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The Role of Fetuin-A in Disease Processes Prevalent in Postmenopausal Women
El papel de la fetuina A en los procesos de enfermedad prevalentes en mujeres posmenopáusicas

Annie A. Bane & Peter W. Grandjean
Baylor University, USA

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-abdominal 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-factorial and the
mechanisms in which it is involved in each of these processes are vast. The present body of literature is inconsistent 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 prevalent 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 propósito de esta revisión es sintetizar el papel de la fetuina A en los procesos de enfermedad prevalentes en mujeres posmenopáusicas
y resumir las intervenciones efectivas que permiten obtener niveles saludables de fetuina A. Para ello, se revisaron bases de datos con artículos
relacionados con fetuina A y las enfermedades asociadas con mujeres posmenopáusicas. La búsqueda de artículos se limitó a aquellos de texto completo
publicados en el idioma inglés desde el año 1944. Se encontró que altos niveles de fetuina A están íntimamente relacionados con una reducción de la
densidad mineral ósea, un aumento en el riesgo de enfermedad cardiovascular, deterioro de la señalización de la insulina y la alteración del funcionamiento
de los adipocitos. Las mujeres posmenopáusicas tienen un mayor riesgo de osteoporosis, enfermedad cardiovascular, resistencia a la insulina, acumulación
de grasa intra abdominal y calcificación vascular. Se ha demostrado que niveles bajos de fetuina A son protectores contra esta última condición. El papel
de fetuina A es multifactorial y los mecanismos en los que está involucrado en cada uno de estos procesos son muy amplios. El estado actual de la literatura
no es consistente en la definición de niveles de fetuina A altos versus bajos y su asociación con controles sanos. Las enfermedades asociadas con altos
niveles de fetuina A asemejan las enfermedades más prevalentes en mujeres posmenopáusicas. Además, no existen investigaciones, hasta la fecha, en
las que se   exploren los niveles de fetuina A en mujeres posmenopáusicas y las asociaciones que puede o no puede tener en las enfermedades relacionadas.
Palabras claves: fetuina A, glicoproteína Alpha2-Heremans-Schmid, enfermedad cardiovascular, adulto mayor, resistencia a la insulina, grasa intra
abdominal, síndrome metabólico, ejercicio, pérdida de peso, restricción calórica, posmenopausia.
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Introduction
Fetuin-A is a circulating glycoprotein that plays a critical role in

bone homeostasis (Price, Toroian, & Lim, 2009), prevention of vascular
calcification (Schäfer et al., 2003), impairment of insulin signaling (Goustin
& Abou-Samra, 2011) and disruption of adipocyte functioning (Rasul,
Wagner, & 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 levels of fetuin-A have been associated with diseases
such as type-2 diabetes mellitus (T2DM), obesity (Schultes, Frick,
Ernst, Stefan, & Fritsche, 2010) and metabolic syndrome (Ix et al.,
2006). An increase in myocardial infarction and stroke are also positively
correlated with increased fetuin-A blood concentrations (Ix, Wassel &
Kanaya et al., 2008). Low levels, however, have been linked to both
detrimental and beneficial health effects (Mehrotra, 2007; Price et al.,
2009). Higher mortality rates in patients with chronic kidney disease
(CKD) have been closely linked to low circulating fetuin-A (Mehrotra,
2007). Conversely, low levels have a potentially protective effect on
arterial calcification in non-CKD patients (Schäfer et al., 2003).

High-levels of fetuin-A seem to be of utmost concern in populations
at higher risk of diabetes and cardiovascular disease (CVD). In addition
to being at higher risk than pre-menopausal women and age-matched
men for diabetes and CVD, postmenopausal women have decreased
bone mineral density and increased abdominal fat (Tchernof, Toth, &
Poehlman, 1999). The negative health impact that occurs in these women
can adversely affect quality and quantity of life. In fact, the risk of
CVD, insulin resistance and metabolic syndrome have been shown to
rise substantially in postmenopausal women compared to age-matched
premenopausal women (Janssen, Powell, Crawford,  Lasley, & Sutton-
Tyrrell, 2008; Lemieux, Prud’homme, Bouchard, Tremblay, & Després,

1993; Sutton-Tyrrell et al., 2005). A decrease in ovarian production of
estrogen and progesterone has been linked to an increase in insulin
resistance (Sathya Bhama, Balaji & Seethalakshmi, 2012), intra-abdo-
minal fat (Tchernof, Calles-Escandon, Sites, & Poehlman, 1998) and
increased inflammatory markers (Hennige et al., 2008), all of which are
associated with metabolic syndrome and/or cardiovascular disease.

Studies determining fetuin-A levels in postmenopausal women are
non-existent. High levels have been reported in women with T2DM
(Ley et al., 2014), polycystic ovary syndrome (Enli, Fenkci, Fenkci, &
Oztekin, 2013), morbid-obesity (Brix et al., 2010) and obesity (Schultes
et al., 2010). Postmenopausal women, particularly, have the highest
prevalence of these diseases combined.

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. The role
that fetuin-A plays in adipocyte functioning, insulin resistance,
inflammation and CVD will be explained. In addition, the physiological
alteration that postmenopausal women demonstrate in all of these
areas will also be addressed. The importance of this literature review is
to initiate a discussion in the importance of fetuin-A’s role in menopause-
related diseases and to find interventions that make this population less
susceptible to these health complications.

