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ABSTRACT
Visfatin is a newly discovered member of adipokine family. It is a visceral adipokine, it has been found in skeletal muscle, liver, 
bone marrow and lymph. It was originally identified as a cytokine-like secreted protein that synergizes the effect of IL-7 and stem 
cell factor in promoting the growth and differentiation of B-cell lineage precursors. It is expressed in lymphocytes of peripheral 
blood and plays a role in lymphocytes maturation and inhibition of neutrophil apoptosis.
It is an endocrine, autocrine as well as paracrine protein with many functions including enhancement of cell proliferation, biosyn-
thesis of nicotinamide mono- and dinucleotide and induction of hypoglycemia. Visfatin has been shown to exert insulin mimetic 
and pro-inflammatory effects,
One of the fundamental functions of visfatin is the modulation of immune and inflammatory processes. It has been reported that 
visfatin activated nuclear factor-kappa B which has a crucial role in regulating immune responses. Up-regulation of visfatin has 
been also identified in a variety of pathophysiological conditions of the immune system including rheumatoid arthritis, psoriasis, 
clinical sepsis and acute lung injury.
Recently, there has been mounting body of studies investigating the association of visfatin with periodontal disease. This article 
gives an insight about visfatin and its correlation with periodontal disease.
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INTRODUCTION

Periodontitis is an inflammatory condition of the supporting 
structures of teeth resulting from dental plaque biofilm at-
tached to tooth surfaces. It is potentially an important nidus of 
systemic inflammation and its sequelae represents a unique op-
portunity for oral pathogens and their products to gain access 
to the systemic circulation.1

Diabetes mellitus is a group of metabolic disorders, char-
acterised by hyperglycaemia, and excretion of sugar in 
the urine.1 Type 2 diabetes mellitus is the most common 
form of diabetes accounting for 90-95% of all cases and 
usually has an adult onset. Diabetes mellitus plays an im-
portant role in the pathogenesis of periodontal infections 
sharing a common pathway that involves an enhanced 
inflammatory response which can be observed at the lo-
cal and systemic level.2 Periodontal infection itself repre-
sents a complication that may be involved in altering the 
systemic physiology in diabetic patients.

A dysregulated immune response stemming from an in-
appropriate cytokine production may act as a possible 

mechanism underpinning the cross-susceptibility be-
tween periodontal disease and diabetes. 3,4 Another con-
founding factor related to periodontitis and type 2 diabe-
tes mellitus is obesity or fatness which refers to excessive 
accumulation of body fat, caused by the consumption of 
more calories than the body can utilize.6,7

Obesity may be considered as a low – grade systemic in-
flammatory disease. Obese children and adults have el-
evated serum markers of inflammation and are closely 
associated with chronic inflammatory diseases. These 
findings explain the basis for association between obesity 
and periodontal disease.8

Currently obesity, particularly central obesity, height-
ens the pathogenesis of type 2 DM. Additionally, factors 
produced by adipose tissue (AT), referred to as adipocy-
tokines, can influence the degree of insulin resistance as 
well as inflammation, due to their duality of function.7 
Visfatin is a recently discovered adipokine, synthesized 
and secreted primarily by visceral fat.9 It is 52-kDa pro-
tein encoding a polypeptide of 491 amino acids.10 Visfa-
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tin may be considered as a multifunctional protein acting 
as a hormone, cytokine and/or enzyme capable of exert-
ing several pro-inflammatory functions11.

Visfatin levels are elevated in a wide variety of inflam-
matory conditions like rheumatoid arthritis and any 
acute and chronic inflammation. In periodontal inflam-
mation, there is upregulation of IL-1, IL-6, TNF-α(tumor 
necrosis factor-α) etc., that has a profound effect on the 
expression of visfatin11. Elevated levels of proinflamma-
tory cytokines and visfatin can worsen insulin resistance 
and thereby impair glycemic control. Thus, periodontal 
disease may have a significant impact on the metabolic 
status in type 2 diabetes mellitus.12

PATHOGENESIS OF PERIODONTAL DISEASE
Periodontitis is a complex bacteria-induced infection, 
characterised by inflammatory host response to plaque 
microbiota and their by-products.18

