vitro
studis haw al® shown tha leptin produces
endothelium-dependémelaxatio of arteridringst98-%°
It has been arguel tha the® vasodilator effecs might
oppog leptin’s neurogent presso action However,
the® resuls are controversialothe researchehawe not
documentd leptin-inducel increase blood flow in vas-
cula beds?® Finally high leptin leveb al® stimulate
superoxie free radic& production which reacs with
NO to creae peroxynitrite a toxic molecuk tha can
interfee with DNA replicatim ard damag vascular
endothelia cells?®* Thus increase leptin levek can
caus long-tem cardiovasculalamag ard possibf con-
tribute to hypertension atherosclerosidiabets and
other disorders.
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Additionally, in women circulatirg leptin levekare
associatewith stress-induckechangsin heat rate heart
rate variability ard cardi& pre-ejectim period indepen-
dert of age adiposity ard smoking®®? Plasm leptin
leveb in women al® correlatd with stress-induced
increase IL- 6 levels’®? It hasbean postulatd that leptin
may mediae the advers effect of stresard obesiy on
femaé cardiovasculdhealth.

Adiponectin

Adiponectn is an abundah adipocyte-derivé plasma
protei with anti-atheroscleratieffects% It isaunique
adipokine producel in lower amounsin obeg than in
lean individuals Its receptos are presehon endothelial
cells ard it ack predominang} in a beneficih manner
by increasig insuln sensitivity stimulatig fatty acid
oxidation inhibiting inflammatoy reactiors (including
stimulatimn of the proinflammatoy cytokine TNF-a),
ard inducing endothelium-dependé&n NO-mediated
vasorelaxatioff>2°° It is al® a negatie regulato of
angiogenesif vitro, additin of adiponecti a physio-
logic concentratiorinhibitsendotheliacel proliferation
ard migration ard prevens new vessiegrowth. It also
inhibitsnonendothelibcel growth althoudn the concen-
tration needd is highe than for endothelif cells sug-
gestig a selectie action on endothelia cels & low
concentration§®®

Adiponectin is an important lipid and glucose
metabolism regulator.”®” However, in mice, deletion of
adiponectin doesnot cause any differencesin body weight,
uggeding that, under physologic conditions adiponectin
may be redundant.?® Smilarly, in mice, adiponectin over-
expresson did not produce a sgnificant increase in body
weight or adiposty.”® In humans high adiponectin con-
centration has been asociated with lower occurrence of
didbetes and cholegerol abnormdities Adiponectin’'s
anti-angiogenic activity ssemsto be egecidly pronounced
under pathologicd conditionsand could be related to sup-
presson of angiogenedstha prevents atheroglerotic pla
que growth®® However, degite thex metabolic
changes elevated adiponectin levelsmay lead to increased
rik of M1 in older adults In acohort of 1386 older parti-
cipants in the populaion-based Cardiovascular Hedth
Sudy, 604 auffered a heart disease event, and those with
the highed adiponectin levels were the mog likely to be
dfected.*® The=e realts would ssem to contradict the
effects of adiponectin on lipid and glucose regulation, and
further research isnecessary to clarify adiponectin’srole on
the cardiovaular sygem.*©
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Resistin

Resisth is a hormore producal by fa celk tha is
associatewith inflammation ard insulin resistancdn a
prospectie case-contriostud/ nestd in the Women’s
Healh Study ard the PhysiciarsHealh Study Il, serum

resisti levekwere significan highe in postmenopausal

women than in men Elevatd baseliaresisti levebwere

associate with an increase risk of type 2 diabetes.
Positive correlatiols haw previousy been reported

betwea BMI ard resistn levels The= findings further

suggdsacomple interaction betwee gendeymetabolic
diseaseard inflammatoy markers**