This review of literature included searches of the databases PubMed,
Medline, EBSCOhost, Google Scholar and Academic Search Complete
for related articles published in English since 1944. Search terms included:
fetuin-A or Alpha2-Heremans-Schmid glycoprotein in combination with:
cardiovascular disease and elderly, insulin-resistance, intra-abdominal
fat, metabolic syndrome, exercise, weight-loss, calorie restriction and
postmenopausal. There are currently no papers (reviews or original
research) that look specifically at postmenopausal women and levels of
fetuin-A. Due to the lack of research done in the area, a subsequent
search was done to provide a review on fetuin-A-related diseases and
postmenopausal women. Search terms included: postmenopausal and
premenopausal in combination with insulin resistance, cardiovascular
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disease, intra-abdominal fat and calcification. Papers were included that
pertained to diseases and/or conditions in which postmenopausal
women are most susceptible to.  Eighty-nine articles were included in
this review, of which, 38 were original research about fetuin-A, 3 were
a review of fetuin-A in cardiovascular disease, 1 was a review of
measurements of fetuin-A ELISA kits, 22 included a review on the
menopausal prevalence of disease and/or hormonal changes, 14 were
original research with menopause and insulin resistance or metabolic
syndrome, 3 were longitudal studies with menopause and heart disease
and 8 were pertaining to menopause and central-fatness and/or intra-
abdominal fat.

The lack of research regarding fetuin-A and postmenopausal women
was very limiting in compiling this review. The lack of research in
homogenous populations made it difficult to compare interventions
and their effectiveness in lowering fetuin-A. Moreover, the inconsistency
of categorized concentrations of low versus high fetuin-A levels made
studies hard to compare. In addition, linking diseases associated with
menopause and mechanisms of fetuin-A has not been done. The
assortment of literature for menopause and related diseases are vast, yet
fetuin-A and menopause is non-existent in current literature.

Physiological Function of Fetuin-A
Fetuin was first isolated from bovine serum in 1944 (Pedersen, Kai

O, 1944). The human form of fetuin is known as Alpha2-Heremans-
Schmid glycoprotein (AHSG). Structurally, this glycoprotein has binding
sites for hydroxyapatite (Heiss et al., 2003) and transforming growth
factor-Beta (TGF-Beta) (Demetriou, Binkert, Sukhu, Tenenbaum, &
Dennis, 1996), which help to partially explain fetuin-A’s role in bone
homeostasis and inflammation. Hydroxyapatite is a major component
and essential ingredient for normal bone and teeth development and
maintenance.  The TGF-Betas are pleiotropic cytokines, which are
implicated in a wide variety of cell functions, critically regulating
inflammation, extracellular matrix deposition, cell proliferation,
differentiation and growth (Dobaczewski, Chen, & Frangogiannis, 2011).
Fetuin-A is rapidly downregulated under acute inflammation and, thus,
classified as a negative acute-phase protein (Gangneux et al., 2003).
Acute inflammation occurs minutes following injury of tissues when
blood flow, permeability and migration of neutrophils are increased
(Kumar, Abbas, Fausto, & Mitchell, 2012). Acute injury can occur
after infections, thermal injury (sunburn), splinters and gastric ulcers.
Interestingly, in diseases where chronic inflammation is a notable
characteristic, as in obesity, CVD or T2DM, fetuin-A is upregulated
(Choi et al., 2013; Rasul et al., 2012).

The multi-factorial function of fetuin-A might be further explained
by the phosphorylated form of the glycoprotein.  Fetuin-A present in
blood exists in both active (phosphorylated) and inactive
(dephosphorylated) forms. Apart from its role in bone regulation, fetuin-
A must be phosphorylated to be physiologically active in mammals
(Haglund, Ek, & Ek, 2001). The partially-phosphorylated forms have
been shown to inhibit insulin-induced autophosphorylation of the insulin
receptor in insect cells (Srinivas et al., 1996). Further, a partially-
phosphorylated form has been identified in humans (Jahnen-Dechent,
Trindl, Godovac-Zimmermann, & Müller-Esterl, 1994). Fetuin-A has
been shown to be modified through various means. Modification of
fetuin-A is related to N-linked and O-linked glycosylation (Gejyo et al.,
1983). This very modification of fetuin-A may help to explain the
differing roles fetuin-A plays at different concentrations.  Fetuin-A
measurements in humans are only taken from the phosphorylated and
not modified form. The in vitro modifications of fetuin-A (Schinke et
al., 1996) may help explain the plasma-concentration discrepancies in
physiological functioning and disease in human plasma.

Concentrations of Fetuin-A
The average fetuin-A plasma concentration in adults is

approximately 300 µg/mL (Haglund et al., 2001). Exact high and low
concentration thresholds in relation to disease are yet to be determined.
A comparison of studies reporting on conditions and/or diseases

addressed in this review and their corresponding fetuin-A levels are
reported in Table 1. The highest fetuin-A value measured (900µg/mL)
was in a correlational study evaluating the relationship between visceral
fat content and fetuin-A in elderly subjects (73±3) (Ix et al., 2009).
Fetuin-A levels in individuals with morbid obesity (877+318µg/mL),
coronary artery disease (640+13µg/mL) (Ix et al., 2006), obesity (440µg/
mL) (Schultes et al., 2010) and peripheral artery disease and T2DM
(411.19+163µg/mL) (Lorant et al., 2011) were well above the normal
concentrations.  Interestingly, all studies included in Table 1 described
fetuin-A levels as high, yet the remaining fell below the normal ranges
reported in adults. The lowest fetuin-A level reported in a diseased
cohort (230.2+135.9µg/mL) was in a cross-sectional study evaluating
arterial stiffness in women (41+10 years of age) (Yang et al., 2011).
Other sub-300µg/mL levels included studies evaluating myocardial
infarction and ischemic stroke (Weikert et al., 2008), hyperinsulimenia
(Stefan et al., 2006) and T2DM with and without atherosclerosis (Emoto
et al., 2010).

