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TheRoleof Fetuin-Ain Dissase Pr ocessesPrevalent in Postmenopausal Women
El papd delafetuinaA enlosprocesosdeenfermedad prevalentesen mujeresposmenopausicas
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Abstract. The purpose of this review is to summarize the role of fetuin-A in disease processes prevalent in postmenopausal women and synthesize
effective interventions in obtaining healthy fetuin-A levels. A review of databases for articles related to fetuin-A and diseases associated with
postmenopausal women was conducted. Articles were limited to full-text access, published in English since 1944. High fetuin-A levels are closely
associated with decreased bone mineral density, increased cardiovascular disease risks, impairment of insulin signaling and disruption of adipocyte
functioning. Postmenopausal women have increased risk of osteoporosis, cardiovascular disease, insulin-resistance, intra-abdomina fat accumulation
and vascular calcification. Low-levels of fetuin-A have been shown to be protective against the latter. The role of fetuin-A is multi-factoria and the
mechanisms in which it is involved in each of these processes are vast. The present body of literature is incongstent in defining high versus low levels
of fetuin-A and their association with healthy-matched controls. The diseases associated with high levels of fetuin-A mimic diseases most prevaent in
postmenopausal women. In addition, there is no research, to date, exploring fetuin-A levels in postmenopausal women and the associations it may or
may not have in related diseases.

Key words: fetuin-A; Alpha2-Heremans-Schmid glycoprotein; cardiovascular disease; and elderly, insulin-resistance, intra-abdominal fat, metabolic
syndrome, exercise, weight-loss, calorie restriction and postmenopausal.

Resumen. El propdsito de esta revision es sintetizar € papel de la fetuina A en los procesos de enfermedad prevaentes en mujeres posmenopausicas
y resumir las intervenciones efectivas que permiten obtener niveles saludables de fetuina A. Para ello, se revisaron bases de datos con articulos
relacionados con fetuina A y las enfermedades asociadas con mujeres posmenopausicas. La blsgueda de articulos se limitd a aquellos de texto completo
publicados en € idioma inglés desde & afio 1944. Se encontrd que atos niveles de fetuina A estén intimamente relacionados con una reduccion de la
densidad minera 6sea, un aumento en € riesgo de enfermedad cardiovascular, deterioro de la sefidizacion de lainsulinay la dteracion del funcionamiento
de los adipocitos. Las mujeres posmenopausicas tienen un mayor riesgo de osteopoross, enfermedad cardiovascular, resstencia a la insuling, acumulacion
de grasa intra abdomind y cacificacion vascular. Se ha demostrado que niveles bajos de fetuina A son protectores contra esta Ultima condicion. El papel
de fetuina A es multifactoria y los mecanismos en 1os que esté involucrado en cada uno de estos procesos son muy amplios. El estado actud de la literatura
no es consgtente en la definicion de niveles de fetuina A altos versus bgjos y su asociacion con controles sanos. Las enfermedades asociadas con dtos
niveles de fetuina A asemejan las enfermedades més prevaentes en mujeres posmenopausicas. Ademas, no existen investigaciones, hasta la fecha, en
lasque se  exploren los niveles de fetuina A en mujeres posmenopausicas y las asociaciones que puede o no puede tener en las enfermedades relacionadas.
Palabras claves: fetuina A, glicoproteina Alpha2-Heremans-Schmid, enfermedad cardiovascular, adulto mayor, resistencia a la insuling, grasa intra

abdominal, sindrome metabdlico, gercicio, pérdida de peso, restriccion cadrica, posmenopausia.

Introduction

Fetuin-A isacirculaing glycoprotein that plays a criticd rolein
bonehomeostasis(Price, Toroian, & Lim, 2009), prevention of vascular
cddification (Schéfer et d., 2003),impairment of insUlinggnaling (Goustin
& Abou-Samra, 2011) and disruption of adipocytefunctioning (Resul,
Wegner, & Kautzky-Willer, 2012). Arguably, the role this liver-
phosphorylated glycoprotein plays in the prevention and/or
amplification of these disease processes seems to be concentration
dependent. High levelsof fetuin-A have been associated with diseases
such as type-2 dicbetes mellitus (T2DM), obesity (Schultes, Frick,
Erng, Stefan, & Fritsche, 2010) and metabolic syndrome (Ix et dl.,
2006).Anincreaseinmyocardid infarctionand srokeared sopostively
correlated with increased fetuin-A blood concentrations (Ix, Wassd &
Kanayaet d., 2008). Low levels, however, have been linked to both
detrimenta and beneficid hedlth effects (Mehrotra, 2007; Priceetd.,
2009). Higher mortality rates in patients with chronic kidney diseese
(CKD) havebeendosdy linkedtolow circulating fetuin-A (Mehrotra,
2007). Conversdly, low levels have a potentidly protective effect on
arterid cdcificationinnon-CKD patients (Schéfer et d., 2003).

High-levesof fetuin-A seemtobeof utmost concernin populations
at higher risk of diabetesand cardiovascular disease(CVD). Inaddition
to being a higher risk than pre-menopausa women and age-matched
men for digbetes and CV D, posmenopausal women have decreased
bone minerd dengty and increased abdomind fat (Tchernof, Toth, &
Poehlman, 1999). Thenegativehedthimpact that occursinthesewomen
can adversdly affect qudity and quantity of life. In fact, the risk of
CVD, inaulin resistance and metabolic syndrome have been shown to
risesubstantialy in postmenopausa women compared to age-matched
premenopausa women (Janssen, Powdll, Crawford, Ladey, & Sutton-
Tyrrell, 2008; Lemieux, Prud’ homme, Bouchard, Tremblay, & Després,
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1993; Sutton-Tyrrell et d., 2005). A decreasein ovarian production of
estrogen and progesterone has been linked to an increase in insulin
resistance (SethyaBhama, Balgi & Seethaakshmi, 2012), intra-abdo-
mind fat (Tchernof, Calles-Escandon, Sites, & Poehiman, 1998) and
increased inflammatory markers(Hennigeet d., 2008), dl of whichare
associated with metabolic syndromeand/or cardiovascular disease.

