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The Potential of Adiponectin in Driving Arthritis1
Angela Ehling,3*† Andreas Schäffler,3* Hans Herfarth,* Ingo H. Tarner,†¶ Sven Anders,‡
Oliver Distler,§ Gisela Paul,* Jörg Distler,§ Steffen Gay,§ Jürgen Schölmerich,*
Elena Neumann,¶ and Ulf Müller-Ladner2¶
Articular adipose tissue is a ubiquitous component of human joints, but its local functions are largely unknown. Because recent
studies revealed several links between adipose tissue, adipocytokines, and arthritis, we investigated the expression of the adipocytokine adiponectin and its functional role in articular adipose tissue and synovium of patients with different arthritides. In
contrast to its protective role in endocrinological and vascular diseases, adiponectin was found to be involved in key pathways of
inflammation and matrix degradation in the human joint. The effects of adiponectin in human synovial fibroblasts appear to be
highly selective by inducing only two of the main mediators of rheumatoid arthritis pathophysiology, IL-6 and matrix metalloproteinase-1, via the p38 MAPK pathway. Owing to the observation that these effects could be inhibited by different TNF-␣
inhibitors, adipocytokines such as adiponectin may also be key targets for therapeutic strategies in inflammatory joint diseases.
In summary, articular adipose tissue and adipocytokines cannot be regarded as innocent bystanders any more in chronic inflammatory diseases such as arthritis. The Journal of Immunology, 2006, 176: 4468 – 4478.

A

dipose tissue is a ubiquitous tissue, which can be found
as a structural component of many organs of the human
body, including the skin, gut, heart, and joints, and frequently serves the purpose of smoothing out gaps or incongruities
between different tissues. In terms of biological function, adipose
tissue in general has been regarded for decades as a specialized
type of connective tissue that only plays a role in energy metabolism by storing energy as triglycerides or releasing energy as fatty
acids. Specifically, the adipose tissue of diarthrodial joints has not
been regarded as having any biological function other than padding gaps between the articulating bones.
Recently, however, there has been growing evidence that the
dominant cell type of adipose tissue, the adipocyte, has the ability
to synthesize and release proinflammatory molecules, complement
factors, signaling molecules, growth factors, and adhesion molecules (1, 2), suggesting an integrated function of adipocytes in
tissue inflammation. Among these molecules are IL-6, macrophage
migration inhibitory factor, M-CSF, TNF-␣, complement factor
3a, C1-inhibitor, C1r, complement factor B, adipsin (complement
factor D), leptin, resistin, and adiponectin (3–15). For these molecules, the term “adipocytokines” was introduced (1), which re-
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flects the novel function of adipose tissue as an immunological,
endocrine, and paracrine organ.
Given these findings, articular and synovial adipose tissue can
be suspected of playing a role in joint inflammation, but thus far,
the local biological function of articular adipose tissue has remained largely unknown. Therefore, it is of special interest that
recent studies have revealed numerous novel links between adipose tissue, adipocytokines, and inflammatory joint disease (16 –
21). For instance, Ushiyama et al. (19) described the synthesis of
proinflammatory cytokines and growth factors in the infrapatellar
fat pad from patients with osteoarthritis (OA),4 and Yamasaki et al.
(20) demonstrated that fibroblasts have the potential to transform
into adipocytes under the influence of cytokines. Moreover, when
analyzing adipocytokine levels in the synovial fluid of patients
with rheumatoid arthritis (RA) and OA, we detected high levels of
resistin and adiponectin (21).
Adiponectin was originally described as an adipocytokine exclusively expressed by adipose tissue, but meanwhile, it was found
to be expressed by osteoblasts as well (22). Interestingly, adiponectin shares strong homologies with the complement factor
C1q and the proinflammatory cytokine TNF-␣. Thus, it belongs to
the C1q-TNF-superfamily, the members of which are thought to be
derived from a common progenitor molecule and to share common
(proinflammatory) functions (23).
Thus far, adiponectin has been investigated primarily in the context of lipid and glucose metabolism as well as the pathogenesis of
atherosclerosis. For instance, adiponectin has been found to prevent the transformation of macrophages into foam cells by inhibiting lipoprotein lipase and class-A-scavenger receptor, thus reducing intracellular cholesterol levels (24). In addition,
adiponectin down-regulates TNF-dependent expression of the adhesion molecules ICAM-1, VCAM-1, and E-selectin in human
aortic endothelial cells, thus inhibiting endothelial adhesion of
monocytes (3, 25).
4
Abbreviations used in this paper: OA, osteoarthritis; RA, rheumatoid arthritis;
RASF, RA synovial fibroblasts; OASF, OA synovial fibroblasts; MMP-1, matrix metalloproteinase-1; SSc, systemic sclerosis; Nf, normal fibroblast; siRNA, small interfering RNA; PKC, protein kinase C; PKA, protein kinase A; cPKA, cAMP-dependent
PKA.
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Obesity and obesity related diseases are a major public health problem. Recent