Very few studies examined fetuin-A levels in diseased versus non-
diseased states. In fact, only studies examining myocardial infarction
and ischemic stroke (Weikert et al., 2008), morbid obesity (Brix et al.,
2010) and peripheral artery disease in T2DM (Lorant et al., 2011) were
matched with a healthy-controlled counterpart.  Interestingly, high levels
of fetuin-A were used to describe all diseased/conditions displayed in
Table 1. All reported significant differences in concentrations of disease
in comparison to healthy-controls.

Perhaps a more definitive concentration of what is considered
healthy-normal and observed normal levels of fetuin-A would be better
understood. This would help to strengthen the definition of high and
low fetuin-A levels in studies without healthy, non-diseased counterparts.

Endocrinal Changes in Menopause
The endocrinal changes that occur in postmenopausal women have

a steep decline in hormone levels and have been associated with adverse
health issues. Particularly, the decrease in ovarian production of estrogen
and progesterone has been linked to an increase in insulin resistance
(Simpson, Merrill, Hollub, Graham-Lorence, & Mendelson, 1989),
hyperinsulinemia (Tchernof et al., 1998), intra-abdominal fat (Sathya
Bhama et al., 2012) and increased inflammatory markers (Lemieux et
al., 1993), all of which are associated with metabolic syndrome and/or
CVD. Estrogen has also been shown to promote insulin sensitivity and
reduce cardiovascular risk by decreasing the visceral fat accumulation
and favoring gluteal deposits in a longitudinal study with menopausal

Notes: All studies  included in the table report high levels of fetu in-A. T2DM=type-2 diabet es mellitus . n /a 
indicates  that  a control or comparison group was  not used.  NAFLD=non-alcoholic fatty liver disease

(Lorant et al., 
2011)

n=107
men=39
women=68

356.45±125.59µg
/mL (p<0.001)

411.19±163µg/m
L62.2±4.9Peripheral Artery 

Disease + T2DM

(Yang et al., 
2011)

n=40
men=0
women=40

n/a230.2±135.9µg/m
L45.3±9.5Arterial Stiffness

(Brix et al., 
2010)

n=75
men=11
women=64

295±61µg/mL
(p<0.001)877±318µg/mL41±10Morbid Obes ity

(Emoto et al., 
2010)

n=223
men=134
women=89

n/a281.5±64.6µg/m
L64.0±6.2T2DM

(Emoto et al., 
2010)

n=416
men=262
women=154

n/a262.6±56.7µg/m
L65.8±6.9T2DM & 

Atherosclerosis

(Malin et al., 
2013)

n=13
men=11
women=2

n/a420µg/mL50.5±3.4NAFLD

(Stefan et al., 
2006)

n=106
men=50
women=56

n/a269±11µg/mL45±1Hyper-insulinemia

(Ix et al., 
2007)

n=168
men=87
women=81

226.9±1.1µg/mL
(p<0.001)248.7±4µg/mL55.9±0.66Ischemic Stroke

(Ix et al., 
2007)

n=227
men=163
women=64

226.9±1.1µg/mL
(p<0.001)253.6±3.5µg/mL54.5±0.58Myocardial 

Infarction

(Schultes et 
al., 2010)

n=14
men=0
women=14

n/a440µg/mL43.2±3.2Obesity

(Ix et al., 
2006)

n=711
men=583
women=128

n/a640±13µg/mL67±10Coronary Artery 
Disease

(DeNino et 
al., 2001)

n=508
men=132
women=376

n/a900µg/mL73±3Visceral  adiposity in 
Elderl y

ReferenceSample SizeFetuin-A Levels 
in ControlsFetuin-A LevelsAgesCondition

Table 1.
Fetuin-A levels reported in va rious diseases and conditions.
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women (Williams et al., 1996).
In past studies, estrogen therapy has been shown to decrease

coronary heart disease (Williams, Adams, & Klopfenstein, 1990). Recent
studies, however, show that hormone replacement treatment has been
shown to be ineffective in preventing cardiovascular disease events and
may, in fact, increase the risk of stroke and venous thromboembolic
events (Main et al., 2013).  Hormone replacement therapy is a
combination of estrogen and progesterone, however, and not estrogen
alone. Fertile women are most protected from cardiovascular disease
among adults (Vaccarino et al., 2011). The protective mechanisms that
estrogen may have on cardiovascular disease has been shown to attenuate
cardiovascular oxidative stress two-fold: first, by preventing generation
of reactive oxygen species and second, by scavenging reactive oxygen
species in the myocardium and in the vasculature (Arias-Loza,
Muehlfelder, & Pelzer, 2013).

There are no studies, to the authors knowledge, that exist that show
correlations between estrogen reduction and changes in fetuin-A levels.
An indirect relationship between fetuin-A and estrogen can be inferred
due to the increased prevalence of disease in women who experience
rapid declines in estrogen due to menopause.

