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Abstract Although type 2 diabetes mellitus (DM) is a

chronic metabolic disorder with multiple etiologies, obesity

has been constantly linked with insulin resistance and

manifestation of type 2 DM. In addition, obesity is asso-

ciated with hypertension, dyslipidemia, and fatty liver

disease and is regarded as a subclinical inflammatory

condition characterized by release of pro-inflammatory

mediators such as cytokines from adipose tissue. Both, type

2 DM and obesity are considered as major risks for

developing micro- and macrovascular diseases. Recent

studies showed that impaired circulating levels of fetuin-A,

which is involved in propagating insulin resistance as well

as circulating levels of angiopoietins, which are growth

factors promoting angiogenesis, were observed in patients

with obesity, metabolic syndrome, and type 2 DM. How-

ever, independent of type 2 DM and obesity, defective

regulation of fetuin-A and angiopoietin are playing a crit-

ical role in predisposing to coronary and peripheral vas-

cular diseases. Therefore, mechanisms linking type 2 DM

and obesity with fetuin-A and angiopoietins seem to be

complex and are in need of further exploration. In this

review, we aimed to present a summary concerning asso-

ciations of type 2 diabetes, obesity, and vascular diseases

with circulating levels of angiopoietins and fetuin-A. Fur-

thermore, we aimed to focus on roles of fetuin-A and

angiopoietins and to highlight the most plausible mecha-

nisms that might explain their associations with type 2 DM

and obesity.
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Introduction

Diabetes mellitus (DM) defines chronic metabolic disor-

ders characterized by increased blood glucose levels due to

absolute or relative deficiency of insulin. Type 2 DM is the

most common type of diabetes, representing about

90–95 % of all diabetic cases around the world [1]. In

addition to the genetic background, other factors such as

age, overweight, physical inactivity, gestational diabetes

[2], hypertension, dyslipidemia, polycystic ovary syndrome

[3], history of vascular diseases, and race/ethnicity seem to

have an important role in predisposing an individual to type

2 DM. In the future the prevalence of type 2 DM is

expected to rise more rapidly because of increasing obesity

and reduced physical activity.

Obesity, especially visceral or central obesity is very

common in type 2 DM. Adipose tissue is a rich source of

pro-inflammatory mediators that may directly contribute to

inflammatory vascular injuries, insulin resistance, and

atherogenesis [4]. Obesity increases the incidence of fatty

liver diseases that alters the secretion pattern of many

proteins produced by the liver [5] and is associated with

peripheral as well as hepatic insulin resistance [6, 7].

Moreover, the long-standing metabolic derangement in

diabetes and obesity is frequently associated with perma-

nent and irreversible functional and structural changes in

the cells of all tissues. Cells of the vascular system,
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however, are particularly susceptible to these changes with

subsequent development of micro- and macro-vascular

complications. In addition, both type 2 DM and obesity, via

increased systemic levels of reactive oxygen species (ROS)

and oxidative stress further promote the occurrence of

micro- as well as macrovascular diseases [8]. Furthermore,

increased intracellular glucose in DM leads to the forma-

tion of advanced glycation end products (AGEs), which

results from the interaction of glucose with amino groups

on proteins with subsequent non-enzymatic glycosylation

of intra- and extracellular proteins. Interactions of AGEs

with their specific receptors induce activation of pro-

inflammatory genes that favor the progression of diabetic

micro- and macrovascular complications [9].

During the last decades, numerous cellular and clinical

studies have been performed to elucidate mechanisms

linking type 2 DM and obesity with the disease-related

complications, particularly vascular complications. Plenty

of mediators, cytokines, and factors have been identified

and were assumed to play crucial roles in the pathophysi-

ology of type 2 DM and obesity and their subsequent

complications. Recently, elevated levels of fetuin-A, a

protein secreted predominantly by the liver that promotes

bone mineralization, and angiopoietins, growth factors

produced by endothelial cells and various tissues which

induce angiogenesis, have also been shown to represent

independent modulating factors for type 2 DM and obesity.

In addition, independent of type 2 DM and obesity, both

fetuin-A and angiopoietins have previously been shown to

be associated with vascular diseases. Low serum levels of

fetuin-A were associated with vascular calcifications [10],

whereas high levels of circulating angiopoietins were

shown to be associated with endothelial damage and

inflammations [11]. In this review, we aimed to concentrate

on studies associating type 2 DM, obesity, and vascular

diseases with two biomarkers namely angiopoietins and

fetuin-A. In addition, we aimed to highlight the mecha-

nisms that might explain these associations.