Sudiesdetermining fetuin-A levelsin postmenopausd womenare
non-existent. High levels have been reported in women with T2DM
(Ley etd., 2014), polycystic ovary syndrome (Enli, Fenkdi, Fenkci, &
Oztekin, 2013), morbid-obesity (Brix et d., 2010) and obesity (Schultes
et d., 2010). Postmenopausal women, particularly, have the highest
prevalenceof these diseasescombined.

The purpose of thisreview isto summarizetherole of fetuin-A in
disease processes preva ent in postmenopausal women and synthesize
effective interventions in obtaining healthy fetuin-A levels Therole
that fetuin-A plays in adipocyte functioning, insulin resistance,
inflammetionand CV D will beexplained. Inaddition, thephysiologica
dteration that postmenopausal women demondrate in dl of these
areaswill alsobeaddressed. Theimportanceof thisliteraturereview is
toinitiateadiscussonintheimportanceof fetuin-A'srolein menopause-
related diseasesand to find interventionsthet makethispopulation less
susceptible to these health complications.

Thisreview of literatureind uded searchesof thedatabasesPubMed,
Medline, EBSCOhost, Google Scholar and Academic Seerch Complete
forrdaedartidespublishedin Englishance 1944. Searchtermsinduded:
fetuin-A or Alpha2-Heremans-Schmid glycoproteinincombinationwith:
cardiovascular disease and ederly, insulin-resstance, intra-abdomina
fat, metabolic syndrome, exercise, weight-loss, cdorie regtriction and
postmenopausd. There are currently no papers (reviews or originel
research) that look specificaly at postmenopausal womenand levelsof
fetuin-A. Due to the lack of research done in the area, a subsequent
search was done to provide areview on fetuin-A-related diseases and
postmenopausa women. Search termsincluded: postmenopeausal and
premenopausal in combination with insulin resistance, cardiovascular
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disease, intra-abdomind fat and cacification. Paperswereincuded thet
pertained to diseases and/or conditions in which postmenopausa
women are most susceptibleto. Eighty-nine articleswereincludedin
thisreview, of which, 38 wereorigina research about fetuin-A, 3were
areview of fetuin-A in cardiovascular disease, 1 was a review of
measurements of fetuin-A ELISA kits, 22 included a review on the
menopausa prevaence of disease and/or hormond changes, 14 were
origina research with menopause and insulin resistance or metabolic
syndrome, 3werelongitudal studieswith menopauseand heart diseese
and 8 were pertaining to menopauise and centrd-fatness and/or intra-
abdomind fa.

Thelack of researchregarding fetuin-A and postmenopausa women
was very limiting in compiling this review. The lack of research in
homogenous populaions made it difficult to compare interventions
andtheir effectivenessinlowering fetuin-A. Moreover, theincons sency
of categorized concentrationsof low versushigh fetuin-A levelsmede
studies hard to compare. In addition, linking diseases associated with
menopause and mechanisms of fetuin-A has not been done. The
assortment of literaturefor menopauseand rel ated diseasesarevadt, yet
fetuin-A and menopauseis non-existent in current literature.

Physiological Function of Fetuin-A

Fetuinwasfirgtisolated from bovineserumin 1944 (Pedersen, Kai
O, 1944). The human form of fetuin is known as Alpha2-Heremans-
Schmidglycoprotein (AHSG). Sructurdly, thisglycoproteinhasbinding
stesfor hydroxyapatite (Heiss et d., 2003) and transforming growth
fector-Beta (TGF-Beta) (Demetriou, Binkert, Sukhu, Tenenbaum, &
Dennis, 1996), which help to partidly explain fetuin-A'srolein bone
homeostasi sand inflammation. Hydroxyapatiteisamaor component
and essentid ingredient for norma bone and teeth development and
maintenance. The TGF-Betas are pleiotropic cytokines, which are
implicated in a wide variety of cell functions, criticaly regulating
inflammation, extracellular matrix deposition, cell proliferation,
differentiationand growth (Dobaczewski, Chen, & Frangogiannis, 2011).
Fetuin-A israpidly downregulated under acuteinflammation and, thus,
classfied as a hegative acute-phase protein (Gangneux et d., 2003).
Acute inflammation occurs minutes following injury of tissues when
blood flow, permeghility and migration of neutrophils are increased
(Kumar, Abbas, Faugto, & Mitchdll, 2012). Acute injury can occur
after infections, thermal injury (sunburn), splinters and gastric ulcers.
Interestingly, in diseases where chronic inflammeation is a notable
characteridic, asin obedty, CVD or T2DM, fetuin-A is upregulated
(Choi etd., 2013; Rasul et d., 2012).

Themulti-factorid function of fetuin-A might befurther explained
by the phosphorylated form of the glycoprotein. Fetuin-A present in
blood exists in both active (phosphorylated) and inactive
(dephosphorylated) forms Apart fromitsrolein boneregul ation, fetuin-
A must be phogphorylaed to be physiologicaly active in mammas
(Haglund, Ek, & Ek, 2001). The partialy-phosphorylated forms have
been showntoinhibitinsulin-induced autophosphorylation of theinsulin
receptor in insect cdls (Srinives et d., 1996). Further, a partially-
phosphorylated form has beenidentified in humans (Jahnen-Dechent,
Trindl, Godovac-Zimmermann, & Mller-Esterl, 1994). Fetuin-A has
been shown to be modified through various means. Modification of
fetuin-A isrelaedto N-linked and O-linked glycosylation (Ggyoet d.,
1983). This very modification of fetuin-A may help to explain the
differing roles fetuin-A plays at different concentrations. Fetuin-A
measurementsin humansare only taken from the phosphorylated and
not modified form. Thein vitro modifications of fetuin-A (Schinke et
d., 1996) may help explain the plasma-concentration discrepanciesin
physiological functioning and diseasein human plasma.