Factors Influencing Fetuin-A
There are a range of factors influencing fetuin-A and the roles this

glycoprotein may play in various diseases and/or conditions. Fetuin-A
has shown to be protective against atherosclerosis at low levels (Schäfer
et al., 2003). High levels have been shown to increase various CVD risk
factors (Weikert et al., 2008).  In addition, insulin resistance (Catalano et
al., 2008) and increased intra-abdominal fat (Hennige et al., 2008) have
been associated with high levels. In this section, a summary of fetuin-
A’s role in numerous diseases and/or conditions and their paralleled
prevalence in postmenopausal women are addressed.

Cardiovascular Disease
The roles of fetuin-A in cardiovascular disease seem to be contrasting

in various pathogenetic mechanisms such as calcification, inflammation
and insulin resistance (Weikert et al., 2008). Although low levels of
fetuin-A have been shown to have a protective effect against calcification
(Schäfer et al., 2003), high levels have been associated with increased
risk of cardiovascular disease (Choi et al., 2013). High fetuin-A levels
had an approximate 4-fold increase in the risk for myocardial infarction
and stroke compared to patients presenting low fetuin-A levels in a 8-
year follow-up case-cohort study of over 27,000 individuals who
averaged 54 years of age (Weikert et al., 2008).

Arterial stiffness has also been associated with high-levels of fetuin-
A. An association between increased fetuin-A and metabolic syndrome
phenotypes and atherogenic lipid profile in 711 non-diabetics with
coronary artery disease was demonstrated (Ix et al., 2006). After dividing
the patients into quartiles based on levels of fetuin-A, there were also
associations with high levels of fetuin-A and increased hypertension,
body mass index, inflammatory markers, low-density lipoproteins,
triglyceride concentrations and lower high-density lipoproteins. While
low fetuin-A levels in younger men have been shown to be associated
with decreased cardiovascular markers such as high blood pressure and
cholesterol (Hennige et al., 2008) a case cohort study showed that in
subjects with low-cholesterol, fetuin-A may be more closely associated
with cardiovascular disease.  Low levels have also been associated with
peripheral artery disease in T2DM (Eraso et al., 2010). The link between
fetuin-A and inflammation has also been shown in individuals with
carotid arterial stiffness (Mori et al., 2007).

CVD increases substantially after the transition of menopause.
Premenopausal women appear to be protected from cardiovascular
disease compared with men of the same age, a finding that is similar to
insulin resistance in young age-matched males and females (Lejsková,
Alušík, Suchánek, Zecová, & Pitha, 2011). In a nine-year follow-up
study, cardiovascular metabolic risk in postmenopausal women was
found independent of other cardiovascular disease risk factors (Ramezani
Tehrani, Behboudi-Gandevani, Ghanbarian, & Azizi, 2014). Primary

findings of this study revealed women who had experienced menopause
compared to those who had not, showed increased serum concentrations
of low-density lipoproteins and total cholesterol. It is well-established
that the risk of CVD increases as age increases. The occurrence of
cardiovascular disease, however, is different in men versus women. In
fact, the average onset of cardiovascular disease is delayed ten years in
women compared to age and health-risk matched men (Kim & Reaven,
2013). Statistics from industrialized nations from 2007 show than
more women than men die of cardiovascular disease (Rosamond et al.,
2007). The acceleration of the development of CVD in women has
largely been attributed to adverse health complications due to menopause.

Calcification
The beneficial effects of low levels of fetuin-A have been shown to

inhibit spontaneous calcium phosphate precipitation, acting as a
protective mechanism for atherosclerosis and peripheral artery disease
(Schäfer et al., 2003). It has been proposed this is due to fetuin-A’s
involvement in bone homeostasis (Heiss et al., 2003). In a homeostatic
bone, less calcium phosphate precipitation means that less calcium is
being pulled from the bone, decreasing the calcification of blood vessels.
An inverse association with the presence of atherosclerotic calcified
plaques and fetuin-A plasma levels in humans has been presented
(Emoto et al., 2010).  Animal studies have also shown low levels of
fetuin-A to be an inhibitor of vascular calcification (Schinke et al., 1996).

In patients with End Stage Renal Disease (ESRD) low levels of
fetuin-A were associated with increased cardiovascular and all-cause
mortality. The increased vascular calcification in patients with renal
disease with low fetuin-A levels is likely to be the mechanism for
increased mortality in ESRD patients (Mehrotra, 2007). Hemodialysis
has been shown to independently decrease fetuin-A levels (Stout, 1990),
possibly decreasing them past the threshold of optimal levels for
calcification protection. Individuals with mitral and aortic calcification
and stenosis have shown an inverse relationship with fetuin-A (Ix et al.,
2007).  In this study, levels of fetuin-A were not labeled as «high» or
«low». In fact, fetuin-A levels ranged from 590-700 ìg/mL. As seen in
Table 1, these levels would be considered high in many cases. These
findings may shed light on the importance of fetuin-A in bone-
homeostasis to prevent calcification of arteries, especially in diseased
states. The level in which bone-homeostasis is optimal has not been
studied. In the absence of CKD fetuin-A is associated with plaque
stability (Beckman, Ganz, Creager, Ganz, & Kinlay, 2001; Huang et al.,
2001). High levels have been associated with coronary artery calcification
in patients with T2DM (Mehrotra et al., 2005). Primary findings were
that serum fetuin-A showed significant positive correlations with arterial
stiffness measured by brachial-ankle pulse wave velocity, systolic blood
pressure, total cholesterol and inflammatory markers. More research is
warranted in this area to determine the protective effects in specific-
populations.