Periodontal microbes colonizing the subgingival envi-
ronment express various structural and metabolic sub-
stances, for instance, lipopolysaccharide (LPS). This is 
a surface component and a well-known virulence factor 
of these Gram negative subgingival bacteria, which has 
the ability to trigger the host cells to release cytokines 
and other mediators of inflammation, in an attempt to 
eliminate the infectious agents and initiate a defence 
mechanism. The chronic inflammation in periodontal tis-
sues stems from inappropriate host-microbial interaction 
resulting in excessive production of proinflammatory 
cytokines (e.g. IL(interleukin)-1β, TNF(tumor necrosis 
factor)-α, IFN(interferon)-γ and IL-6), leading to tissue 
destruction. Thus, LPS plays a key role in activation and 
perpetuation of tissue destruction in periodontal dis-
ease. 14

Although the bacterial plaque is fundamental for peri-
odontal disease initiation and propagation, the host 
defensive responses represented by inflammatory and 
immune reactions are the essential determinants of dis-
ease occurrence. Host related risk factors such as smok-
ing, systemic disease, genetics, bacterial composition of 
microbial plaque and socioeconomic factors may exac-
erbate the host protective mechanisms against bacterial 
challenge and thereby increase the destructive nature of 
the processes.15

PATHOGENESIS OF DIABETES MELLITUS

Body glucose homeostasis is mainly reliant on insulin (a 
hormone secreted by pancreatic β-cells). Diabetes mel-
litus, ensues from defects in insulin secretion, insulin ac-
tion, or both resulting in the inability of glucose to be 
transported from the bloodstream into the tissues, which 
in turn, results in high blood glucose levels and excretion 

of sugar in the urine. 1 The most likely cause of insulin 
secretion deficiency is the dysfunction in the pancreatic 
β-cells whilst the hypo responsiveness of the tissues to 
insulin action (termed Insulin Resistance IR) may repre-
sent one of the main complications of obesity.16 Indeed, 
the regulation of insulin sensitivity and resistance de-
pends on a number of factors including adipokines, in-
flammatory mediators, genetic factors and environmen-
tal stresses.6

During the initial stages in the natural history of type 
2 diabetes mellitus, the body increases insulin output 
which results in hyperinsulinaemia to compensate for 
the reduction in insulin action and maintain normal glu-
cose tolerance. As the insulin resistance worsens, the 
body is unable to control any further rise in metabolic 
load. There is a decline in insulin production affiliated 
with peripheral insulin resistance and diminished β-cell 
function. Ultimately, insulin secretions become dimin-
ished and inadequate to recompensate for the insulin 
resistance, thereby driving to impaired glucose tolerance 
and overt type 2 diabetes mellitus.17

PERIODONTITIS ↔TYPE 2 DIABETES 
MELLITUS RELATIONSHIP

There has recently been much emphasis on the ‘two-way’ 
relationship between diabetes and periodontitis. The 
exacerbation and dysregulation in the inflammatory re-
sponses play a central role in interrelationship between 
periodontal disease and diabetes. Hyperglycaemia drives 
numerous proinflammatory effects that influence various 
body tissues including the periodontium, leading to lo-
calized dysregulated immuno-inflammatory reactions.17

Figure 1: Schematic representation of the proposed bi-direc-
tional relationship between periodontal disease and diabetes 17

The influence of diabetes on the periodontium has been 
thoroughly investigated. Although it is difficult to make 
definitive conclusions about the specific effects of dia-
betes on periodontium, a variety of changes have been 
described, including a tendency toward reduced salivary 
flow, burning mouth, enlarged gingiva, sessile or pedun-
culated gingival polyps, polypoid gingival proliferations, 
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abscess formation, periodontitis, and loosened teeth. 
Perhaps the most striking changes in uncontrolled dia-
betes are the reduction in defence mechanisms and the 
increased susceptibility to infections leading to destruc-
tive periodontal disease. Diabetes does not cause gingivi-
tis or periodontal pockets, but there are indications that 
it alters the response of the periodontal tissues to local 
factors, hastening bone loss and retarding postsurgical 
healing of the periodontal tissues.1