Concentrations of Fetuin-A

The average fetuin-A plasma concentration in adults is
gpproximately 300 pg/mL (Haglund et d., 2001). Exact high and low
concentration thresholdsin relation to diseese areyet to bedetermined.
A comparison of studies reporting on conditions and/or diseases
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addressed in this review and their corresponding fetuin-A levels are
reported in Table 1. The highest fetuin-A value measured (900pg/mL)
wasinacorrelationd study eva uating therelaionship betweenviscerd
fet content and fetuin-A in ederly subjects (73+3) (Ix et d., 2009).
Fetuin-A levelsinindividuaswith morbid obesity (877+318ug/mL),
coronary artery diseese (640+13ug/mL ) (Ix et d., 2006), obesity (440uy/
mL) (Schultes et d., 2010) and peripherd artery disease and T2DM
(411.19+163ug/mL) (Lorant et d., 2011) werewe| abovethe normal
concentrations. Interestingly, al studiesincluded in Table 1 described
fetuin-A levelsashigh, yet theremaining fell below thenormal ranges
reported in adults. The lowest fetuin-A level reported in a diseased
cohort (230.2+135.9ug/mL) wasin across-sectiond study evauaing
arterid diffnessin women (41+10 years of age) (Yang et d., 2011).
Other sub-300ug/mL levels included studies evaduating myocardia
infarctionandischemic stroke (Welkert et d., 2008), hyperinsulimenia
(Stefanetd., 2006) and T2DM with and without atherosclerod s(Emoto
etd., 2010).

Very few sudiesexamined fetuin-A levelsin diseased versusnon-
diseased dates. In fact, only studies examining myocardid infarction
and ischemic stroke (Weikert et &, 2008), morbid obesity (Brix et d.,
2010) and peripherd artery dissasein T2DM (Lorantetd., 2011) were
meatched with ahealthy-controlled counterpart. Interestingly, highlevels
of fetuin-A were used to describe al diseased/conditions displayed in
Table1. All reported significant differencesin concentrationsof disease
in comparison to hedlthy-controls.

Perhaps a more definitive concentration of what is consdered
hedlthy-normal and observed normal leve sof fetuin-A would bebetter
understood. Thiswould help to strengthen the definition of high and
low fetuin-A level sinstudieswithout hedlthy, non-diseased counterparts.

Endocrinal Changes in Menopause

Theendocrind changesthat occur in postmenopausal womenhave
adegpdedineinhormoneleve sand havebeen associated with edverse
hedthissues. Particularly, thedecreasein ovarian production of estrogen
and progesterone has been linked to an increase in insulin resstance
(Simpson, Merill, Hollub, Graham-Lorence, & Mendelson, 1989),
hyperinsulinemia (Tchernof et al., 1998), intra-abdomind fat (Sathya
Bhamaet d., 2012) and increased inflammatory markers (Lemieux et
al., 1993), dl of which are associated with metabolic syndromeand/or
CVD. Estrogen hasa so been shown to promoteinsulin sengtivity and
reduce cardiovascular risk by decreasing the viscerd fat accumulation
and favoring gluted depositsin alongitudina study with menopausal

Teblel
Fetuin-A levelsreported in various diseases and conditions.
- . Fetuin-A L evels
Condition Ages Fetuin-A Leveds inControls SampleSze Refaence
. " . n=508 .
Viscard adiposity in 7343 900ug/mL wa men=132 (DeNino et
Eldery 3 al., 2001)
women=376
n=711
g‘.mna'y Artay 67410 640:13gmL  nja men=583 (2'8‘02 d.,
isezee women=128 )
n=14
Obesity 432:32  440ug/mL na men=0 (Schuiteset
al., 2010)
women=14
Myocardial sisioss 2saemsgm. 2Z28%LlgmL T2 (iad,
Infarcti on -5+0- 03519 (p<0.001) men=165: 2007)
women=64
n=168
Ischemic Stroke 559:0.66 2487edpgimL  2209ELlugmL o oo (xed,
(p<0.001) e gy 2007)
n=106
Hypar-inslinemia 451 260t1lugml  na men=50 Sdandal,
0 2006)
women=56
n=13 -
NAFLD 505134  420ug/mL na men=11 (Malinetal.,
2013)
women=2
T2DM & 262.6£56.7ug/m n=416 (Emoto et al.
Ath lerosi 65.846.9 L T n/a men=262 2010 '
goscleross women=154 )
n=223
ToDM 64.0+6.2 281.5+64.6ug/m na men=134 (Emoto et al.,
L 2010)
women=89
205t61gmL =72 (Brix etal
Morbid Obesity 41410 877+318ug/mL o men=11 -
(p<0.001) - 2010)
women=64
n=40
Ataial Siffiess 453105  202H35ougm men=0 (Yangaal,
L _ 2011)
women=40
Reriphaal Attay o, o 41119:163uy/m  356.45:125.5%g ”m:;Q739 (Lorant etal.,
Disease + T2DM 49 L (poooy PR 2011)

Notes: All studies included i n theteble report high levels of fetuin-A. T2DM=type-2 diabetesmdllitus.n/a
indi cates that acontrol or comparison group was not used. NAFLD=non-alcoholic fetty liver di sease
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women (Williamset d., 1996).

In past studies, estrogen therapy has been shown to decrease
coronary heart disesse (Williams, Adams, & Klopfenstein, 1990). Recent
studies, however, show that hormone replacement trestment hasbeen
showntobeineffectivein preventing cardiovascular diseeseeventsand
may, in fact, increase the risk of stroke and venous thromboembolic
events (Main et a., 2013). Hormone replacement therapy is a
combination of estrogen and progesterone, however, and not esrogen
done. Fertile women are mogt protected from cardiovascular diseese
among adults (Vaccarino et d., 2011). The protective mechanismsthat
estrogenmay haveon cardiovascul ar diseesehasbeen shownto atenuate
cardiovascular oxidativestresstwo-fold: firdt, by preventing generation
of reactive oxygen speciesand second, by scavenging reactive oxygen
species in the myocardium and in the vasculature (Arias-Loza,
Muehlfelder, & Pelzer, 2013).