The role that fetuin-A plays in cardiovascular diseases is debated in
the literature. Though few reviews exist, a thorough examination of the
multiple functionality of fetuin-A in the exacerbating and protective
factors in the cardiovascular system is examined (Mori, Emoto, &
Inaba, 2012). The conclusion was that fetuin-A had an exacerbating
effect on insulin-resistance at high-levels in the blood and a protective
effect by inhibiting calcification at low levels. Specific levels, however,
were not examined. Limitations, however, are shown to be in the fetuin-
A assay reliability, which may explain the contradictory findings in the
literature (Smith et al., 2010).

Insulin Resistance
The health impact of insulin resistance are vast and include

complications from diseases such as breast cancer, cardiovascular disease
and metabolic syndrome (Catalano et al., 2008).  The association between
Fetuin-A and insulin resistance has been shown in human and animal
models (Mathews et al., 2002). Fetuin-A has been found to inhibit
insulin receptor tyrosine kinase activity (TKA) in mice (Mathews et
al., 2002) and humans (Srinivas et al., 1996). TKA plays an essential
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role in insulin signaling and may help to explain why fetuin-A knockout
mice show enhanced glucose sensitivity and clearance, resistance to
weight gain (on a high fat diet), decreased serum free-fatty acid levels
and decreased body fat compared to controlled mice (on the same high
fat diet) (Mathews et al., 2002). Due to this finding, it has been suggested
that fetuin-A might be a novel therapeutic target for the treatment of
T2DM, obesity and other insulin-resistant conditions.

 In humans, high fetuin-A levels were associated with insulin
resistance and fat accumulation in the liver in 106 Caucasian subjects
without T2DM (Stefan et al., 2006). Individuals with high fetuin-A
levels showed impaired glucose tolerance compared to subjects with
normal glucose tolerance after adjusting for age, sex and body fat
percentage. After 7-days of aerobic exercise (60-min/day at ~85%
maximum heart rate), fetuin-A levels decreased substantially (11%,
P<0.05) and insulin sensitivity was significantly increased (29%, P<0.05)
in obese men with non-alcoholic fatty liver disease (NAFLD) (Malin et
al., 2013). Similarly, high levels of fetuin-A predict risks of developing
T2DM (Rasul et al., 2012) independent of diabetes or glucose levels. A
strong association and/or relationship is, therefore, reasonably drawn
between fetuin-A and insulin resistance.

The steep decline in estrogen in this population has been closely
linked with an increase in insulin resistance. In fact, previously untreated
postmenopausal women given oral estrogen therapy improved insulin
sensitivity and pancreatic insulin responses to glucose 18-months after
treatment (Sutton-Tyrrell et al., 2005). Animal studies have also
demonstrated the correlation between insulin resistance and estrogen
levels in females. A cessation of female hormone production in mice and
rats post an ovariectomy is associated with reduction in insulin sensitivity
(Meier & Garner, 1987; Puah & Bailey, 1985; Rincon et al., 1996). In a
large 9-year follow-up study, glucose-impaired older women (~71 years
of age) displayed higher fetuin-A levels compared to age matched-
women with normal-glucose tolerance (Ramezani Tehrani et al., 2014).
In addition, older glucose-impaired men’s fetuin-A levels did not differ
from their matched normal glucose-tolerant counterparts. Therefore,
fetuin-A may be a greater influence in the development and/or predictor
of T2DM in older women, but not men.

It has been shown that fertile women display the highest insulin
sensitivity among adults (Manco et al., 2006). In an age-grouped
comparison, non-obese women with a mean age of 67 ± 6 years were
significantly less insulin sensitive in comparison to non-obese women
in other age-grouped cohorts (28-53 years of age) (DeNino et al., 2001).
A longitudal comparison (6 years) of metabolic changes in women who
experienced menopause with age-matched women who did not concluded
that natural menopause was associated with a worsening metabolic
profile (Poehlman, Toth, & Gardner, 1995). In comparison to the women
who did not experience menopause, the postmenopausal group had
reduced energy expenditure (postmenopausal:-103 ± 55 kcal/d and
premenopausal: - 8 ± 17 kcal/d, P<0.01), accelerated loss of fat-free
mass (postmenopausal:—3.0 ± 1.1 kg and postmenopausal:—0.5 ±
0.5 kg) and elevated fasting insulin levels (postmenopausal:-11 ± 9
pmol/L and postmenopausal:-2 ± 5 pmol/L, P<0.01) (Poehlman et al.,
1995). Fetuin-A levels were not measured in this study.

It is therefore apparent that fetuin-A and its role in insulin resistance
could serve as an important biomarker in postmenopausal women. The
increased incidence of insulin sensitivity in this population is prominent.
More research is needed to understand the mechanisms behind the
relationship between fetuin-A and insulin resistance.