Obesity and adipose tissue

Obesity is a term which refers to excessive fat in the body.

Obesity is usually determined by measuring the body mass

index (BMI). Accordingly, individuals are defined to be

obese when their BMI is equal or greater than 30 kg/m2.

Obesity is a multi-factorial chronic disease which is

influenced by several genetic, endocrine, and psychological

factors. Based on the latest Would Health Organization

report, obesity, worldwide, has more than doubled since

1980. Solely in 2008, more than 1.4 billion adults were

overweight. Among them over 200 million men and nearly

300 million women were obese [12]. The distribution but

not the amount of the fat seems to be important in pre-

disposing to metabolic disorders and insulin resistance.

Patients with visceral/central obesity are more susceptible

to cardiovascular as well as metabolic disorders than

patients with peripheral (subcutaneous) obesity [13]. Sex

hormones play an important role in determining the body

fat distribution of an individual [14].

It is well established that visceral adipose tissue is an

active endocrine and paracrine organ that secretes and

produces a large number of cytokines and biological active

mediators known as adipocytokines or adipokines. These

include leptin, chemerin, angiotensinogen, apelin, resistin,

visfatin, adiponectin, tumor necrosis factor-a (TNF-a), etc.

These adipokines play a role in inflammation, coagulation,

insulin resistance, diabetes, and atherosclerosis [15] that

have recently been better identified using proteomics

technology [16]. Therefore, adipokines are considered as

significant therapeutic targets in several vascular, inflam-

matory, and metabolic diseases including obesity and type

2 DM [17, 18]. In addition, adipose tissue is a storage place

of pro-inflammatory mediators such as interleukin-6 (IL-6),

plasminogen activator inhibitor-1 (PAI-1), and C-reactive

protein (CRP) that are participating directly in the patho-

genesis of vascular damage, insulin resistance, and obesity-

related atherogenesis. In a prospective, nested case–control

study, Pradhan et al. showed that elevated levels of CRP

and IL-6 predict the development of type 2 DM [19]. In

contrary, adiponectin is the only adipocyte-derived adipo-

kine that may play an important protective role against

inflammation, atherosclerosis [20], and obesity-linked

insulin resistance (Fig. 1). Circulating levels of adiponectin

are significantly higher in lean than in obese individuals

[21].

Moreover, obesity, particularly visceral obesity, alters

the hepatic fat and protein metabolism. Presence of

expanded adipose tissue facilitates infiltration of many pro-

inflammatory mediators such as macrophages and cyto-

kines into the adipose tissue, where they disturb the

response mechanism of adipose tissue to insulin action

[22]. This leads to insulin resistance and impairment of

insulin-mediated antilipolysis with consequent increased

release of FFA from adipose tissue and excessive FFA

uptake by the liver [23], and hypertriglyceridemia (Fig. 2).

Therefore, obesity is strongly associated with accumulation

of fat in the liver that might progress to non-alcoholic fatty

liver disease [24], one of the most common types of

chronic liver diseases. Fatty liver disease is characterized

by hepatic insulin resistance [25] and dyslipidemia and is

related to vascular endothelial dysfunction, vascular dis-

eases [26, 27], and the metabolic syndrome [28]. Presence

of liver fat rather than total body and visceral fat is the best

determinant of pre-diabetic categories in individuals at risk

of type 2 DM [29]. Due to the close association of fatty
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liver disease with insulin resistance, obesity, dyslipidemia,

and metabolic syndrome, fatty liver is regarded as the

hepatic sign of the metabolic syndrome [30].