studies have shown that fat tissue is not a simple energy storage organ, but exerts
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endocrine

and

immune
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through release of adipocytokines, which include
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several novel and highly active

molecules released abundantly by adipocytes like leptin, resistin, adiponectin or

visfatin, as well as some more classical cytokines released possibly by inflammatory

α, IL-6, MCP-1 (CCL-2), IL-1. All of those molecules
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exerts hypoglycemic effect by reducing glucose release from hepatocytes and
stimulating glucose utilization in peripheral tissues (52). The latter property could
make

this

molecule

very

useful

in

the

potential

treatment

of

diabetes.

Interestingly, known as PBEF, visfatin was also identified in inflammatory cells
and its levels were increased in various inflammatory conditions (51).
Apelin is another short peptide released from adipocytes upon stimulation by
e.g.

insulin.

In

line

with

this,

plasma

apelin

levels

are

increased

in

obesity

associated with insulin resistance and hyperinsulinemia (52). Three forms of
apelin, consisting of 13, 17, or 36 amino acids, all originating from a common 77amino-acid

precursors

(52).

In

the

cardiovascular

system,

apelin

elicits

endothelium-dependent, nitric oxide-mediated vasorelaxation and reduces arterial
blood pressure (53). In addition, apelin demonstrates potent and long-lasting
positive inotropic activity.
Biology and cardio-vascular effects of apelin and visfatin have been recently
extensively reviewed elsewhere (52), and will not be discussed in large extent here.
Effects of adipocytokines on immune system
The fact that excessive amounts of adipose tissue are related to increased
systemic inflammation has been proven in both clinical and experimental setting
(9). This is related to the ability of adipocytes to produce cytokines as well as the
inflammatory infiltration of fat by monocytes, macrophages and possibly other
inflammatory

cells

like

lymphocytes.

The

relative

importance

of

those

compartments of fat in obese individuals remains disputed (49).
Classical cytokines

α,

Several classical cytokines such as TNF-

IL-6, or selected chemokines

can be released from adipocytes, and may participate in the regulation of obesity

α,

as well as insulin resistance etc. Both TNF-

and to a larger extent IL-6 are

expressed in adipocytes, themselves. In fact nearly 30% of total IL-6 in obesess
individuals can originate from adipocytes (54). Chemokines produced within
adipocytes include MCP-1 and IL-6 and may be responsible for macrophage
infiltration of adipose tissue (54). Other chemokines like RANTES (CCL-5) may
be released as well, leading to the recruitment of other e.g. T cells which can
participate in further production of numerous cytokines (55). Inflammatory cells,
infiltrating fat create a milieu which perpetuates inflammation within the adipose
tissue and activates adipocytes themselves to produce inflammatory mediators
and adipocytokines, closing a vicious circle of inflammation related to obesity
(56). One of the very important aspects of classical cytokines derived from
inflammatory

cells

is

their

importance

in

the

pathogenesis

of

the

metabolic

α deficient obese mice (ob/ob, leptin deficient mice)

syndrome. For instance TNF-

did not develop insulin resistance to the same extent as obsess mice which had

α

functional TNF-

pathway (57). It is however not completely clear where does
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Adipokines as emerging mediators of immune
response and inflammation
Francisca Lago, Carlos Dieguez, Juan Gómez-Reino and Oreste Gualillo*

S U M M A RY
The scientific interest in the biology of white adipose tissue (WAT) has
increased since the discovery of leptin in 1994. The description of the
product of the gene obese (ob) demonstrated the role of adipose tissue in
the physiopathology of obesity-related diseases, and helped to increase the
identification of numerous other adipokines, many of a pro-inflammatory
nature. It has become increasingly evident that WAT-derived adipokines
can be considered as a hub between obesity-related exogenous factors, such
as nutrition and lifestyle, and the molecular events that lead to metabolic
syndrome, inflammatory and/or autoimmune conditions, and rheumatic
diseases. In this Review, we will discuss the progress in adipokine research,
focusing particular attention to the roles of leptin, adiponectin, resistin,
visfatin, and other recently identified adipokines in inflammatory,
autoimmune and rheumatic diseases.
KEYWORDS adipokines, articular degenerative diseases, immune system,
inflammation

