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Abstract Diabetes is an important health problem since

the incidence of diabetes is continuously increasing. Early

diagnosis is important as type 2 diabetes begins long before

we diagnose it, leading to a complicated course of the dis-

ease. In order to prevent delay in the diagnosis of type 2

diabetes, novel predictors and pathways for type 2 diabetes

are mounting. Diabetic complications are common cause of

morbidity and mortality among subjects with diabetes. In the

pathogenesis of diabetic complications some factors other

than chronic hyperglycemia may be involved. Adipocyto-

kines play important roles in the pathogenesis of diabetes

mellitus, insulin resistance, and associated metabolic con-

ditions such as hypertension and dyslipidemia. The investi-

gations on the role of adipocytokines in developing diabetes

and its complications have been made. In this review, we

discussed the implications of adipocytokines in predicting

diabetes and diabetic complications, with particular atten-

tion on the roles of adiponectin, leptin, visfatin, and vaspin.

Keywords Adipocytokines � Diabetes mellitus �
Adiponectin � Leptin � Visfatin � Vaspin � Complications

Introduction

Adipose tissue has shown to be an active metabolic organ

secreting adipocytokines. Adipocytokines are involved in

the energy homeostasis and regulation of glucose and lipid

metabolism, immunity and, neuroendocrine and cardiovas-

cular function. Adipocytokines include several novel and

highly active molecules released abundantly by adipocytes

such as leptin, adiponectin, visfatin, and vaspin.

As the incidence of diabetes is continuously increasing,

diabetes has become an important health problem. The

pathogenesis of diabetes and its complications are of great

interest; novel predictors and pathways for type 2 diabetes

are mounting. It has been stated for years that insulin resis-

tance is the core of the problems leading to type 2 diabetes,

hypertension, and dyslipidemia. Endothelial dysfunction

develops as a result of hyperglycemia and accompanying

metabolic abnormalities. Hyperglycemia and hyperlipid-

emia have been shown to induce proinflammatory cytokines.

Diabetic ketoacidosis and non-ketotic hyperglycemia were

found to be associated with elevation of proinflammatory

cytokines, reactive oxygen species (ROS), and cardiovas-

cular risk factors in the absence of obvious infection or

cardiovascular pathology [1]. In recent years, an alternative

perspective has been suggested as endothelial dysfunction is

the core element in the pathogenesis of diabetes [2–4].

Diverse molecules related to inflammation play an important

role in the development of diabetes and diabetic complica-

tions. Several studies have shown a relationship between

inflammatory markers and insulin resistance in diabetic, pre-

diabetic, and non-diabetic populations [2, 5–9]. Chronic low

grade inflammation has a role in the development of type 2

diabetes, and patients with diabetes have elevated levels of

inflammatory markers [9–12].

Diabetic complications are a common cause of morbidity

and mortality among subjects with diabetes. Chronic

hyperglycemia is the main pathogenic factor involved in

complications. Hyperglycemia increases factors such as

polyol pathway flux, protein kinase C (PKC) activity, the

production of advanced glycation end products (AGE),

ROS, and thereby microvascular complications [13]. How-

ever, some factors other than glycemic control might be
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involved in the pathogenesis of diabetic complications.

Cardiovascular risk factors are associated with insulin

resistance and in turn, insulin resistance is associated with

the presence of microvascular complications [5, 6, 10].

There is increasing evidence that some inflammatory pro-

teins may participate in the pathogenesis of insulin resis-

tance and diabetic complications [14, 15]. In addition, some

inflammatory markers have been associated with the pres-

ence of diabetic retinopathy, neuropathy, and nephropathy

[16, 17].

The present review focuses on the effects of major

adipocytokines, with particular attention on the roles of

leptin, adiponectin, vaspin, and visfatin on the prediction of

diabetes and its late complications. Published literature was

analyzed with the intent of addressing the role of the major

adipose secretory proteins in type 2 diabetes and diabetic

complications.