Fetuin-A, type 2 diabetes mellitus, and obesity

Reports from previous studies showed that circulating levels

of fetuin-A, which is also known as alpha2-Heremans-

Schmid glycoprotein (AHSG), are elevated in obese and

overweight individuals. Fetuin-A is an endogenous natural

inhibitor of the insulin-stimulated insulin receptor tyrosine

kinase [31]. It inhibits phosphorylation of the insulin

receptors in the liver and muscles with the result of reduced

insulin signaling and insulin resistance [32]. Thus, increased

fetuin-A levels are an independent risk factor for insulin

resistance and type 2 DM [33]. In a previous animal study,

aged fetuin-A-null mice were protected against insulin

resistance [34] and showed higher insulin receptor auto-

phosphorylation and tyrosine kinase activity in skeletal

Fatty liver diseases 

Up-regulation of fetuin-A

↑ Fetuin-A → metabolic vasculopathy 

↓ Fetuin-A → vascular calcification   

Vascular diseases 

Impairment of angiopoietins
↑ Insulin resistance  

Obesity (visceral obesity): 
↑ FFA, ↑ TNF-α, 
↑Prostaglandins  
↑ Leptin, ↑ CRP,  
↑ IL-6, ↓ Adiponectin, etc.   

↑ Hepatic Insulin resistance 
& impaired hepatic glucose 
production 

Endothelial damage   
& ↑ inflammatory 
mediators   

Type 2 diabetes mellitus: 

Hyperglycemia, ↑ROS, ↑ AGES 

Fig. 1 Associations of obesity, type 2 diabetes mellitus, and vascular diseases with levels of circulating fetuin-A and angiopoietins. TNF tumor

necrosis factor, IL interleukin, CRP C-reactive protein, FFA free fatty acid, ROS reactive oxygen species, AGES advanced glycation end products

↑ Visceral adipose tissue 
↓ Adiponectin

↑ Adipose tissue infiltration 
by pro-inflammatory 

mediators and macrophages 
Type 2 DM 

↑ FFA 

Up-regulation of 
fetuin-A 

Fatty Liver  ↑ Insulin 
resistance 

High 
fat diet 

Hyperglycemia ↑ Lipid profile 
and dyslipidaemia 

↑ TNF-α & ↑ IL-6

Vascular endothelial 
damage 

(↑ Ang-2, ↓ Ang-1)

Impaired lipolysis 

Via ↓ vasodilatation 
effect of insulin 

Fig. 2 Possible mechanisms connecting obesity and type 2 diabetes mellitus with fetuin-A and angiopoietins (Ang-1 and Ang-2). FFA free fatty

acid, TNF tumor necrosis factor, IL interleukin
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muscle and liver compared with wild-type mice. In human

studies, high circulating fetuin-A levels were associated with

increased risk of incidence of type 2 diabetes. Ix et al.

observed in an observational study with 3,075 elderly indi-

viduals (aged between 70 and 79 years) an independent

association of high circulating fetuin-A levels with incidence

of diabetes [35]. Very recently, these results were confirmed

in an even larger cohort study [36]. However, despite strong

associations of fetuin-A with levels of insulin resistance in

non-diabetic subjects [37], we [38] and Mori et al. [39] could

not find any association of fetuin-A with insulin resistance

among established type 2 diabetic patients.

Moreover, Lin et al. [40] provided the first evidence of

association of fetuin-A with obesity. In rats overfed to

induce obesity, they observed a significant increase in fet-

uin-A gene expression, indicating an important role of fet-

uin-A in predisposing to obesity. Moreover, Mathews et al.

[41] showed that fetuin-A knockout mice, despite normal

food intake, are more resistant to diet-induced obesity and

have a lower body weight and adiposity than the wild-type

control. In humans circulating fetuin-A levels were found

positively associated with BMI, visceral fat and waist cir-

cumference, as demonstrated by two cross-sectional studies

[35, 42]. In addition, fetuin-A correlates positively with the

BMI of women with history of previous gestational DM

[43]. In agreement with these results, Brix et al. [44] showed

in a longitudinal-designed study that fetuin-A levels are

significantly higher in patients with morbid obesity than in

normal controls. Moreover, the study demonstrated reduc-

tion of fetuin-A levels in these patients following gastric

bypass surgery. Also, in a 1 year longitudinal follow-up

study, loss of body weight, based on exercise and diet

therapies, was associated with a significant decrease of fet-

uin-A level in children [45]. In another cross-sectional

study, fetuin-A levels were significantly higher in young-

and older highly active men in comparison with young and

older low-active men [46]. In this aspect, it is important also

to note that mice revealed a marked decrease in Adipoq

mRNA expression and lower circulating adiponectin levels

after treatment with fetuin-A [47].