Hyperinsulinemia is associated with hypertension, obesity,
dyslipidemia and glucose intolerance (Modan et al., 1985). In addition,
hyperinsulinemia may increase cardiovascular disease risk (Reaven,
1997; Stout, 1990). Postmenopausal women, in particular, have increased
development of hyperinsulinemia compared to premenopausal women
(Gupta et al., 2008). The hormonal changes associated with menopause
decrease progesterone levels markedly (Tchernof et al., 1998) and
common treatments for menopause include progesterone (Spark &
Willis, 2012). Progesterone has been shown to independently cause
hyperinsulinemia and insulin resistance (Beck, 1969; Kalkhoff, Jacobson,

& Lemper, 1970). The mechanisms underlying the association between
insulin resistance and hyperinsulinemia and cardiovascular disease are
still debated. It has been speculated that hyperinsulinemia may require
the presence of insulin resistance to increase the risk of cardiovascular
disease or may act independently on atherosclerosis (Modan et al.,
1985). In a retrospective analysis of the European Group for the Study
of Insulin Resistance database, hyperinsulinemia was the best predictor
of cardiovascular disease risk score (Manco et al., 2006). In this study,
whole-body glucose, insulin concentration, body composition, blood
pressure and blood lipid levels were measured in 523 normal and
overweight patients. After adjustments for fat free mass, it was determined
insulin levels rather than insulin resistance may be a better predictor of
CVD risks.

The link between CVD risks, hyperinsulinemia and insulin
resistance in postmenopausal women in apparent. The relationship
that hyperinsulinemia and insulin resistance have in atherosclerosis
needs further investigation. In addition, measuring levels of fetuin-A
and their role in these processes could help shed light on the
understanding of this glycoprotein and its protective and/or detrimental
mechanisms.

Intra-Abdominal Fat
Fetuin-A, metabolic syndrome and hypoadiponectinemia are all

strongly associated with low-grade chronic inflammation and increased
intra-abdominal fat (Golden et al., 2007; Matsui et al., 2013; Stefan et
al., 2006). Moreover, subclinical inflammation has been shown to be a
critical factor in development of atherosclerosis, cardiovascular disease
and metabolic syndrome. Metabolic syndrome (Berg et al., 2004;
McKinlay, Brambilla, & Posner, 1992) and abdominal adiposity
(DeNino et al., 2001) in women is accelerated during the menopausal
transition. Fetuin-A induces inflammatory cytokines related to these
conditions by repressing adiponectin production in animals (Hennige
et al., 2008). Adiponectin is an anti-inflammatory agent that is produced
by fat and is important for the metabolism of glucose and fatty acids
(Sathya Bhama et al., 2012). Adiponectin plays an important role in the
increased sensitivity of the muscle and liver to insulin. In fact, low-
serum adiponectin levels cause intra-abdominal weight gain and thus,
are indirectly associated with insulin resistance and metabolic syndrome
(Williams et al., 1996).

There are multiple mechanisms behind this association and are
only briefly summarized here. The presence of abdominal fat is highly
lipolytic, releasing high levels of fatty acids in circulation (Mauriège,
Prud’homme, Lemieux, Tremblay, & Després, 1995). In turn, high
levels of free fatty acids in the portal vein, specifically, can increase the
secretion of triglyceride-rich lipoproteins and apolipoprotein (apo-B)
by the liver (Björntorp, 1990). High levels of free fatty acids are not
only associated with increased abdominal fat and hyperinsulinemia,
they are also a result of insulin resistance. This in turn effects apo-B and
reduces the plasmatic activity of lipoprotein lipase. This can lead to
high triglycerides and low high density lipoprotein cholesterol
dyslipidemia and the promotion of small, dense LDLs (Lemieux &
Després, 1994). The association with this metabolic profile is closely
associated with an array of cardiovascular diseases.

In a study with human monocytes and mice, fetuin-A exerted
strong pro-inflammatory effects as well as provoked cytokine expression
(Hennige et al., 2008). In this study, mice treated with fetuin-A increased
adipose tissue inflammatory markers significantly. This increase showed
plasma fetuin-A levels and metabolic syndrome may be the result of
fetuin-A induced suppression of adiponectin production. This
mechanism may help to explain high levels of fetuin-A in older individuals
with increased visceral fat content (Ix et al., 2009).  This study was
comprised of a majority of female participants (74%) that were 73±3
years of age. Although controls were not used, a strong correlation was
demonstrated between abdominal fat and fetuin-A levels of 900 ìg/mL,
a level 3-times higher than what is considered to be normal.

A worsening metabolic profile was found in women who experienced
menopause in comparison to age-matched counterparts who had not
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(Mori et al., 2012). Women who experienced menopause had significant
increases in central adiposity. This was determined by a waist-to-hip
ratio increase, in comparison to a 6-years baseline (pre: +0.01 ± 0.01
and post: +0.04 ± 0.01, p<0.01) (Poehlman et al., 1995). This may
suggest that the association of visceral adipose tissue with age is
accelerated with the onset of menopause. It is also noteworthy that
body weight did not change significantly among groups (pre: -1.0 ± 1,
post: 0.5 ± 1.1); however, body composition differences were significant
(pre: +2 ± 0.5% body fat, pre: +3.7±0.5% body fat, p<0.01).  Moreover,
women who experienced menopause lost more fat-free mass compared
to age-matched women who did not experience menopause (-0.5 ± 0.5,
post: -3.0±1.1, p<0.01) (Poehlman et al., 1995). These changes may
help mitigate the worsening cardiovascular and metabolic risk profile
associated with menopause.

The accentuated storage of excess fat in the abdominal area may
augment the development of hepatic insulin resistance (Williams et al.,
1996). Adverse health concerns associated with central obesity in a
correlational study of 455 normoglycemic normotensive
postmenopausal women included a positive correlation with age, BMI,
fasting plasma glucose, triglycerides, insulin, blood pressure, homeostatic
model assessment of insulin resistance (HOMA-IR), aortic and
peripheral pulse wave velocity (Park et al., 2010). In these same women,
a negative correlation with central obesity and high-density lipoprotein
levels and adiponectin was shown (Park et al., 2010).