Resisth exers a dired effe¢ on myocardia cells,
decreasiptheir ability to contract In the Healh Aging
ard Body Composition Study 3000 eldery individuals
were followed over 7 yearsThe risk of new onse heart
failure increasg 38% for evely 10 ng/mL increas in
resisti blood levels Thishormore appeasto be an even
stronge predicta of heat failure risk than other inflam-
matoly markeslinked to heat diseasesud asC-reactive
proten (CRP)2'? The associatip of resisti and
adiponecti with heat failure has al® beea studi@ in
273 individuakfrom the Framinghen Offsprirg cohort.
The hazad ratio for individuakin the top third of resistin
distribution was4.01 (95 Cl: 1.52-10.5F compard to
2.8 (9%% CI: 1.05-7.92 in the middle third during
6 yeas of follow-up. This associatio remainé strong
even afte adjustig for preseneof coronay heat disease,
obesity insuln resistance ard other markes of
inflammatior?*?

Finally significany} highe resisti levek hawe been
found in individuabwith maskd hypertensin compared
to normotensie ones>** The resulsmay be prognostic
for future cardiovasculaevents Hyperesistineraimay
contribuke to insuln resistangeendothelibdysfunction,
chronic inflammation ard ultimatey acceleratbathero-
genesié§™® %" Therefore resisti shoutl be included asa
novd variabé ard marke of CVD, althoudh its precise
clinicd significane remairsto be defined.

ADDITIONAAMM ORMARKERS

Insulin

Studiesof insulin resistarein young populatiorsshowed
highe fastimg insulin concentratiosin girls adifference
tha has remaind despi¢ adjustmergfor adiposiy and
puberta stag&®?**Wilkin ard Murphy postulatd that
femaleswho are bom lighter than males despie higher

Paez-Lpez et al

insuln concentratior a birth, ar intrinsicay more
insulin resistanthan males’?® In women insuln resis-
tane ard diabets are associate with greate CVR,

including up to a6-fold increasin Ml risk ascompared
to men (who hawe a4-fold increaserisk of M1 in the set-
ting of diabetesj**'??*Thes observatioshasbea con-

firmed in multiple studie including the Framingham
Heat Project the Chicag Heat Associatin Detection

Proje¢ in Industry ard the Minnesoa Heart
Survey??1223

C-Reactiv e Protein

C-reactie proten is an acute-phasreactah tha was
originally describd in 1930 in the semof patiensacutely
ill with pneumococdapneumonig&?* The Physicians’
Healh Study describd CRPasaCVD risk facta in men,
noting tha high plasna concentratios were associated
with a 2-fold increase risk of strole ard a 3-fold
increase risk of M. 1°8 Subsequérstudie confirmel its
utility as a prognostt facta for CVD in women an
increas in CRP levek abow 3.0 mg/L was associated
with elevatd age-adjustk incidene rates of future
cardiovascutaevens (from 34 to 59 pe thousand
person-year of exposuref?> C-reactive proten does
not, however appea to differ between men and

women?2°

Ferritin

Serun ferritin is a biomarke of body iron stores?®
Sullivan firg noted an increaserisk of M1 in patienswith
high serum ferritin levels hypothesizig tha elevated
iron gorescontributeto CVD risk viaincreased free radicd
production, which promotes the development of athero-
Tlerogs®®2?%” While men exhibit higher srum ferritin
levels & basline than both pre- and posmenopaus
women, women aso gopear to be a risk from elevated fer-
ritin levels®® In 1 case-cohort gudy, posmenopausd
women with serum ferritin levelsin the highe tertile had
a2-fold higher risk of ischemic groke compared to women
in the lowes tertile.®®® T he findings are complicated by
the fact tha other authorshave noted a U-shagped asocia
tion between serrum ferritin and CVD, with levelsin the
extreme low range d= repreenting a CVR factor.?® In
addition, clinicd trids teding the impact of phlebotomy
on cardiovascular eventshave not found decreased morta-
ity after reduction of body iron gores®® Many of the
avdlable gudies linking ferritin to CVD rik ae andl,
comprised of varying ethnic groups and include multiple
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confounding variables suggeding that further work needs
to be done to clarify the role of ferritin.