REVIEW CRITERIA
Papers discussed in this review were identified from the authors’ own databases
and were supplemented with searches on PubMed and online journals. Only peerreviewed, English-language journals were included in the search. The following
keywords were used in various combinations: “adipokines”, “adipocytokines”,
“osteoarthritis”, “rheumatoid arthritis”, “matrix degradation”, “immunity”, “leptin”,
“adiponectin”, “resistin”, “visfatin”, “apelin”, “vaspin”, “hepcidin”, “omentin“, and
“chondrocytes”. We have also included experimental data from our own research
aimed at identifying the molecular mechanisms of leptin and other relevant
adipokines in experimental model systems and patients.
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Continuing Medical Education online
Medscape, LLC is pleased to provide online continuing
medical education (CME) for this journal article, allowing
clinicians the opportunity to earn CME credit. Medscape,
LLC is accredited by the Accreditation Council for
Continuing Medical Education (ACCME) to provide CME
for physicians. Medscape, LLC designates this educational activity for a maximum of 1.0 AMA PRA Category 1
Credits™. Physicians should only claim credit commensurate with the extent of their participation in the
activity. All other clinicians completing this activity will
be issued a certificate of participation. To receive credit,
please go to http://www.medscape.com/cme/ncp
and complete the post-test.
Learning objectives
Upon completion of this activity, participants should be
able to:
1 Define adipokines.
2 Name some adipokines associated with inflammatory
and autoimmune diseases.
3 Describe the role of leptins.
4 Identify the roles of adiponectin in the inflammatory
and immune processes.
5 Describe the origin and functions of visfatin in
relation to inflammation.

INTRODUCTION
The two faces of white adipose tissue

The theory that white adipose tissue (WAT)
could be an active contributor to whole-body
homeostasis rather than just a fat depot became
tangible with the discovery of leptin in 1994.1
This 16 kDa protein was found to be the product
of the gene obese (ob), which is mutated in the
murine form of hereditary obesity. WAT has since
been found to produce more than 50 cytokines
and other molecules (Figure 1). These adipokines
engage, through endocrine, paracrine, autocrine
or juxtacrine mechanisms of action, in a wide
variety of physiological or pathological processes,
including immunity and inflammation.2
It is important to underline that the term
‘adipokine’ is generally applied to biologically
active substances found in the adipocytes of
WAT; however, these factors might be synthesized
at other sites and participate in functions
unrelated to those within WAT.3 Obesity, the
condition initially spurring the flood of research
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Atherosclerosis
Obesity
Rheumatoid arthritis
Osteoarthritis
Diabetes
Liver injury
Cardiovascular diseases

Chemokines
CCL2
CXCL8
CXCL10
CCL5
Fatty acids
Cholesterol
Retinol
Prostanoids
Steroid hormones

Obesity
Type 2 diabetes (?)
Apnoea syndrome
Chronic kidney disease
Atherosclerosis
Arthritis (?)
Fatty liver disease

Adiponectin
Resistin

White
adipose
tissue

Leptin

Insulin resistance
Rheumatoid arthritis
Osteoarthritis
Hepatitis
Intestinal inflammation
Sepsis
Encephalomyelitis

Visfatin
PAI1
NGF
VEGF

IL-1
IL1-RA
IL-6
TNF
IL-10

Apelin
Vaspin
Omentin
Hepcidin

Type 2 diabetes
Rheumatoid arthritis
Septic shock
Lung injury

Figure 1 The multiple functions of white adipose tissue include the synthesis
and secretion of adipokines, and the uptake, storage and synthesis of lipids.
White adipose tissue, the main energy store of the body, is also a source of
proinflammatory factors that modulate the inflammatory response and promote
atherosclerosis, vascular dysfunction and insulin resistance. Inflammatory
or immune diseases to which the major adipokines contribute by action
or omission are depicted in boxes. Adipocyte-derived factors and their
downstream signals might constitute therapeutic options for the treatment
of these diseases. Abbreviations: CCL, CC-chemokine ligand (CCL); CXCL,
CXC-chemokine ligand (CXCL); IL, interleukin; IL1-RA, interleukin-1-receptor
antagonist; NGF, nerve growth factor; PAI1, plasminogen activator inhibitor 1;
TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.