In addition, high circulating fetuin-A levels are strongly

associated with fatty liver disease. Independent of BMI, the

non-alcoholic fatty liver disease is a significant predictor of

elevated fetuin-A levels [48]. As a result of fat accumu-

lation, over-expression of fetuin-A mRNA was detected in

the liver of rats after inducing obesity [40]. Furthermore,

Stefan et al. showed in a human study that fat accumulation

in the liver is associated with elevation of plasma fetuin-A

levels [49], this has been further proven by other studies

[50, 51]. Furthermore, Stefan et al. observed that reduction

of hepatic fat was associated with reduced circulating fet-

uin-A levels. Indeed, both fatty liver and increased fetuin-

A levels are associated with the metabolic syndrome

[42, 52], are negatively related to the levels of adiponectin,

and both are positively associated with levels of CRP [47,

53, 54]. Based on these results, the link of fetuin-A with

obesity could find its reason in a common association of

obesity with accumulation of fat in the liver [55], which

might cause up-regulation of fetuin-A secretion with sub-

sequent increase of insulin resistance and type 2 diabetes.

Thus, fetuin-A might play an essential role in combining

obesity and fatty liver with insulin resistance, type 2 dia-

betes, and the related vascular complications (Fig. 1).

Genetic studies showed that the chromosomal locus 3q27

at which site the fetuin-A gene is found is linked with the

metabolic syndrome and type 2 diabetes [56].

Angiogenesis and angiopoietins

Angiogenesis, which is a process of new blood vessel

formation, is stimulated or inhibited by several factors such

as vascular growth factors and nitric oxide as well as

inflammatory mediators and cytokines. It is a pivotal fea-

ture in pathogenesis of cancer and many inflammatory

diseases [57, 58] and plays an essential role in determining

adipose tissue mass in obesity [59]. However, angiogenesis

is not pathologic if its stimulating factors are in balance

with its inhibiting factors. Angiopoietins (Ang) are growth

factors that together with vascular endothelial growth fac-

tor (VEGF) promote angiogenesis. Among all identified

Ang (1–4), only Ang-1 and Ang-2 have been well defined

to have an essential role in inflammation and modulation of

angiogenesis [60]. Binding of Ang-1 and Ang-2 to their

endothelial-specific receptor tyrosine kinase 2 (Tie-2) is the

key regulator of vascular remodeling [61]. Whereas bind-

ing of Ang-1 to Tie-2 leads to phosphorylation and acti-

vation of the receptor with subsequent vascular maturation

and stabilization, and promotion of angiogenic remodeling

[62], binding of Ang-2 to Tie-2 receptor prevents its acti-

vation and enhances destabilization, apoptosis, and dis-

ruption of new vessels. Thus, Ang-2 is a natural inhibitor of

the Tie-2 receptor that antagonizes the Ang-1-specific

vascular protective function. This is strongly expressed at

sites of vascular remodeling [63]. In db/db mice subjected

to myocardial ischemia, Chen and Stinnett observed a

significant reduction of Tie-2 expression, disruption of

Ang-1/Tie-2 signaling, and elevation of angiopoietin-2

levels [64]. Therefore, high levels of Ang-2 have been

observed in diseases characterized by increased rate of

vascular proliferation and endothelial damages/injuries

such as tumor progression, hypertension, coronary artery

diseases, chronic kidney diseases, and proliferative diabetic

retinopathy [65–68]. Concurrently, in a cross-sectional

study, we recently showed that levels of circulating Ang-2

but not Tie-2 are higher in type 2 diabetic patients with
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than without history of cardiovascular diseases [69]. Levels

of Ang-2 are negatively associated with the glomerular

filtration rate [11] and are higher among female than male

individuals [70, 71], which might contribute to the sexual

dimorphism in impaired endothelial function observed

among type 2 diabetic patients [72]. However, in our study

there were no gender differences in levels of Ang-2 and

Tie-2 in patients with established type 2 DM [69].