Thereareno studies, to theauthorsknowledge, thet exist that show
correlationsbetween estrogen reduction and changesinfetuin-A levels.
Anindirect relationship between fetuin-A and estrogen can beinferred
due to the increased prevaence of disease in women who experience
rapid declinesin estrogen dueto menopauise.

Factors Influencing Fetuin-A

Therearearange of factorsinfluencing fetuin-A and therolesthis
glycoprotein may play invariousdiseasesand/or conditions. Fetuin-A
hasshownto beprotectiveagains atherosclerossat low levels(Schéfer
etd., 2003). Highleve shavebeen showntoincreasevariousCV D risk
fectors(Weikertetd., 2008). Inaddition, insulinresistance (Catdanoet
dl.,2008) andincreasadintra-abdominal fat (Hennigeet d., 2008) have
been associated with high levels. In this section, asummary of fetuin-
A'srole in numerous diseases and/or conditions and their pardleled
prevalencein postmenopausad women are addressed.

Cardiovascular Disease

Theralesof fetuin-A in cardiovascul ar diseeseseemto becontragting
invariouspathogeneticmechanismssuch ascacification, inflammeation
and insulin resigtance (Welkert et d., 2008). Although low levels of
fetuin-A havebeen shownto haveaprotectiveeffect againg cdcification
(Schéfer et d., 2003), high levels have been associated with increased
risk of cardiovascular disease (Choi et d., 2013). High fetuin-A levels
had an approximate4-foldincreeseintherisk for myocardid infarction
and stroke compared to patients presenting low fetuin-A levelsina8-
year follow-up case-cohort study of over 27,000 individuals who
averaged 54 yearsof age (Weikert et d., 2008).

Arterid dtiffnesshasal so been associsted with high-level sof fetuin-
A. Anassociaion betweenincreased fetuin-A and metabolic syndrome
phenotypes and atherogenic lipid profile in 711 non-digbetics with
coronary artery diseasewasdemondrated (Ix et d., 2006). After dividing
the patientsinto quartiles based on levels of fetuin-A, there were also
asociations with high levels of fetuin-A and increased hypertension,
body mass index, inflammatory markers, low-density lipoproteins,
triglyceride concentrationsand lower high-density lipoproteins. While
low fetuin-A levelsin younger men have been shown to be associated
with decreased cardiovascular markerssuch ashigh blood pressureand
cholesteral (Hennige et d., 2008) a case cohort study showed that in
subjectswithlow-cholesteral, fetuin-A may bemoreclosdly associated
with cardiovascular diseese. Low levelshaved sobeen associated with
peripherd artery diseesein T2DM (Erasoet d., 2010). Thelink between
fetuin-A and inflammation has aso been shown in individuas with
carotid arterid giffness(Mori et d., 2007).

CVD incresses subgtantialy after the trangtion of menopause.
Premenopausa women gppear to be protected from cardiovascular
disease compared with men of thesameage, afindingthatissmilar to
insulin res stanceinyoung age-matched malesand fema es (L gjskova,
Alusik, Suchanek, Zecovg, & PFitha, 2011). In a nine-year follow-up
study, cardiovascular metabolic risk in postmenopausal women was
foundindependent of other cardiovescular diseaserisk factors(Ramezani
Tehrani, Behboudi-Gandevani, Ghanbarian, & Azizi, 2014). Primary
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findingsof thisstudy reved ed womenwho had experienced menopause
compared tothosewho had not, showed increased serum concentrations
of low-dengty lipoproteins and total cholesteral. It iswell-established
that the risk of CVD increases as age increases. The occurrence of
cardiovascular disease, however, isdifferent in men versuswomen. In
fact, theaverage onset of cardiovascular diseaseisddayed tenyearsin
women compared to ageand hedlth-risk matched men (Kim & Reaven,
2013). Statigtics from indudtridized nations from 2007 show than
morewomenthan men dieof cardiovascular disease (Rosamondet d.,
2007). The acceleration of the development of CVD in women has
largely been attributed to adversehedl th complicationsdueto menopause.

Calcification

Thebeneficia effectsof low leve sof fetuin-A havebeen shownto
inhibit spontaneous calcium phosphate precipitation, acting as a
protectivemechanism for atheroscleros sand peripherd artery disease
(Schéfer et d., 2003). It has been proposed this is due to fetuin-A's
involvement in bonehomeostasis(Heisset d., 2003). Inahomeodtatic
bone, less cacium phosphate precipitation meansthat lesscaciumis
being pulled from thebone, decreasing the cal cification of blood vessals
An inverse asociation with the presence of atherosclerotic cacified
plagues and fetuin-A plasma levels in humans has been presented
(Emoto et d., 2010). Anima studies have aso shown low levels of
fetuin-A tobeaninhibitor of vascular cadification (Schinkeet d., 1996).

In patients with End Stage Rend Disease (ESRD) low levels of
fetuin-A were associated with increased cardiovascular and dll-cause
mortdity. The increased vascular calcification in patients with rena
disease with low fetuin-A levesis likely to be the mechanism for
increased mortdity in ESRD patients(Mehrotra, 2007). Hemodiays's
hasbeen showntoindependently decreasefetuin-A level s(Stout, 1990),
possibly decreasing them past the threshold of optimal levels for
cdcification protection. Individua swith mitral and aortic cacification
and genosishaveshownaninverserdationshipwithfetuin-A (Ix etd.,
2007). Inthis study, levels of fetuin-A were not labeled as «high» or
«dow. Infact, fetuin-A levelsranged from 590-700ig/mL. Asseenin
Table 1, these levelswould be considered high in many cases. These
findings may shed light on the importance of fetuin-A in bone-
homeostasisto prevent calcification of arteries, especialy in diseased
gates. The leve in which bone-homeostasisis optimal has not been
studied. In the absence of CKD fetuin-A is associated with plagque
Sability (Beckmean, Ganz, Creager, Ganz, & Kinlay, 2001; Huangetd.,
2001). Highleve shavebeen associated with coronary artery celcification
in patientswith T2DM (Mehrotraet d., 2005). Primary findingswere
that serumfetuin-A showed significant postivecorrdationswith arterial
dtiffnessmeasured by brachid-anklepulsewavevel ocity, systolichlood
pressure, total cholesterol and inflammatory markers. Moreresearchis
warranted in this area to determine the protective effects in specific-
populations.