Adiponectin

Adiponectin is the most abundantly expressed adipokine and

differs from the other adipocytokines in that its concentra-

tions decrease with increasing obesity and increases with

weight loss [18, 19]. Adiponectin has been suggested to have

insulin sensitizing, anti-inflammatory, and anti-atherogenic

effects [20, 21]. The actions of adiponectin in suppressing

gluconeogenesis and enhancing lipid oxidation are related to

activation of AMP-activated protein kinase (AMPK) and

inhibition of acetyl CoA carboxylase in the liver and muscle

[22]. Adiponectin increases fatty-acid combustion and

energy consumption and decreases tissue triglyceride con-

tent in muscle and liver. By these mechanisms, adiponectin

contributes to improved insulin signal transduction and

hence improved insulin sensitivity [23, 24].

Plasma adiponectin concentrations have been shown to

correlate strongly with insulin sensitivity [25–27] which

suggests that low plasma concentrations are associated

with insulin resistance. Furthermore, as direct evidence,

several previous reports including ours have demonstrated

the inverse correlation between adiponectin levels and

insulin resistance in diverse patient populations such as

type 2 diabetes and polycystic ovary syndrome [28–32].

Plasma concentrations of adiponectin are lower in patients

with type 2 diabetes. Pima Indians with high adiponectin

levels are less likely to develop type 2 diabetes than those

with low concentrations of adiponectin [33]. It was found

that the relationship of markers of subclinical inflammation

to the development of type 2 diabetes is mediated by

adiponectin in Pima Indians. Adiponectin, while having

anti-inflammatory activity, may mediate diabetes risk via

mechanisms other than inflammation [34]. Low concen-

trations of adiponectin predicted subsequent development

of IGT and type 2 diabetes in normoglycemic middle-aged

Finnish subjects, suggesting that adiponectin may play a

role in the pathogenesis of abnormal glucose metabolism

[35]. A prospective study of 1038 healthy women revealed

that adiponectin is strongly and inversely associated with

risk for diabetes independent of body mass index, whereas

resistin did not [36]. Adiponectin is, therefore, a predictive

marker for the development of type 2 diabetes. The ratio of

high-molecular-weight (HMW) to total adiponectin is

related to risk for diabetes independent of total adiponectin,

suggesting an important role of the relative proportion of

HMW adiponectin in diabetes pathogenesis [36]. Any

factor interfering with glucose metabolism may cause type

2 diabetes. Hypoadiponectinemia seems to be one of the

important factors in the pathogenesis of diabetes.

Insulin resistance of type 2 diabetes is closely associated

with the progression of microangiopathies leading reti-

nopathy, nephropathy, and neuropathy [37]. Adiponectin

improves insulin sensitivity and hyperglycemia and,

therefore, could affect the development and/or progression

of diabetic microangiopathy. However, the relationship

between diabetic microangiopathies and serum total

adiponectin is controversial. Yilmaz et al. [38] found that

plasma adiponectin concentrations in patients with prolif-

erative diabetic retinopathy or non-proliferative diabetic

retinopathy were significantly lower than those in patients

without diabetic retinopathy; and adiponectin levels were

negatively correlated with the severity of proteinuria in

diabetic patients [39]. Lin et al. [40] suggested that higher

serum adiponectin concentration is associated with reduced

odds of moderate renal dysfunction in men with type 2

diabetes. Contrary to these findings, some researchers

found increased levels of adiponectin in patients with

nephropathy and retinopathy [41–44]. Kato et al. showed

that serum total and HMW adiponectin levels appear to be

increasing in T2DM subjects at an advanced stage of dia-

betic retinopathy and nephropathy, but not in those with

neuropathy [28]. No association has been found between

adiponectin levels and diabetic neuropathy in two different

studies [45, 46]. The absence of a relationship between

neuropathy and adiponectin may be explained by the fact

that mechanisms other than those involving the vasculature

are also implicated in its pathogenesis. Furthermore, under

diagnosing the neuropathies in some patients might have

led to find no association between them.

As the kidney is an important elimination site for cir-

culating adiponectin, impaired renal clearance is thought to

contribute to the elevated levels of adiponectin in diabetic

patients with advanced nephropathy. However, it has been

reported in type 2 diabetic patients with different stages of

nephropathy that urinary adiponectin levels are markedly

higher in subjects with macroalbuminuria than those with

normoalbuminuria and microalbuminuria [47]. Serum

adiponectin levels are also significantly elevated in patients
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with macroalbuminuria compared to the ones with nor-

moalbuminuria [47]. Increased adiponectin levels may not

be related to decreased elimination in patients with

nephropathy. Rather than decreased elimination of adipo-

nectin, endothelial dysfunction may itself result in a com-

pensatory increase in adiponectin levels to overcome

microangiopathy. Whether increased adiponectin protects

the individual from microangiopathy or increased levels

are due to ineffectiveness of circulating adiponectin needs

to be further determined.