Angiopoietins, type 2 diabetes mellitus, and obesity

Vascular endothelial damage represents the most critical

pathological process that links obesity, through release of

pro-inflammatory mediators from adipose tissue, and type 2

DM, through hyperglycemia, with increased incidence of

micro- and macrovascular diseases. Hyperglycemia impairs

endothelial function even before the diagnosis of type 2 DM

has been clinically established. Mechanisms underlying

vascular endothelial damage by hyperglycemia are: (1)

Formation of AGEs through the non-enzymatic glycosyla-

tion of intra- and extracellular proteins. Studies have asso-

ciated high expression of AGEs with an increased incidence

of diabetic vascular complications [73]. AGEs up-regulate

expression of VEGF and Ang-2 in endothelial cell [74]. (2)

Elevated sorbitol concentration that increases cellular

osmolarity, and generates ROS, which leads to endothelial

cell apoptosis and dysfunction and induced oxidative stress.

(3) Hyperglycemia leads to the increase of intracellular

glycolytic metabolites that promote synthesis of diacyl-

glycerol which has been linked through the activation of

protein kinase C to various vascular abnormalities [75]. (4)

Hyperglycemia increases the flux through the hexosamine

pathway, which generates fructose-6-phosphate. The hex-

osamine pathway might alter glycosylation of proteins such

as endothelial nitric oxide synthase or activates the gene

expression for transforming growth factor b (TGF-b) or

PAI-1 that play pivotal roles in pathogenesis of diabetic

vascular complications [76]. Furthermore, clinical studies

showed that circulating Ang-2 but not Ang-1 are elevated in

type 2 diabetic patients [70, 77]. Although the exact mech-

anism linking type 2 DM with increased levels of Ang-2 is

still not clear, results from previous experimental studies

revealed an increased Ang-2 expression in endothelial cells

of pancreas, kidney, heart, brain, and retina exposed to the

effects of hyperglycemia. This was accompanied by vas-

cular damage, endothelial apoptosis, and decreased vascular

density in these tissues [78–82]. Increased Ang-2 expression

mediates expression of intracellular adhesion molecules that

sensitize endothelial cells to the pro-inflammatory effects of

TNF-a [83]. In mice model studies, hyperglycemia was

associated with impaired wound healing due to the increased

Ang-2 and decreased Tie-2 expression [84, 85]. Moreover,

Singh et al. showed in an in vitro study that increased glu-

cose enhances suppression of vascular protection by Ang-1

and predisposes to endothelia dysfunction and vascular

damage [86]. In agreement with these results, blockade of

Ang-2 action and enhancement of Ang-1 and VEGF pro-

duction were associated with improvement of hyperglyce-

mia-induced cardiac and pancreatic-vasculopathy in animal

studies [82, 87–89]. Briefly, these studies concluded that

hyperglycemia is the main cause of down-regulation of Ang-

1 production and up-regulation of Ang-2 expression that

result in destabilization of endothelial cells and vascular

damage in type 2 DM.

On the other hand, obesity is strongly associated with

increased vascular dysfunctions and vascular diseases.

Mechanisms contributing to this association could be due to

hypertension, dyslipidemia, fatty liver, inflammation, and

insulin resistance [90]. Adipose tissue is an active and well-

vascularized organ that has the ability to change and grow

throughout human life span [91]. It contains angiogenic

stimulators and inhibitors and its mass closely depends on

the rate of angiogenesis [59]. Obesity is characterized by

elevated pre-inflammatory mediators (indicated above) and

reduced adiponectin levels [92]. Adiponectin is an adipokine

that is highly related to insulin resistance and inversely

associated with TNF-a [93]. It is an important natural

angiogenic inhibitor that prevents growth of adipose tissue

and induces apoptosis of endothelial cells [94]. Therefore,

levels of adiponectin are higher in lean than in obese indi-

viduals and are highly associated with reduced incidence of

vascular diseases [95] and negatively related to fatty liver in

diabetic [96] and non-diabetic subjects [97]. Moreover,

adipose tissue is rich of FFA that might directly contribute to

the obesity-related endothelial dysfunction. In vitro, FFA

were shown to disturb endothelial function by stimulating

ROS formation and reducing the vasodilator factor nitric

oxide [98]. In addition, FFA activate through multiple

pathways production of inflammatory cytokines such as

TNF-a and IL-6 [99]. Elevated levels of theses cytokine

have shown to be associated with different types of

inflammatory and vascular diseases, and atherosclerosis

[100] (Fig. 2). In consequence, hepatic synthesis of CRP is

stimulated by the effect of IL-6 [101]. CRP is a marker of

chronic inflammation that is highly expressed in adipose

tissue and it’s negatively correlated with levels of adipo-

nectin [102]. Levels of CRP predict vascular mortality and

death from cancer [103] and are associated with the severity

of coronary atherosclerosis [104]. Thus, obesity induces

endothelial dysfunction and local inflammatory vascular

injuries. Interestingly, previous evidence showed that Ang-2

facilitates vascular response to inflammation and is up-reg-

ulated at the sites of vascular remodeling. It sensitizes

endothelial cells for TNF-a effect, thereby induces expres-

sion of endothelial cell adhesion molecules [105].
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Consistent with these results, levels of Ang-2 are positively