Therolethat fetuin-A playsin cardiovascular diseasesisdebatedin
theliterature. Thoughfew reviewsexist, athorough examination of the
multiple functiondity of fetuin-A in the exacerbating and protective
factors in the cardiovascular system is examined (Mori, Emoto, &
Inaba, 2012). The conclusion was thet fetuin-A had an exacerbating
effect oninsulin-resstance a high-levelsin the blood and aprotective
effect by inhibiting cacification et low levels. Specificlevels however,
werenot examined. Limitations however, areshownto beinthefetuin-
Aassay rdighility, which may explainthe contradictory findingsinthe
literature (Smith et ., 2010).

Insulin Resistance

The hedlth impact of insulin resistance are vast and include
complicationsfrom disessessuch asbreast cancer, cardiovascular disease
and metabolicsyndrome (Catdanoet d., 2008). Theassodiationbetween
Fetuin-A and insulin resistance has been shown in human and animd
models (Mathews et d., 2002). Fetuin-A has been found to inhibit
insulin receptor tyrosine kinase activity (TKA) in mice (Mathews et
d., 2002) and humans (Srinivas et d., 1996). TKA plays an essentid
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roleininsulinsgnaing and may helptoexplainwhy fetuin-A knockout
mice show enhanced glucose sengitivity and clearance, resistance to
weight gain (on ahigh fat diet), decreasad serum freefatty acid levels
and decreasad body fat compared to controlled mice (onthesamehigh
fat dief) (Mathewset d., 2002). Duetothisfinding, it hesbeen suggested
that fetuin-A might be a novel therapeutic target for the trestment of
T2DM, obesity and other insulin-resstant conditions.

In humans, high fetuin-A levels were associated with insulin
resistance and fat accumulaion in the liver in 106 Caucasian subjects
without T2DM (Stefan et d., 2006). Individuas with high fetuin-A
levels showed impaired glucose tolerance compared to subjects with
norma glucose tolerance after adjusting for age, sex and body fat
percentage. After 7-days of aerobic exercise (60-min/day a ~85%
maximum heart rete), fetuin-A levels decreased subgtantialy (11%,
P<0.05) andinsulinsengtivity wassgnificantly increased (29%, P<0.05)
inobesemenwith non-acoholicfaty liver diseese(NAFLD) (Mdinet
a., 2013). Smilarly, highlevelsof fetuin-A predict risksof developing
T2DM (Rasul et d., 2012) independent of diabetesor glucoselevels A
strong association and/or relationship is, therefore, reasonably drawn
between fetuin-A andinsulinresistance.

The steep decline in estrogen in this population has been closdly
linkedwithanincreaseininsulinresstance. Infact, previoudy untrested
postmenopausa women given ord estrogen therapy improved insulin
senditivity and pancreeticinsulin regponsesto glucose 18-months after
treatment (Sutton-Tyrrell et al., 2005). Animal studies have also
demongtrated the correlation between insulin resistance and estrogen
levelsinfemaes. A cessation of femaehormoneproductioninmiceand
ratspost anovariectomy isassociated with reductionininsulin sengtivity
(Méer & Garner, 1987; Puah & Bailey, 1985; Rinconetd., 1996). Ina
large9-year foll ow-up study, glucose-impaired older women (~71years
of age) displayed higher fetuin-A levels compared to age matched-
womenwith norma-glucosetol erance (Ramezani Tehrani et d., 2014).
Inaddition, older glucose-impaired men'sfetuin-A levelsdid not differ
from their matched norma glucose-tolerant counterparts. Therefore,
fetuin-A may beagrester influencein thedevel opment and/or predictor
of T2DM in older women, but not men.

It has been shown that fertile women display the highest insulin
sengtivity among adults (Manco et a., 2006). In an age-grouped
comparison, non-obese women with amean age of 67 + 6 yearswere
sgnificantly lessinsulin sengtivein comparison to non-obesewomen
inother age-grouped cohorts(28-53yearsof age) (DeNinoet d., 2001).
A longitudd comparison (6 years) of metabolic changesinwomenwho
experienced menopausewith age-metched womenwhodidnot cond uded
that natural menopause was associated with a worsening metabolic
profile(Poehlmen, Toth, & Gardner, 1995). In comparisontothewomen
who did not experience menopause, the postmenopausal group hed
reduced energy expenditure (postmenopausal:-103 + 55 kecd/d and
premenopausdl: - 8 + 17 kcd/d, P<0.01), accderated loss of fat-free
mass (postmenopausd:—3.0 = 1.1 kg and postmenopausa:—0.5 +
0.5 kg) and devated fadting insulin levels (postmenopausd:-11 + 9
pmoal/L and postmenopausa:-2 + 5 pmol/L, P<0.01) (Poehimanetd.,
1995). Fetuin-A levelswere not measured in this study.

Itisthereforegpparent thet fetuin-A anditsroleininsulinres stance
could serveasanimportant biomarker in postmenopausal women. The
increased incidenceof insulin sengtivity inthispopulationisprominent.
More research is needed to understand the mechanisms behind the
relationship between fetuin-A and insulin resstance.