In two studies investigating the endocrine characteristics (Després
& Marette, 1994) and metabolic complications (Lord & Wilkin, 2002)
in polycystic ovary syndrome phenotypes, central distribution and
accumulation of adipose tissue and insulin resistance was shown to be
important components in metabolic abnormalities strongly correlated
with coronary heart disease. When comparing two patterns of fat-
distribution in the abdominal region versus the gluteo-femoral region,
abdominal region was only associated with dyslipidemia and insulin
resistance (Després & Marette, 1994).  The alteration of hormonal
balance contributes to an increased visceral fat deposition (Kalish, Barrett-
Connor, Laughlin, & Gulanski, 2003) which in turn is associated with
insulin resistance and increased cardiovascular disease in postmenopausal
women (Kahn et al., 2001).  Deposition of intra-abdominal fat through
the menopausal transition has also been associated with alterations of
the lipoprotein profile and carbohydrate metabolism (Costrini &
Kalkhoff, 1971; Schäfer et al., 2003).

Through the menopausal transition, androgenic status increases in
conjunction with abdominal fat deposition (Mesch et al., 2008). This
study demonstrated this effect by the significant negative correlation
found between waist circumference and sex hormone binging globulin
(SHBG) and a positive correlation 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 abdominal obesity and accelerated incidence of
metabolic syndrome (Janssen et al., 2008).

It can be speculated that increased CVD risk is due to a rise in
androgenic effects associated with adipose tissue redistribution in
postmenopausal women. Fetuin-A and its role in suppressing
adiponectin has been demonstrated. Adiponectin has been directly linked
to increased intra-abdominal fat. The link between fetuin-A levels,
suppression of adiponectin and accumulation of central-adiposity
through the menopausal transition has yet to be studied.

Interventions Affecting Fetuin-A Levels
Although studies are limited in their direct effect on altering fetuin-

A levels, few interventions have been shown to be effective. Decreasing
fetuin-A levels through weight loss (Brix et al., 2010), dietary intervention
(Choi et al., 2013) and/or exercise (Jenkins, McKenzie, Hagberg, &
Witkowski, 2011) has been positively correlated with decreased insulin
resistance, increased glucose tolerance and markers of cardiovascular
disease risks. In high-risk populations, such as postmenopausal women,
it is crucial to examine these interventions and their association with
decreased risk of susceptible diseases.

Weight Loss
Significant weight loss has been shown to affect fetuin-A levels.

Sixteen-months post-gastric bypass surgery and dramatic weight loss,
significant drops in fetuin-A levels were demonstrated in 75 morbidly
obese patients (n=65 women) (Lorant et al., 2011). All patients were
free of cardiovascular disease, but not insulin resistance. Before gastric
bypass surgery intervention, fetuin-A concentrations were elevated in
patients that were morbidly obese compared with non-obese controls.
The fetuin-A levels in the morbidly obese patients were comparable
with the accumulation of visceral adipose tissue in older persons (Ix et
al., 2009) [900µg/ml] indicating a possible upper limit for fetuin-A
levels and the association with disease.

The link with obesity and diabetes is known. Bariatric surgery has
been shown to induce resolution of T2DM in 70-80% of those
undergoing the surgery (Buchwald et al., 2009; Kopp et al., 2003). The
association between insulin resistance and fetuin-A has been made clear.
In fact, subjects with high fetuin-A levels have an increased risk of
incident diabetes (Stefan et al., 2008). Increased age increases the incidence
of diabetes in individuals with high fetuin-A plasma levels (Ix et al.,
2009).

Limited studies in this area show that morbidly obese individuals
have increased fetuin-A levels compared to normal-weight controls and
levels mimic older individuals that are not-obese (Brix et al., 2010). It is
commonly known that obesity is highly associated with low-grade
chronic inflammation (Gangneux et al., 2003). The mechanisms behind
the decrease in weight and the association with fetuin-A and inflammation
are unknown, but can be speculated. Further research is needed to
investigate this relationship.

Dietary Interventions
Calorie restriction over 12-weeks in overweight sedentary women

with T2DM significantly decreased fetuin-A levels (-133.3ìg/mL,
p=0.038) (Choi et al., 2013). Primary findings also indicated a decrease
in apo-B (-0.08g/l, p=0.007) and low-density lipoproteins (-0.3mM,
p=0.47) demonstrating a decrease in cardiovascular disease risks.
Concerning postmenopausal women, a decrease in apo-B may help to
lessen the degree of intra-abdominal fat accumulation and low-grade
inflammation. Also in relation to favorable decreases in abdominal fat,
adiponectin was increased 2.96% (p=0.021). A 9-month longitudinal
study showed that by reducing total dietary fat and intake of saturated
fat, subsequent decreases in mean liver fat and fetuin-A plasma levels
were demonstrated in healthy Caucasian individuals without diabetes
(Stefan et al., 2006). This result was independent of significant decreases
in body fat. A correlational analysis of the data collected also showed a
strong association between fat on the liver and increases in fetuin-A
release.