correlated with levels of the inflammatory marker CRP

[106]. Correspondingly, previous studies demonstrated

impaired vascular components toward elevation of Ang-2

levels in overweight and obese patients, which was inde-

pendent of presence of hyperglycemia [71, 107]. Incubation

of endothelial cells with high concentration of FFA, as it

occurs in obesity, significantly suppresses signaling of the

protective Ang-1 in these cells [86]. Increased Ang-2 and

reduced Ang-1 is associated with reduced vascular density

and increased vascular disruptions and damages, these are

pathological settings commonly found in obesity-related

vascular diseases [108].

Other pathophysiological impacts of fetuin-A

In addition to its potential impact on incidence of type 2 DM

and obesity, fetuin-A plays critical roles in mechanisms of

bone mineralization and vascular calcification. Fetuin-A

acts as a carrier protein for calcium and phosphate, thereby

inhibiting their precipitation in the serum [109] and

enhancing calcification and mineralization of fibril within

the bone [110]. In clinical studies, fetuin-A levels are posi-

tively associated with the degree of bone mineral density

[111] and negatively related to the levels of bone resorption

biomarkers [38, 112]. Feeding a mineral and vitamin D-rich

diet to fetuin-A-deficient mice resulted in a widespread

calcification outside the skeletal system. Therefore, fetuin-A

potentially prevents undesirable or ectopic mineralization

[113, 114]. Deficiency of fetuin-A was associated with soft

tissue and artery calcification in rat model studies [115].

However, in vivo studies have reported conflicting results

regarding association of fetuin-A with vascular diseases.

Several studies, which involved patients with end stage renal

failure [116–118] as well as patients with intact kidney

function [119, 120], have observed reverse association of

fetuin-A levels with incidence of vascular calcification.

Involvement of fetuin-A in the pathogenesis of cardiovas-

cular diseases has been confirmed in a genetic study with

2,500 patients [121]. Other studies have reported no asso-

ciation of fetuin-A level with peripheral as well as cardio-

vascular events [122]. Very recently, Lorant et al. [123]

showed in a cross-sectional study that high fetuin-A levels,

independent of diabetes, are associated with increased

incidence of peripheral vascular diseases. However, they

observed an inverse association of fetuin-A with degree of

vascular calcification in type 2 diabetic patients with

peripheral vascular diseases. In fact, fetuin-A is a multi-

functional protein that might be involved in pathophys-

iological mechanisms of a variety of metabolic and

atherosclerotic diseases. Based on the results of these stud-

ies, contribution of fetuin-A to the pathophysiology of

vascular diseases could be either due to its potential rela-

tionship with obesity, type 2 DM, metabolic syndrome, and

fatty liver diseases, which detrimentally affect the vascular

system, or due to its crucial role in promoting bone miner-

alization and preventing ectopic calcification.

Conclusion

Obesity and type 2 DM are two chronic metabolic disorders

strongly connected with increased incidence of peripheral

and cardiovascular diseases. Whereas increased levels of

fetuin-A protein is highly related to the pathophysiological

mechanisms of type 2 DM, obesity, and fatty liver and their

related vascular complications, low fetuin-A levels are

associated with increased vascular calcifications. Hyper-

glycemia and release of pro-inflammatory mediators from

adipose tissue might contribute to the mechanisms of ele-

vated Ang-2 in type 2 DM and obesity, respectively. Ele-

vated Ang-2 levels solely but not Ang-1 enhances

endothelial cell apoptosis, vascular disruption, and endo-

thelial dysfunctions, pathological events closely linked to

obesity- and type 2 diabetes-related vascular complications.

Acknowledgments This review was supported by a grant of the

Austrian National Bank to A.K.-W (ÖNB: 13244).
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