HYPERGLYCEMIA, ADVANCED GLYCATION 
END PRODUCTS (AGES) &

PERIODONTAL HEALTH

Increased collagenase activity and decreased collagen synthesis 

is found in diabetic patients with chronic hyperglycemia. Chronic 

hyperglycemia adversely affects the synthesis, maturation, 

and maintenance of collagen and extracellular matrix. In the 

hyperglycemic state, numerous proteins and matrix molecules 

undergo a non enzymatic glycosylation, resulting in advanced 

glycation end products (AGES)17

Figure 2: Formation of advanced glycation end products 
(AGE) 17

Binding of AGEs to its receptor (RAGE) resulted in the 
upregulated production of proinflammatory mediators 
such as IL-1β, TNF-α and IL-6. AGE formation results in 
the production of ROS and enhances oxidant stress, and 
the subsequent endothelial cell changes that occur con-
tribute to the vascular injury implicated in many diabe-
tes complications. Apoptosis may also play a role in the 
increased susceptibility to periodontitis associated with 
diabetes, and apoptosis of matrix-producing cells may 
limit the opportunities for repair in inflamed tissues.18

IMPACT OF PERIODONTITIS ON DIABETES RELAT-
ED INFLAMMATORY STATE AND INSULIN RESIST-
ANCE
In untreated severe periodontal disease, the cumulative 
surface area of ulcerated pocket epithelium has been es-
timated to range from 8 to 20 cm2, which approximates 
the size of the palm of an adult hand.19 Bacteremia and 
endotoxemia can be induced by dental procedures, as 
well as by usual daily activities (such as chewing), lead-
ing to an elevated inflammatory state and stimulating 
increase in the levels of serum inflammatory markers.

Chronic inflammation, through the action of inflamma-
tory mediators is found to be associated with the de-

velopment of insulin resistance which is influenced by 
genetically modified environmental factors, including 
decreased physical activity, poor nutrition, obesity and 
infection.20

Patients with inflammatory periodontal diseases often 
have elevated serum levels of proinflammatory cytokines 
mainly IL-6, IL-1, TNF-α and PGE-2. In diabetic patients 
with periodontitis, the hyperinflammatory immune cells 
can exacerbate the elevated production of proinflamma-
tory cytokines which increases insulin resistance leading 
to greater risk of poor glycemic control when compared 
to diabetic patients without periodontitis.17

The inflammatory mediators originating from periodon-
tal sources can interact systemically with lipids, free fatty 
acid and advanced glycation end products (AGEs), all of 
which are characteristics of diabetes. This interaction in-
duces or perpetuates activation of the intercellular path-
ways, such as I kappa-β, Nuclear factor kappa β and the 
Protein jun N-terminal kinase axes, all of which are as-
sociated with insulin resistance. The activation of these 
inflammatory pathways in immune cells (monocytes or 
macrophages), endothelium cells, adipocytes and mus-
cle cells promotes and contributes to an increase in the 
overall insulin resistance, making it difficult to achieve 
metabolic control in patients with both type 2 diabetes 
and periodontitis.21

VISCERAL ADIPOSITY, OBESITY, INSULIN  
RESISTANCE, TYPE  2

DIABETES MELLITUS
In obesity, the initial deposition of triglycerides occurs in 
subcutaneous adipose tissue and as this increases, insu-
lin resistance will arise and limit further subcutaneous 
lipid accumulation. Triglycerides will then be diverted 
to the visceral fat depot as well as to ectopic sites. This 
leads to a substantial rise in insulin resistance and the 
prevalence of its associated disorders. Supporting studies 
indicate that in lean subjects the prime determinant of 
insulin resistance is BMI(Body mass index), that is, sub-
cutaneous fat, whilst in overweight and obese subjects, it 
is waist circumference and visceral adiposity. Accumula-
tion of fat in abdomen regions has major implications for 
metabolism, particularly for insulin sensitivity.9

Visceral adiposity is considered a risk factor for type 2 
diabetes mellitus in adults, as well as in first degree rela-
tives of patients with type 2 diabetes mellitus with nor-
mal glucose levels. Adipocytokines, hormones secreted 
by the visceral adipocytes, generate the insulin resistant 
state and the chronic inflammatory profile that frequent-
ly goes along with visceral obesity.
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VISFATIN

THE DISCOVERY, STRUCTURE  & TISSUE  DISTRI-
BUTION  OF VISFATIN
Visfatin is a newly discovered member of adipokine fam-
ily with the unique particularity within the group of hav-
ing two variant forms, identical in sequence and coded by 
the same gene, but with different localizations - the first 
is intracellular nicotinamide phoshoribosil transferase 
(iNampt), and the second extracellular (eNampt). The 
intracellular form of visfatin is ubiquitously expressed 
and it was proved so far to synthesize NMN, an inter-
mediate of NAD, through its phosphoribybosiltransferase 
activity. The extracellular form was found to be actively 
secreted by both white adipocytes 9 and brown adipo-
cytes, justifying its inclusion in the adipokine group. The 
extracellular form of Nampt/visfatin is synthesized and 
released to the extracellular milieu, where it could exert 
a variety of actions in a paracrine or endocrine manner. 
Structurally, extracellular visfatin shows a slightly high-
er molecular weight than the intracellular isoform and 
seems to undergo post-transcriptional modifications.10