Age, gender, and race are needed to be considered while

interpreting the adiponectin levels. Despite the increase in

visceral fat and insulin resistance with normal aging,

adiponectin levels are known to increase with age.

Adiponectin levels were found to be increased in female

subjects, indicating a sex hormone affect on circulating

adiponectin levels [48]. Race has also shown to have an

effect on adiponectin levels. Kanaya et al. [49] have shown

that older white Americans had higher median serum levels

of total adiponectin compared with older Blacks. Adipo-

nectin was independently associated with a higher preva-

lence and incidence of coronary heart disease among Black

subjects, but this effect was attenuated by glucose toler-

ance, HDL-cholesterol, fasting insulin concentrations, and

CRP in White subjects.

There are points that need to be clarified in adiponec-

tin’s role in diabetes and its micro- and macrovascular

complications. Adiponectin seems to be beneficial in case

of insulin resistance and diabetes as a prediction marker,

and seems to have a role in the pathogenesis of diabetes.

However, this issue is complicated in case of diabetic

micro- and macrovascular complications. Higher levels

protect the individual from diabetes but may also serve as a

poor prognostic factor for nephropathy and retinopathy.

Leptin

Leptin is a 167 amino acid hormone secreted largely by

adipose tissue [50]. Plasma leptin level and mRNA

expression is directly related to obesity. The absence of

leptin or a mutation in the leptin receptor gene induces

hyperphagia and obesity in animal models as well as in

humans [51–53]. However, in obese humans, generally high

leptin levels are determined suggesting leptin resistance

and, hence, leptin administration has not proven to be

successful [54]. Leptin has shown to be associated with

insulin resistance and inflammatory factors [55]. In type 2

diabetes mellitus hyperinsulinemia has been reported to

associate with elevated leptin levels independent of body fat

mass [56]. Serum leptin levels were found to be decreased

in lean and obese patients with diabetic ketoacidosis or

hyperglycemia and, low serum leptin levels were attributed

to impaired adipocyte glucose utilization due to insulin

deficiency and/or to increased cathecolamine levels. Insulin

treatment resulted in a rapid and significant increase in

leptin levels in these patients [57, 58]. Leptin directly reg-

ulates insulin sensitivity and pancreatic ß cell function.

Since leptin has a restraining effect on normal insulin

secretion by the pancreas, leptin resistance might occur in

b-cells of obese individuals adding to their hyperinsulina-

emia. Moreover, anti-apoptotic effects of leptin in b-cells

could be diminished in a leptin-resistant state [59]. Leptin

levels were found to be higher in female diabetic and non-

diabetic patients than the male patients [60, 61]. So far the

association of leptin with risk of developing diabetes has

remained unclear. The ARIC study, which investigated the

effect of leptin levels on predicting diabetes adjusting for

age, sex, ethnicity, and study center, suggested that high

leptin levels, probably reflecting leptin resistance, predict

an increased risk of diabetes [61]. Conversely, some authors

have failed to find an association with increased odds of

diabetes [62]. Leptin is primarily metabolized by the kid-

neys—filtered by glomeruli and reabsorbed by the proximal

convoluted tubules via megalin-mediated endocytosis [63].

The leptin receptor is shown to be expressed on the proxi-

mal straight tubules, loops of Henle, distal tubules, and

collecting ducts [63]. It is likely that leptin accumulates in

proximal tubuli cells of individuals with hyperleptinemia in

which it undergoes degradation [64]. However, excess

leptin molecules may act via the leptin receptor on the other

downstream tubule cells. Alternatively, some leptin mole-

cules may be involved in pathological signal transduction in

proximal tubule cell, possibly via megalin. Evidence is

accumulating that diabetic nephropathy is associated with

metabolic overload of nephrotoxic proteins or proteins with

nephrotoxic ligands in proximal tubule cell via megalin-

mediated endocytosis [63, 64]. Fruehwald-Schultes et al.