Hyperinsulinemia is associated with hypertension, obesity,
dydipidemiaand glucoseintolerance(Modan et d., 1985). Inaddition,
hyperinsulinemia may increase cardiovascular disease risk (Reaven,
1997, Stout, 1990). Postmenopauisal women, inparticular, haveincreased
devel opment of hyperinsulinemiacompared to premenopauisa women
(Guptaet d., 2008). Thehormonal changesassociated with menopause
decrease progesterone levels markedly (Tchernof et d., 1998) and
common treatments for menopause include progesterone (Spark &
Willis, 2012). Progesterone has been shown to independently cause
hyperinsulinemiaandinsulinresistance (Beck, 1969; Kakhoff, Jacobson,
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& Lemper, 1970). Themechanismsunderlying theassoci ation between
insulin res stanceand hyperinsulinemiaand cardiovascular diseeseare
gtill debated. It has been speculated that hyperinsulinemiamay require
the presence of insulin resstanceto increase therisk of cardiovascular
disease or may act independently on atheroscleross (Modan et d.,
1985). Inaretrogpective andysis of the European Group for the Study
of Insulin Resistance databiase, hyperinsulinemiawasthe best predictor
of cardiovascular diseaserisk score (Manco et d., 2006). Inthisstudy,
whole-body glucose, insulin concentration, body composition, blood
pressure and blood lipid levels were measured in 523 norma and
overweght petients. After adjusmentsfor fat freemeass, itwasdetermined
insulinlevelsrather thaninsulin resstance may be abetter predictor of
CVDriks

The link between CVD risks, hyperinsulinemia and insulin
resstance in postmenopausa women in gpparent. The relationship
that hyperinsulinemia and insulin resstance have in atheroscleross
needs further investigation. In addition, messuring levels of fetuin-A
and their role in these processes could help shed light on the
undergtanding of thisglycoprotein and itsprotectiveand/or detrimental
mechanisms

Intra-Abdominal Fat

Fetuin-A, metabolic syndrome and hypoadiponectinemia are dl
strongly associated with low-gradechronicinflammation andincreased
intra-abdomina fat (Golden et d., 2007; Matsui et d., 2013; Stefan et
al., 2006). Moreover, subdlinical inflammation hesbeen showntobea
criticd factor indevel opment of atherosclerosis, cardiovascular disease
and metabolic syndrome. Metabolic syndrome (Berg et d., 2004;
McKinlay, Brambilla, & Posner, 1992) and abdomind adiposity
(DeNino et d., 2001) in women is accelerated during the menopausal
trangtion. Fetuin-A induces inflammatory cytokines related to these
conditions by repressing adiponectin production in animals (Hennige
etd., 2008). Adiponectinisan anti-inflammeatory agent that isproduced
by fat and isimportant for the metabolism of glucose and faity acids
(SethyaBhamaet d., 2012). Adiponectin playsanimportant roleinthe
increased sengtivity of the muscle and liver to insulin. In fact, low-
serum adiponectin levels causeintra-abdomina weight gain and thus,
areindirectly associated withinsulin res stanceand metabolic syndrome
(Williamset dl., 1996).

There are multiple mechanisms behind this association and are
only briefly summarized here. The presence of abdominal fat ishighly
lipolytic, releasing high levels of faity acidsin circulation (Mauriege,
Prud’ homme, Lemieux, Tremblay, & Després, 1995). In turn, high
levelsof freefatty acidsintheportd vein, specifically, canincressethe
secretion of triglyceride-rich lipoproteins and apolipoprotein (gpo-B)
by the liver (Bjorntorp, 1990). High levels of free faity acids are not
only associated with increased abdomind fat and hyperinsulinemia,
they aredsoaresult of insulinresstance. Thisinturn effectsgpo-B and
reduces the plasmatic activity of lipoprotein lipase. This can leed to
high triglycerides and low high density lipoprotein cholesterol
dydipidemia and the promotion of small, dense LDLs (Lemieux &
Deorés, 1994). The association with this metabolic profileis closdy
associated with an array of cardiovascular disesses.

In a study with human monocytes and mice, fetuin-A exerted
gtrong pro-inflammatory effectsaswell asprovoked cytokineexpression
(Hennigeetd., 2008). Inthisstudy, micetreated with fetuin-A increased
adiposetissueinflanmatory markerssignificantly. Thisincresseshowed
plasmafetuin-A levels and metabolic syndrome may be the result of
fetuin-A induced suppression of adiponectin production. This
mechanismmay heptoexplainhighlevelsof fetuin-A inolder individuds
with increased viscerd fat content (Ix et a., 2009). This study was
comprised of amgjority of fema e participants (74%) thet were 73+3
yearsof age. Although control swerenot used, astrong correlation was
demonstrated between abdomind fat and fetuin-A levelsof 900ig/mL,
aleve 3-timeshigher thanwhat isconsidered to benormal.

A worsening metabolicprofilewasfoundinwomenwhoexperienced
menopause in comparison to age-matched counterparts who hed not
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(Mori etd., 2012). Womenwho experienced menopauisehad sgnificant
increases in central adiposity. This was determined by awaigt-to-hip
ratio increase, in comparison to a 6-years basdine (pre: +0.01 + 0.01
and post: +0.04 + 0.01, p<0.01) (Poehiman et d., 1995). This may
suggest that the association of viscerd adipose tissue with age is
acoderated with the onset of menopause. It is dso noteworthy that
body weight did not change Significantly among groups(pre: -1.0+ 1,
post: 0.5+ 1.1); however, body composition differencesweresignificant
(pre: +2+0.5%body fat, pre: +3.7+0.5%body fat, p<0.01). Moreover,
womenwho experienced menopauselost morefat-freemasscompared
toage-matched womenwho did not experiencemenopause (-0.5+ 0.5,
post: -3.0+1.1, p<0.01) (Poehiman et d., 1995). These changes may
help mitigate the worsening cardiovascular and metabolic risk profile
associated with menopauise.

The accentuated storage of excessfat in the abdominal areamay
augment thedeve opment of hepaticinsulinresstance (Williamset d.,
1996). Adverse hedth concerns associated with centra obesity in a
correlational study of 455 normoglycemic normotensive
postmenopausa womenincuded apositivecorrdationwith age, BMI,
fedting plasmaglucoss, triglycerides, insulin, blood pressure, homeodtatic
model assessment of insulin resistance (HOMA-IR), aortic and
peripherd pulsewaveveocity (Park et d., 2010). Inthesesamewomen,
anegativecorre ationwith central obesity and high-density lipoprotein
levelsand adiponectin was shown (Park et d., 2010).