encephalomyelitis, type I diabetes and experimentally induced hepatitis.2 De Rosa et al.
demonstrated that leptin neutralization
directly reversed anergy and T-cell receptor
hyporesponsiveness of regulatory T cells,
providing new insights about the role of leptin
in autoimmunity.13 Together with other neuroendocrine signals, leptin seems to play a role in
autoimmune diseases such as RA, but whether
leptin can harm or protect joint structures in
RA is still unclear (Table 2). In patients with RA,
circulating leptin levels have been described as
either higher or unmodified in comparison to
healthy controls.14,15 In RA patients, a fastinginduced fall in circulating leptin is associated with
CD4+ lymphocyte hyporeactivity and increased
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IL-4 secretion.16 Experimental antigen-induced
arthritis is less severe in leptin-deficient ob/ob
mice than in wild-type mice, whereas leptindeficient mice and leptin-receptor-deficient mice
exhibited a delayed resolution of the inflammatory process in zymosan-induced experimental
arthritis. Notably, leptin decreased the severity of
septic arthritis in wild type mice. So, in the light
of the present results it seems difficult to make an
unambiguous conclusion about a potential role
of leptin in RA.17
In osteoarthritis, leptin production is much
higher in osteoarthritic human cartilage than
in normal cartilage. The finding that administration of exogenous leptin increases IGF1
and TGFβ1 production by rat knee-joint cartilage has suggested that high circulating leptin
levels in obese individuals might protect cartilage from osteoarthritic degeneration. Under
pathological conditions, however, control of
matrix homeostasis by chondrocytes in the
joint is lost, and most of the evidence points
the other way (Figure 3).18 In cultured human
and murine chondrocytes, type 2 nitric oxide
synthase (NOS2) is activated by the combination of leptin plus IFNγ, and NOS2 activation
by IL-1 is increased by leptin via a mechanism
involving JAK2, PI3K, MEK1 and p38.19,20
Recently, it has been demonstrated that leptin
is also able to induce the synthesis of relevant
matrix metalloproteinases (MMPs) involved in
cartilage damage, such as MMP9 and MMP13.
Notably, small interfering RNA against leptin
directly deactivated MMP13, which was
upregulated after the epigenetic reactivation
of leptin.21,22
A pro-inflammatory effect of leptin on cartilage would be in keeping with the fact that,
in comparison with men, women have both
higher circulating leptin levels and a greater
propensity to develop osteoarthritis.7 It would
also explain the association between obesity
and inflammatory conditions, especially those
related to alterations of cartilage homeostasis.
Finally, in patients with ankylosing spondylitis, serum leptin was decreased compared to
healthy controls, whereas in female patients
with systemic lupus erythematosus (SLE), leptin
levels were higher than in healthy controls.15
ADIPONECTIN

Adiponectin (also known as GBP28, apM1,
Acrp30, or AdipoQ) is a 244-residue protein
that is produced largely by WAT. Adiponectin has
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Table 1 Adipokine effects on innate and adaptive immunity.
Adipokines

Leptin

Effect on immunity
Adaptive

Innate

TH1 cell activation
IgG2a switch
TNF, IFNγ
TH2 cell inhibition
IgG1 switch
TREG cells
Anergy
TCR hyporesponsiveness
Thymocytes
Apoptosis
Maturation
Naive T cells
Proliferation
Apoptosis
Memory T cells
Anti-CD3 driven proliferation
B cells
Apoptosis
Peripheral cell pool
Pro-B cells
Lymphopoiesis

Monocyte/macrophage
Proliferation
Phagocytosis
IL1, IL6 , TNF
Monocytes
IL-1RA, CD25 , CD71
Macrophages
NOS, LTB4, COX2
Neutrophils
Chemotaxis
Hydrogen peroxide production
Dendritic cells
Apoptosis
Maturation
TH1, TH2 cytokines
IL-1β, IL-12, IL-6, TNF
NK cells
Survival
Cytotoxicity

Bone marrow hematopoietic stem cells
Proliferation
Hematopoiesis
Adiponectin

B cell lymphopoiesis
T cell responses

Phagocytosis
Endothelial adhesion molecules
IL-10, IL-1RA, IFNγ
TNF, NFκB, IL-6
IL-8 (CXCL8) HMW form +LPS

Resistin

N/A

Endothelial adhesion molecules
NFκB
IL-1β, IL-12, IL-6, TNF

Visfatin

N/A

Neutrophil apoptosis
Chemotaxis
IL-1RA, IL-1β, IL-8, IL-6, TNF

Abbreviations: COX2, cyclo-oxygenase 2; HMW, high molecular weight; IgG, immunoglobulin G; IFN, interferon; IL, interleukin;
LPS, lipopolysaccharide; LTB4, leukotriene B4; N/A, not available; NFκB, nuclear factor κB; NK, natural killer; NOS, nitric oxide
synthase; TCR, T-cell receptor; TH, helper T cell; TNF, tumor necrosis factor; TREG, regulatory T cell.