The role that calorie restriction plays in decreasing fetuin-A may be
independent of weight loss. Many postmenopausal women are not
obese, yet have increased intra-abdominal fat (DeNino et al., 2001),
insulin resistance and CVD (Manco et al., 2006) compared to their
premenopausal years. It is important for future research studies to
observe fetuin-A changes due to dietary intervention in obese and 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

improvements in fetuin-A plasma content. Overall, fetuin-A is higher in
sedentary individuals, absent of disease, in comparison to those who
were highly active (Jenkins et al., 2011). Another primary finding in this
study was fetuin-A was 20% higher in low-active men compared to
age-matched high-active men and inversely related to VO2 maximum
oxygen uptake.

 In middle aged men with non-alcoholic fatty liver disease (NAFLD),
7-days of aerobic exercise at 85% maximum heart rate for 60 minutes
dramatically decreased fetuin-A levels, insulin resistance (29%) and
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glucose tolerance (13%) (Malin et al., 2013). These results were
independent of weight loss. Moreover, fourteen nondiabetic, obese
women did not show changes in fetuin-A levels after 6-weeks of self-
regulated aerobic exercise performed 3-days per week despite a decrease
in body fat content and waist circumference (Schultes et al., 2010).
While weight loss studies may show the relationship between fetuin-A
and inflammation, the improvement with exercise may show the role
that fetuin-A plays in skeletal muscle insulin-resistance.

In a three-month combined aerobic and resistance training program,
individuals did not alter their levels of fetuin-A (Yang et al., 2011). The
exercise protocol consisted of 45-minutes of aerobic exercise at 60-75%
of age-predicted maximum heart rate and 20-minutes of resistance training
five-days per week. Arterial stiffness was improved, but fetuin-A was
unchanged. This may indicate that an alteration in fetuin-A levels with
an exercise intervention maybe dose and intensity-responsive rather
than weight-loss dependent. More research is needed in this area.

Exercise and healthy dieting has been proven to be beneficial in
preventing or attenuating all of the previously mentioned diseases.
Weight loss has often been a determinant for exercise and diet effectiveness
in healthy and diseased-individuals. The focus solely on weight loss
might have more negative impact than was once thought. In fact, fragility,
after the age of 65 leads to increased mortality in comparison to obesity
(Cao, Moineddin, Urquia, Razak, & Ray, 2014). It is therefore apparent
that other biomarkers in preventing and treating postmenopausal
conditions need to be established. The impact of formulating a nutrition
and or exercise intervention that decreases fetuin-A levels has important
implications in individuals more susceptible to these diseases and/or
conditions, such as postmenopausal women.

Future Studies
Future studies are needed to determine the levels and types of

populations in which fetuin-A crosses the threshold from being
protective against calcification to being a precursor to increased insulin
resistance, inflammation and cardiovascular events. A standardization
of fetuin-A assays is needed in order to validate findings. This would
help further explain differentiating concentrations of fetuin-A and help
to confirm if low levels are indeed protective and high levels are detrimental.
In addition, establishing normal, low and high levels of fetuin-A is
warranted to justify claims of high and low levels in the literature.

Second, fetuin-A levels before and after menopause need to be
determined to further explain the increased risk of disease in
postmenopausal women. Postmenopausal women are a very vulnera-
ble population to CVD, T2DM and metabolic syndrome. Understanding
the levels of fetuin-A in this population and drawing links between the
possible association with disease would be pivotal for research in this
area and possible interventions to achieve optimal levels. Once optimal
levels are established in various populations and diseases, fetuin-A
could be a target blood marker in clinical settings.

Last, randomized controlled-trials in exercise and nutrition
interventions need to be studied to infer causal relationships with fetuin-
A and previously mentioned disease-processes. Most interventional
studies pertaining to exercise and fetuin-A are cross-sectional. More
controlled studies with interventions varying in exercise duration and
intensity would help to clear up any discrepancies with exercise and the
possible beneficial effects on fetuin-A levels. In addition, frequency and
intensity-specific exercise protocol need to be compared in their
alterations of fetuin-A in diseased and healthy populations. Studies of
this nature would also help to establish better or more precise normative,
healthy levels of plasma fetuin-A concentrations.

Conclusions
It is apparent that postmenopausal women are at increased risk for

insulin resistance, hyperinsulinemia, metabolic syndrome and CVD.
The potential role that fetuin-A plays in intra-abdominal redistribution,
insulin resistance, inflammatory markers and CVD is vast and not fully
understood. The positive correlation with age and negative correlation

with physical activity that has been displayed with levels of fetuin-A
makes it a novel plasma target for disease prevention and/or treatment.
In postmenopausal women who are susceptible to insulin resistance,
metabolic syndrome and CVD, this biomarker may shed light on effective
interventions. It is apparent that more research is needed in order to
standardize target fetuin-A levels in postmenopausal women.

The protective and exacerbating effects of fetuin-A seem to be
dose-respondent and further research is needed to fully understand this
mechanism. Due to the strong association with increased fetuin-A in
older women, inactive individuals, obese patients and individuals with
insulin resistance, NAFLD and T2DM, it is apparent that further
investigation would help explain the mechanisms behind the role of
fetuin-A. In addition, establishing parameters of low and high fetuin-A
levels may help to make this glycoprotein applicable in the clinical
setting.

Exercise and dietary interventions have been shown to lower fetuin-
A levels. Some of the same interventions are currently used to decrease
cardiometabolic risks and improve health in men and women. The role
that fetuin-A plays in ameliorating risks and/or improving health has
yet to be fully elucidated. This is particularly true in postmenopausal
women.
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