Intwo studiesinvestigating theendocrine characteristics (Després
& Marette, 1994) and metabolic complications(Lord & Wilkin, 2002)
in polycystic ovary syndrome phenotypes, centra distribution and
accumulation of adiposetissue and insulin resistance was shown to be
important componentsin metabolic abnormalities strongly correlated
with coronary heart disease. When comparing two petterns of fat-
ditribution in the abdomina region versusthe gluteo-femora region,
abdomind region was only associated with dydipidemiaand insulin
resstance (Degprés & Marette, 1994). The dteration of hormond
balancecontributestoanincreasad visoerd fat depogition (Kdish, Barrett-
Connor, Laughlin, & Gulanski, 2003) whichinturnisassociated with
insulinres sanceandincreasad cardiovascular diseasein postmenopeusa
women (Kahnetd., 2001). Deposition of intra-abdominal fat through
the menopausal trangition has also been associated with dterations of
the lipoprotein profile and carbohydrate metabolism (Costrini &
Kakhoff, 1971; Schéfer et d., 2003).

Through themenopausal trangition, androgenic statusincressesin
conjunction with abdomind fat deposition (Mesch et d., 2008). This
study demondtrated this effect by the Significant negative correlation
found betweenwaist circumferenceand sex hormonebinging globulin
(SHBG) and a postive correlaion between waist circumference and
the free androgen index. In addition, metabolic syndrome, which is
highly correlated with cardiovascular disease, has shown a strong
correlation between abdomina obesity and accelerated incidence of
metabolic syndrome (Janssen et dl., 2008).

It can be speculated that increased CVD risk isdueto arisein
androgenic effects associated with adipose tissue redistribution in
postmenopausal women. Fetuin-A and its role in suppressing
adliponectin hasbeen demongtrated. Adiponectin hasbeen directly linked
to increased intra-abdomind fat. The link between fetuin-A levels,
suppression of adiponectin and accumulation of centra-adiposity
through the menopausal trangition has yet to be studied.

Interventions Affecting Fetuin-A Levels

Although studiesarelimitedintheir direct effect on dtering fetuin-
A levds fewinterventionshavebeen shownto beeffective. Decreasing
fetuin-A leve sthroughweight loss(Brix et d., 2010), dietary intervention
(Chai et d., 2013) and/or exercise (Jenkins, McKenzie, Hagberg, &
Witkowski, 2011) hasbeen positively correlated with decreasedinsulin
resistance, increased glucose tolerance and markers of cardiovascular
diseaserisks Inhigh-risk popul ations, such aspostmenopausa women,
itiscrucid to examine these interventions and their associgtion with
decreased risk of susceptible diseases.
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Weight Loss

Significant weight loss has been shown to affect fetuin-A levels.
Sixteen-months post-gastric bypass surgery and dramatic weight loss,
sgnificant dropsin fetuin-A levelswere demonstrated in 75 morbidly
obese patients (n=65 women) (Lorant et d., 2011). All patients were
freeof cardiovascular disease, but notinsulinresistance. Beforegastric
bypass surgery intervention, fetuin-A concentrationswere devated in
petientsthat were morbidly obese compared with non-obese controls.
Thefetuin-A levelsin the morbidly obese patients were comparable
with the accumulation of visceral adiposetissuein older persons(Ix et
d., 2009) [900ug/ml] indicating a possible upper limit for fetuin-A
levelsand the association with disease.

Thelink with obesity and digbetesisknown. Bariatric surgery hes
been shown to induce resolution of T2DM in 70-80% of those
undergoing thesurgery (Buchwadet d., 2009; Koppet d., 2003). The
as30ci ation betweeninsulin res tanceand fetuin-A hasbeen madecleer.
In fact, subjects with high fetuin-A levels have an increased risk of
incident disbetes(Stefanet d., 2008). Increased ageincressestheincidence
of diabetes in individuds with high fetuin-A plasmalevels (Ix et d.,
2009).

Limited studiesin this area show that morbidly obeseindividuas
haveincreased fetuin-A level scompared to norma-weight controlsand
levdsmimicolder individua sthet arenot-obese (Brix et d., 2010). Itis
commonly known that obesity is highly associated with low-grade
chronicinflammation (Gangneux et d., 2003). Themechanismsbehind
thedecreaseinweight andtheassodiationwithfetuin-A andinflanmation
are unknown, but can be peculated. Further research is needed to
investigate this relationship.

Dietary Interventions

Cdorieredtriction over 12-weeksin overweight sedentary women
with T2DM significantly decreased fetuin-A levels (-133.3ig/mL,
p=0.038) (Choai etd., 2013). Primary findingsa soindicated adecrease
in gpo-B (-0.08g/l, p=0.007) and low-dengity lipoproteins (-0.3mM,
p=0.47) demondrating a decrease in cardiovascular disease risks.
Concerning postmenopausa women, adecreasein goo-B may hepto
lessen the degree of intra-abdominal fat accumulation and low-grade
inflammation. Alsoinreation to favorable decreasesin abdominal fet,
adiponectin was increased 2.96% (p=0.021). A 9-month longitudinal
study showed that by reducing totd dietary fat and intake of saturated
fat, subsequent decreasesin mean liver fat and fetuin-A plasmalevels
were demongtrated in hedlthy Caucasian individuas without diabetes
(Stefanetd., 2006). Thisresult wasindependent of significant decreases
inbody fat. A correlationd anaysisof the data.collected dso showed a
strong association between fat on the liver and increases in fetuin-A
rdease

Therolethat cdorierestriction playsin decreasing fetuin-A may be
independent of weight loss. Many postmenopausal women are not
obese, yet have increased intra-abdomind fat (DeNino et d., 2001),
insulin resstance and CVD (Manco et d., 2006) compared to their
premenopausa years. It is important for future research studies to
observefetuin-A changesdueto dietary interventionin obeseand non-
obese women. Perhaps the link between inflammation and fetuin-A
could be better understood in this differentiation.