Homocysteine

Homocysteie (Hcy) is a sulfur-containig amiro acid
formed asan intermediag metabolie during the catabo-
lism of the essentlaamirp acd methionine Sone 80% of
plasna Hey is bourd to proteins?®° Itsinvolvemert in
atherogenesiwas elucidatd by observig individuals
with homozygoshomocystinuid (who characteristically
presehwith prematue vasculedisease*° Hyperhomo-
cysteinend is presentt considerd an independenrisk
facta for the developmenhof atherosclerosiaswell asfor
arteridard venowsthrombosisMore than 80 clinicd and
epidemiologiclestudiessuppot the fad tha hyperhomo-
cysteinend isan atheroscleratidiseasrisk factor even
amory individuaswho hawe norma cholesterblevels’3*

Although the precig etiologich mechaniss are
unknown, hyperhomocysteinemi likely lead to
endothelifinjury ard dysfunctio viageneratia of free
radical$3? Circulating reactie oxygen specis initiate
cel membrae ard circulatirg lipoproten peroxidation.
Subsequentlyoxidized LDL is taken up by intima
macrophageto form foan cells ard begn the process
of atheromatos plage formation The atherogenic
effe¢ of Hcy has been confirmeal usirg experimental
models hyperhomocysteinemican accelerat athero-
sclerosidevelopmenin susceptilel modek sud as the
apolipoprotai E-deficiet mouse”>* Interestinglyhow-
ever reductian in Hey levesdoesnot improve prognosis
if diseasisalreay presentassuggesteby reseait stud-
ies involving a cohott of neary 5000 Norwegian heart
atta& survivoswith sevee heat diseasé>**No preven-
tive stud/ has ya been conductel amorg participants
who are in arelativey goad stae of health In addition,
reduction in Hey levebk does not quickly repai existing
arterid structurhdamagé*

Homocysteie al® stimulate VSMC proliferation
ard collage depositiom in the atheromatosiplagie and
inhibits vascula endotheliaicel growth. Elevate Hcy
levek may al® promoe thromboss by increased
thrombin generatio and endothelicel sensitizatio to
the effe¢ of inflammatoy mediator$>°® Other possible
mechanism for Hcy-mediatel atherogenesiinclude
decrease NO bioavailabily ard excessi& endothelial
monocyte/neutropHiadhesiorf* Evidene from animal
modek has demonstrag tha hyperhomocysteinemia
stimulatsvasculacel proinflammatoy pathwaysresult-
ing in vessewal leukocye recruitmen ard infiltration
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with increasg chemokire secretion and monocyte
differentiatim  into cholesterb scavengim macro-
phage$® Finally accumulatin of adenosylhomocys-
teine (a by-produd of hyperhomocysteinemidead to
inhibition of methyltransferasard ultimatey prevents
repar of agel ard damage cells®*’

In vitro experimentaresuls indicae that Hcy can
lead to ESRL hypermethylationThis proces is corre-
lated with more sevee atherosclerati lesions patients
with atherosclerashawe a high rate of ERSL promoter
regian hypermethylatiof3’ Interestingly menopausal
women who took micronizel estradib (2 mg/d) for
6 months with or without the addition of norethisterone
acetat (1 mg/d), had a significah reduction in Hcy
levels However, there was no correlatim betwea Hcy
leveb ard measuremestof carotd vascula resistance
following HT.?3® In men there were no associations
betwea Hcy ard T, DHEAS, and estradiblevels even
afte adjustmergfor smoking alcohd intake daily phys-
icd activity, diabetes mellitus ard hypertensior>°

FINAREMARKS

Cardiovasculadiseasisa comple procestha includes
geneti¢ inflammatory ard immune factos as well as
endocrire componentsDuring the las decadesmuch
emphas has been given to blood cholesterbard lipids
as the primay determinarg of CVR. However, many
endbcrine factors (including androgens and egrogens) and

biochemicd factorsare involved in the aherosclerogspro-

cessaswell, both sysemicdly and a the level of the vascu-

lar endothdlium. Much resarch remans to be done
regarding the interaction between these variousfactorsand

their role in gender-related cardiovascular differences
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