In human synovial fibroblasts, adiponectin
induces two of the main mediators of RA via
the p38 MAPK pathway: IL-6 and MMP1.28
Chondrocytes also present functional adiponectin receptors, activation of which leads to
the induction of NOS2 via a signaling pathway
that involves PI3 kinase; and adiponectintreated chondrocytes similarly increase IL-6,
TNF and MCP1 (monocyte chemotactic
protein 1) synthesis (but not release of prostaglandin E2 or leukotriene B4).29 Taken together,
these results suggest that it might be worth
considering adiponectin as a potential target
of treatment for degenerative joint diseases.
On the other hand, the high adiponectin levels
of patients with RA can also be interpreted as
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an attempt to overcome the well-known proinflammatory effect of leptin, for example by
counteracting the pro-inflammatory effects of
TNF and reducing the production of IL-6 and
C-reactive protein in RA.
RESISTIN

Resistin is a dimeric protein that received its name
from its apparent induction of insulin resistance
in mice. It belongs to the FIZZ (found in inflammatory zones) family (also known as RELMs, i.e.
resistin-like molecules). Resistin (FIZZ3) has
been found in adipocytes, macrophages and other
cell types.30
It has been postulated that resistin mediates
insulin resistance, but this role may be limited
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Table 2 Adipokines in rheumatic diseases.

Leptin

RA

Osteoarthritis

Other rheumatic diseases

Leptin levels
or = regardless of
correlation with
CRP and IL-6

Leptin expression in cartilage with
severity of osteoarthritis
NOS2 (synergy with IFN-γ and IL-1)
MMPs 9–13
IGF-1, TGFβ
In synovial fluid versus serum

In ankylosing spondylitis, leptin
levels compared with healthy
controls
In systemic lupus erythematosus,
leptin levels

Adiponectin

levels in RA

Synovial versus serum
IL-6 and MMP1 by synovial
fibroblast

Not modified in ankylosing
spondylitis
in systemic lupus erythematosus

Visfatin

levels in RA

N/A

N/A

Induces osteoarthritis when injected
into mouse knee joints

N/A

Resistin

Levels unchanged
in RA

Abbreviations: CRP, C-reactive protein; IFN, interferon; IL, interleukin; MMP, matrix metalloproteinase; N/A, not available;
NOS, nitric oxide synthase; RA, rheumatoid arthritis.

to rodents. Earlier excitement about this theory,
which provides a direct connection between
adiposity and insulin resistance, was rapidly
extinguished by contradictory findings in both
mice and humans.

in serum (which shows that circulating levels
of adipokines do not necessarily reflect the
situation in the joint), the discrepancy might
be due simply to the increased permeability of
inflamed synovial membrane, or could simply
be an epiphenomenon.14,27,34

Resistin and inflammation

It is suggested that resistin is engaged in
inflammatory conditions in humans by means of
its secretion in substantial quantities by mononuclear cells. Also, resistin levels are mutually
correlated with those of cell adhesion molecules such as ICAM1 in patients with obstructive sleep apnea, and in atherosclerotic patients
are positively associated with other markers of
inflammation, such as soluble TNF-R type II and
lipoprotein-associated phospholipase A2.31,32
Furthermore, LPS has been reported to induce
resistin gene expression in primary human and
murine macrophages via a cascade involving the
secretion of pro-inflammatory cytokines, and
in human peripheral blood mononuclear cells
resistin seems both to induce and be induced
by IL-6 and TNF (induction of these cytokines by
resistin occurring via the NFκB pathway).33,34
Resistin might also be involved in the pathogenesis of RA: it has been found in the plasma
and the synovial fluid of RA patients, and injection of resistin into mice joints induces an
arthritis-like condition, with leukocyte infiltration of synovial tissues, hypertrophy of the synovial layer and pannus formation.34,35 Plasma
resistin levels in patients with RA, however, seem
to be similar to those found in healthy controls;
and although in some studies RA patients’
resistin levels were higher in synovial fluid than