Exercise

Several exercise-centered studies have shown promising
improvementsinfetuin-A plasmacontent. Overadl, fetuin-A ishigherin
sedentary individuals, absent of disease, in comparison to those who
werehighly active (Jenkinset d., 2011). Another primary findinginthis
study was fetuin-A was 20% higher in low-active men compared to
age-matched high-activemen and inversdly related to VO2 maximum
oxygen uptake.

Inmiddleaged menwith non-acoholicfatty liver diseese(NAFLD),
7-days of aerobic exercise at 85% maximum heart ratefor 60 minutes
drametically decreased fetuin-A levels, insulin resistance (29%) and
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glucose tolerance (13%) (Madin et al., 2013). These results were
independent of weight loss. Moreover, fourteen nondiabetic, obese
women did not show changesin fetuin-A levels after 6-weeksof sdlf-
regul ated aerobic exercise performed 3-days per week despiteadecresse
in body fat content and waist circumference (Schultes et d., 2010).
Whileweight lossstudiesmay show therelationship betweenfetuin-A
and inflammation, theimprovement with exercise may show therole
that fetuin-A playsin skeletal muscleinsulin-resistance.

Inathree-month combined aerobic and res stancetraining program,
individudsdid not dter their levesof fetuin-A (Yanget d., 2011). The
exerciseprotocol condsted of 45-minutesof aerobicexerciseat 60-75%
of age-predicted maximum heart rateand 20-minutesof ressancetraining
five-days per week. Arterid stiffnesswasimproved, but fetuin-A was
unchanged. Thismay indicatethat an dteration infetuin-A levelswith
an exercise intervention maybe dose and intensity-responsive rather
than weight-loss dependent. More research isneeded in thisarea.

Exercise and hedthy dieting has been proven to be beneficid in
preventing or attenuating al of the previoudy mentioned diseases.
Weight losshasoftenbeenadeterminant for exerciseand diet effectiveness
in hedthy and diseased-individuas. The focus solely on weight loss
might havemorenegetiveimpect thenwasoncethought. Infact, fragility,
after theageof 65leadstoincreased mortdity in comparisonto obesity
(Cao, Moineddin, Urquia, Razak, & Ray, 2014). Itisthereforegpparent
that other biomarkers in preventing and treating postmenopausal
conditionsneed to beestablished. Theimpact of formulating anutrition
and or exerciseintervention that decressesfetuin-A level shasimportant
implications in individuals more susceptible to these diseases and/or
conditions, such as postmenopausal women.

Future Sudies

Future studies are needed to determine the levels and types of
populations in which fetuin-A crosses the threshold from being
protectiveagaing calcificationto being aprecursor toincreasedinsulin
resgtance, inflammation and cardiovascular events. A standardization
of fetuin-A assaysisneeded in order to validate findings. Thiswould
help further explain differentiating concentrationsof fetuin-A and help
toconfirmif low levelsareindesd protectiveand highlevel saredetrimentdl.
In addition, establishing normal, low and high levels of fetuin-A is
warranted to judtify daimsof high and low levelsin theliterature.

Second, fetuin-A levels before and after menopauise need to be
determined to further explain the increased risk of disease in
postmenopausa women. Postmenopauisal women areavery vulnera:
blepopulationto CV D, T2DM and metabalic syndrome. Understanding
thelevesof fetuin-A inthispopulation and drawing links between the
possible association with disease would be pivota for ressarchin this
areaand possibleinterventionsto achieveoptima levels. Onceoptimal
levels are established in various populations and diseases, fetuin-A
could beatarget blood marker inclinica settings.

Last, randomized controlled-trids in exercise and nutrition
interventionsneedto bestudiedtoinfer causd relaionshipswithfetuin-
A and previoudy mentioned disease-processes. Mogt interventional
studies pertaining to exercise and fetuin-A are cross-sectiond. More
controlled studies with interventions varying in exercise duration and
intengity would helpto clear up any discrepancieswith exerciseandthe
possiblebeneficid effectsonfetuin-A levels. Inaddition, frequency and
intensity-specific exercise protocol need to be compared in their
dterations of fetuin-A in diseased and hedthy populaions. Studies of
thisnaturewould aso helpto establish better or moreprecisenormetive,
hedlthy levelsof plasmafetuin-A concentrations.

Conclusions

Itisgpparent that postmenopausa women areat increased risk for
insulin resstance, hyperinsulinemia, metabolic syndrome and CVD.
Thepotentid rolethat fetuin-A playsinintra-abdomina redistribution,
insulinresistance, inflammatory markersand CV D isvast and not fully
understood. The positive correlation with age and negetive correlaion
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with physica activity thet has been displayed with levels of fetuin-A
meakesit anovel plasmatarget for disease prevention and/or trestmen.
In postmenopausal women who are susceptible to insulin resistance,
metabolicsyndromeand CV D, thishiomarker may shedlight oneffective
interventions. It is gpparent that more research is needed in order to
Sandardize target fetuin-A levelsin postmenopausal women.

The protective and exacerbating effects of fetuin-A seem to be
dose-respondent and further research isneeded to fully understand this
mechanism. Due to the strong association with increased fetuin-A in
ol der women, inactiveindividuals, obese patientsand individua swith
insulin resstance, NAFLD and T2DM, it is gpparent that further
investigation would help explain the mechanisms behind the role of
fetuin-A. Inaddition, establishing parametersof low and high fetuin-A
levels may help to make this glycoprotein applicable in the dlinica
Stting.

Exerciseand dietary interventionshavebeen showntolower fetuin-
A levels. Someof thesameinterventionsare currently used to decrease
cardiometabalicrisksand improvehedthin menandwomen. Therole
that fetuin-A playsin amdiorating risks and/or improving hedth has
yet to be fully ducidated. Thisis particularly true in postmenopausal
women.
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