Despite the fact that visfatin is a visceral adipokine, it 
has been found in skeletal muscle, liver, bone marrow 
and lymph. Visfatin was originally identified as a cy-
tokine-like secreted protein that synergizes the effect of 
IL-7 and stem cell factor in promoting the growth and 
differentiation of B-cell lineage precursors. It was origi-
nally called Pre-B cell colony enhancing factor (PBEF) 
which is protein with a enzymatic activity10 and acts as 
a nicotinamide phosphoribosyltransferase (Nampt).10It is 
expressed in lymphocytes of peripheral blood and plays 
a role in lymphocytes maturation and inhibition of neu-
trophil apoptosis.22

Visfatin is a 52 kDa large protein, and its gene PBEF/
Visfatin is located on chromosome 7q22.2. It consists of 
11 exons and 10 introns and is 34.7 kb large.

Fukuhara et al.9 presented Visfatin as a newly identi-
fied adipocytokine with many possible effects in physi-
ological regulation in humans and a possible role in the 
development of some pathological conditions. Plasma 
Visfatin levels positively correlated with obesity develop-
ment and had insulin-mimetic activity.

VISFATIN IN REGULATION OF INSULIN SIGNAL-
LING
A very important finding is Visfatin’s insulin-mimetic 
activity. The insulin-mimetic activity was explored in 
various experiments. Visfatin lowered plasma glucose 
level in mice. In heterozygous mice with mutated Vis-
fatin gene, slightly higher plasma glucose levels were 
observed than in wild type individuals. The effect of Vis-
fatin on cultured cells is found to be similar to that of 
insulin. Visfatin not only influenced glucose uptake into 

3T3-L1 adipocytes and L6 myocytes, but also suppressed 
glucose release from H4IIEC3 hepatocytes. 9

Further it was described that Visfatin binds to insulin re-
ceptor in a different binding site than insulin. Visfatin in-
duced the phosphorylation of insulin receptor, IRS1 and 
also IRS2 (insulin receptor substrate).9 Visfatin could 
act as an attractive target molecule with insulin-mimetic 
activity, which is non-competitive with insulin, in phar-
macotherapy of insulin-resistant conditions. It is not sur-
prising that Fukuhara et al., considered the role of 
Visfatin in some metabolic disorders related to glucose 
homeostasis.9

VISFATIN AND TYPE 2 DIABETES MELLITUS
Visfatin is an endocrine, autocrine as well as paracrine 
protein with many functions including enhancement of 
cell proliferation, biosynthesis of nicotinamide mono- 
and dinucleotide and induction of hypoglycemia. Vis-
fatin has been shown to exert insulin mimetic and pro-
inflammatory effects, also functioning as an intracellular 
enzyme to produce NAD.10 The observation that visfatin 
has insulin-mimetic functions has raised the hypothesis 
that a dysregulation of the activity of this molecule may 
contribute to the metabolic syndrome and diabetes.

Chen M. P. et al., (2006) in their study investigated 
whether plasma visfatin level is altered in patients with 
type 2 diabetes mellitus. Plasma visfatin was found to be 
elevated in patients with type 2 diabetes mellitus when 
compared to age & sex matched controls. Increasing con-
centrations of visfatin were independently and signifi-
cantly associated with type 2 diabetes mellitus.2

VISFATIN AND OBESITY
Human body contains two types of adipose tissue – sub-
cutaneous and visceral fat. Visceral fat is significantly 
related to metabolic disorders, especially metabolic syn-
drome, and represents a strong risk factor. Metabolic 
syndrome is associated with the central obesity, type 2 
diabetes mellitus, insulin resistance, hypertension and 
higher cardiovascular risk. Obesity has also been asso-
ciated with increased accumulation of macrophages in 
visceral fat and the amount of macrophages is positively 
correlated with the total fat mass of the body.