have shown that leptin levels are elevated in a small group

of diabetic patients with microalbuminuria [65]. Con-

versely, Asakawa et al. [66] found that the leptin level was

not elevated in subjects with microalbuminuria. A link

between the existence of diabetic retinopathy and serum

leptin levels in type 2 diabetes has been shown, but not

confirmed, in type 1 and type 2 diabetes [67–69]. With

regard to neuropathy, serum leptin was shown to be higher

in women with parasympathetic neuropathy than in those

without this complication [70]. Doupis et al. [71] have

recently shown that leptin levels are increased in patients

with diabetic neuropathy compared to non-neuropathic

diabetic patients and healthy controls. However, Matsuda

et al. [69] could not find an association between leptin levels

and diabetic neuropathy. Taken together, these data suggest

that the implication of leptin in neuropathic diabetic com-

plications is questionable, and there are data indirectly

showing that leptin may be involved in the development of

neuropathy.
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At present, the value of leptin in predicting diabetes is

unclear. Although some authors have suggested that high

leptin levels, probably reflecting leptin resistance, predict

an increased risk of diabetes; others have failed to confirm

this finding. The results of the studies on the association of

leptin with diabetic complications are controversial and

needs further investigation.

Visfatin

Visfatin is a novel adipokine produced mainly in the vis-

ceral fat of both humans and mice. Several clinical studies

were conducted in order to analyze the validity of visfatin

data and its relationship with insulin resistance, diabetes,

and obesity. However, there are controversies in the results

of these studies [72–80]. Plasma visfatin levels are

increased in obese patients and decreased with weight loss

[72]. Chen et al. [73] have found that plasma visfatin levels

are increased and positively correlated with waist-to-hip

ratio in type 2 diabetes. Other investigators have also found

increased levels of visfatin in type 2 diabetic patients but

failed to find a correlation between anthropometric mea-

surements, lipid measures, fasting glucose, insulin resis-

tance (HOMA-IR), and beta-cell function (HOMA-B).

Furthermore, two different studies have failed to find a

correlation between visfatin levels and markers of insulin

sensitivity [79, 80]. Visfatin/PBEF gene polymorphisms

have been found to be related to the risk of type 2 diabetes.

This effect was suggested to be mediated by the pro-

inflammatory actions of this molecule [81]. However,

another genetic study of visfatin concluded that the variants

tested did not play a major role in obesity or type 2 diabetes

but may have a minor contribution in determining glucose

homeostasis and visfatin mRNA expression [82]. In a study

investigating visfatin levels in type 2 diabetic patients,

patients with impaired glucose tolerance and normal blood

glucose; visfatin levels were higher in patients with type 2

diabetes than the other groups. There was no difference in

visfatin levels between patients with impaired glucose

tolerance and the control group [76]. Thus, the role of

visfatin in predicting diabetes is still unclear.

There are major inconsistencies and limitations in the

detection of serum visfatin levels by different immunoassays

[83]. This needs to be considered when interpreting data

from clinical studies, and it may in part explain the contro-

versial observations on the relation of circulating visfatin to

diabetes. Race also seems to have an affect on serum visfatin

levels. Serum visfatin levels are associated with visceral

adiposity and type 2 diabetes in Asian people; however,

studies in Europe could not confirm this association [71, 79].

Implication of visfatin in diabetic nephropathy has been

studied in two studies. Song et al. [84] have observed that

visfatin was synthesized in mesangial cells as well as

adipocytes and increased by high glucose stimuli which

contributes to increased glucose influx into mesangial cells,

thereby, accelerating diabetic nephropathy through the

aggravation of metabolic alterations. Yilmaz et al. [85]

have suggested that the presence of proteinuria, regardless

of the degree of renal functional impairment, is an

important predictor of endothelial dysfunction in early

diabetic nephropathy. This condition is associated with

altered circulating levels of visfatin and adiponectin [85].

Visfatin seems to be involved in the pathogenesis of dia-

betic nephropathy since it is synthesized by the mesangial

cells and has a role in endothelial dysfunction.

Although the role of visfatin in predicting diabetes is

unclear; its role in the pathogenesis of diabetic nephropathy

is inspiring. Visfatin synthesis from mesangial cells

increases under high glucose conditions and accelerates

diabetic nephropathy. Hyperglycemia, not only by gluco-

toxicity but also by increasing visfatin levels, may lead to

diabetic nephropathy which is a promising finding to pre-

vent diabetic complications by sustaining normoglycemia

and decreasing visfatin levels.