Fukuhara et al (2005) 9 reported that plasma Visfatin 
levels correlated strongly with the amount of visceral fat, 
but only mildly with the amount of subcutaneous fat in 
their experiment on 101 male and female human sub-
jects. They also analyzed the mRNA Visfatin expression 
in the visceral and subcutaneous fat in KKAy mice which 
are models for obesity & type 2 Diabetes. In the time 
period, when the mice become obese (between 6 and 
12 week of age), Fukuhara et al. found increased levels 
of plasma Visfatin which correlated with the increase of 
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mRNA Visfatin expression in visceral fat. On the contrary, 
no significant changes were found in mRNA expression 
in subcutaneous fat9

VISFATIN AND IMMUNE AND INFLAMMATORY 
PROCESS
One of the fundamental functions of visfatin/PBEF/
Nampt is the modulation of immune and inflammatory 
processes. Moschen et al (2007)10 has revealed that 
human leukocytes can be activated by visfatin to pro-
duce several pro and anti-inflammatory cytokines. While 
stimulation of CD14+ monocytes by visfatin leads to the 
production of IL-1β, TNF-α and IL-6, on the other hand, 
anti-inflammatory cytokines such as IL-1Ra and IL-10 
might also be produced by stimulation of monocytes by 
visfatin. Moreover, this adipokine enhanced the surface 
expression of the co-stimulatory molecules CD54, CD40 
and CD80 in CD14+ monocytes. Furthermore, it has 
been noted that visfatin/PBEF/Nampt was able to acti-
vate antigen presenting cells (APCs) and enhance phago-
cytosis in monocytes.10 In addition, trafficking CD14+ 
monocytes and CD19+ B-cells into sites of inflammation 
is another important function of visfatin which is deemed 
to be a strong chemotactic factor for these cells.10

Moreover, it has been reported that visfatin activated nu-
clear factor-kappa B which has a crucial role in regulating 
immune responses.9 Indeed, it has been illustrated that 
serum visfatin levels positively correlated with IL-6 and 
CRP levels in human serum, which in turn corroborated 
the significance of visfatin as inflammatory cytokine. 
Up-regulation of visfatint has been also identified in a 
variety of pathophysiological conditions of the immune 
system including rheumatoid arthritis, psoriasis , clinical 
sepsis and acute lung injury.10

VISFATIN AND PERIODONTAL DISEASE
Recently, there has been mounting body of studies many 
number of trials were have been done investigating the 
association of visfatin with periodontal disease. A pilot 
study exploring the gene expression signature in patho-
logical gingival tissues has revealed Visfatin as one of the 
top 20 genes that have been distinguished in periodon-
titis lesions. Moreover, stimulating monocytic cell line 
with P.gingivalis and

E.coli LPS has yielded a differential up-regulation in Vis-
fatin gene expression by

E.coli LPS when compared with P.gingivalis LPS.20

Pradeep A R et al., (2011) 24 assessed gingival crev-
icular fluid and serum visfatin concentration in subjects 
with periodontal health and disease. A total of 40 indi-
viduals (20 males and 20 females; age range: 23 to 53 
years) were selected and divided into three groups based 
on the gingival index, probing depth, clinical attachment 

level, and radiologic parameters (bone loss). GCF and se-
rum samples were collected to estimate levels of visfatin 
using an enzyme-linked immunosorbent assay kit. Mean 
visfatin concentrations increased in GCF and serum with 
the severity of disease from healthy to gingivitis to peri-
odontitis groups and differed significantly (P <0.05). 
However, it was found that GCF levels of visfatin were 
higher than serum values. The highest to lowest visfa-
tin concentrations were found in chronic periodontitis 
patients, gingivitis patients and healthy subjects respec-
tively. The results suggest that GCF and serum visfatin 
concentrations increase with the severity of periodontal 
disease.

CONCLUSION

There is a plethora of evidence available demonstrating 
an association between higher circulating levels of vis-
fatin and the development of type 2 diabetes. Visfatin is 
also found to exert insulin mimetic and proinflammatory 
effects and this observation has raised the hypothesis 
that a dysregulation of the activity of this molecule may 
contribute to the metabolic syndrome and diabetes.

The presence of Periodontal disease may influence the 
systemic inflammatory condition in individuals with 
diabetes. Periodontal inflammation causes elevation of 
circulating levels of proinflammatory cytokines includ-
ing visfatin which can influence insulin resistance and 
modulate inflammation and immune responses.
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