Vaspin

Vaspin is a novel adipocytokine identified by Hida et al. as

a member of the serine protease inhibitor family and

expressed in visceral adipose tissue of Otsuka Long-Evans

Tokushima Fatty (OLETF) rats, which is an animal model

of abdominal obesity and type 2 diabetes mellitus. Vaspin

has been suggested as a compensatory factor against the

insulin resistant state of metabolic syndrome in cross-sec-

tional expression studies from both human visceral and

subdermal white adipose tissue samples [86, 87]. In

OLETF rats, serum vaspin levels peaked at the age when

obesity and insulin plasma concentrations reach a peak;

however, vaspin levels decrease with the worsening of

diabetes and weight loss [86].

A few studies have been reported regarding serum

vaspin levels and vaspin expression in fat tissue in humans,

and the correlation between vaspin serum levels and

markers of insulin sensitivity and glucose metabolism are

unclear [88–91]. Klöting et al. [88] have suggested that

human vaspin mRNA expression in adipose tissue is reg-

ulated in a fat depot-specific manner and could be associ-

ated with parameters of obesity, insulin resistance, and

glucose metabolism. A study investigating the association

of vaspin single nucleotide polymorphisms with type 2

diabetes and obesity demonstrated a significant association

with type 2 diabetes independent of obesity [92]. However,

Seeger et al. [89] have failed to find a correlation between

vaspin levels and markers of insulin sensitivity and glucose

metabolism in chronic hemodialysis patients and control

subjects including those with diabetes. Youn et al. [90], in
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a cross-sectional study of 187 subjects with diabetes mel-

litus, impaired glucose tolerance, or normal glucose toler-

ance, have found an association between vaspin serum

levels, BMI and insulin sensitivity, but could not confirm

this correlation in patients with type 2 diabetes. We have

recently found an association between serum vaspin levels

and insulin resistance in diabetic women and a positive

correlation of serum vaspin levels with glycosylated

hemoglobin [93]. An interesting finding established by Tan

et al. and confirmed by us is that metformin treatment

lowers serum vaspin levels [93, 94]. We have also found

that patients with microvascular complications have lower

serum vaspin levels than those without microvascular

complications [93]. Further investigations as to whether

this finding is due to a vascular impairment or a conse-

quence of other factors that leads to the worsening of the

diabetic condition may reveal this issue. However, we can

speculate that the defensive mechanism of vaspin might be

ceased by the development of microvascular complica-

tions. The identification of a protease substrate for the

induction of vaspin may clarify the role of vaspin in dia-

betes and microvascular complications of diabetes.

Conclusions

The role of the mentioned adipokines in the development

of diabetes is not exactly known at the present time.

Whether they play a direct role in the pathogenesis of

diabetes, or they are only initial suggestive markers of

diabetes is unclear. In case of both conditions, however,

they may help us determine the patients at risk in an

attempt to prevent or delay the development of diabetes.

Some adipokines are shown not to be useful in predicting

diabetes due to alterations in their secretion and function

with the progression of the prediabetic state. In case of late

complications of diabetes, adipokine level determinations

seem even less useful. Rather than the presence of

nephropathy, retinopathy or neuropathy, the common

pathogenetic conditions seem to lead to alterations in their

levels. Selected adipokines like adiponectin may be helpful

in predicting diabetes. Although alterations in levels of

adipokines may be seen in the presence of late complica-

tions of diabetes, their value in the diagnosis and potential

management of these complications is still questionable.
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52, 239–243 (2003)

29. M.F. Hivert, L.M. Sullivan, C.S. Fox, D.M. Nathan, R.B.

D’Agostino, P.W. Wilson, J.B. Meigs, J. Clin. Endocrinol.

Metab. 93(8), 3165–3172 (2008)

Endocr (2009) 36:397–403 401



30. C. Weyer, T. Funahashi, S. Tanaka, K. Hotta, Y. Matsuzawa,

R.E. Pratley, P.A. Tataranni, J. Clin. Endocrinol. Metab. 86,

1930–1935 (2001)
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