VISFATIN

Visfatin is an insulin-mimetic adipokine that
was originally discovered in liver, skeletal
muscle and bone marrow as a growth factor
for B lymphocyte precursors (whence its alternative name, pre-B-colony enhancing factor,
or PBEF).36,37 It is upregulated in models of
acute lung injury and sepsis.37 Circulating
visfatin levels are closely correlated with WAT
accumulation, visfatin mRNA levels increase
in the course of adipocyte differentiation,
and visfatin synthesis is regulated by several
factors, including glucocorticoids, TNF, IL-6
and growth hormone. Visfatin is not only
produced by WAT, but also by endotoxinchallenged neutrophils, in which it prevents
apoptosis through a mechanism mediated
by caspases 3 and 8.37 Also, patients with
inflammatory bowel diseases have elevated
circulating visfatin levels and increased levels
of visfatin mRNA in their intestinal epithelium.
Visfatin has been shown to induce chemotaxis
and the production of IL-1β, TNF, IL-6 and
costimulatory molecules by CD14+ monocytes, and to increase their ability to induce
alloproliferative responses in lymphocytes,
effects which are mediated intracellularly
by p38 and MEK1.38 In addition, circulating
visfatin is higher in patients with RA than in
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I-2

Autoantibodies in RA

Similar to Robert Koch’s postulates defining the requirements for a causal relationship between a
microbe and a disease, Witebsky postulated that a disease must fulfil three criteria to be considered
autoimmune in nature. These postulates require 1) the presence of autoantibodies or a cell-mediated
immune response against an autoantigen, 2) that the respective autoantigen is known and 3) that a
similar disease can be initiated in animals based on an analogous immune response (4).
As is the case for other autoimmune diseases, an array of antibodies targeting self-antigens (e.g.
collagen type II, calreticulin, cathepsin, BiP, CH65, etc.) has been characterized in RA. Although the
corresponding antigen is usually known, demonstrating pathogenetic relevance of the respective
autoantibody has proven far more difficult. Thus, rheumatoid arthritis has long been considered an
autoimmune disease, although evidence fulfilling the third Witebsky postulate was generally lacking.
The initial notion that mechanisms of autoimmunity might underlie RA pathogenesis came from the
discovery of autoantibodies targeting the Fc-part of human IgG (so called “rheumatoid factors” (RF))
in the blood of affected patients (5;6). RF, present mostly as IgM-RF, but detectable in subgroups of
patients also as IgG- and IgA-RF, are thought to form immune complexes activating complement in
the joint, which in turn leads to increased vascular permeability and the release of chemotactic factors
recruiting immune-competent effector cells to the joint (7). The mere presence of RF, however, is
insufficient to initiate arthritis development, as RF is also found in infectious diseases, autoimmune
diseases other than RA and in up to 15% of healthy, mostly elderly individuals. Thus, sensitivity and
specificity of RF are, depending on the population studied, 60-70% and 50-90%, respectively.
Nonetheless, the presence of RF is one of 7 diagnostic criteria for RA put forward by the American
College of Rheumatology in 1987 (2;8).
The so far best known candidate to fulfil all three Witebsky postulates, however, and as such the
autoantibody most likely directly related to RA-pathogenesis, targets proteins containing the atypical
amino-acid citrullin. Citrullination is a process by which arginine residues in a given protein are posttranslationally modified in the presence of relatively high calcium-concentrations by an enzyme called
PAD (peptidyl arginine deiminase). Functionally, it is believed that citrullination is important for the
degradation of intracellular proteins during apoptosis. In 1998, long-known antibodies present in RAsera called antiperinuclear factor (discovered already in 1964 (9)) and antibodies directed against
keratin (first described in 1979 (10)) were found to recognize a common target, namely citrullinated
fillagrin (11;12). Meanwhile, citrullin-specific reactivities against additional proteins (e.g. fibrinogen
and vimentin) have been identified, and by the use of novel assays anti-citrullinated protein antibodies
(ACPA) are now found in 60-70% of RA-patients, but hardly in other diseases or healthy subjects.
Thus, ACPA display unique specificity for RA, and ongoing studies are evaluating fine-specificity,
affinity and immunoglobulin-subtypes of the ACPA-response in individual patients (13).
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ACPA can be detected in sera several years before clinical onset of arthritis, their presence predicts
progression from undifferentiated arthritis to RA and is associated with a more severe course of
disease. Active citrullination has been detected in RA synovium, whereas citrullinated proteins are
absent from healthy joints. Interestingly, the strongest genetic risk factor for the development of RA,
the presence of shared epitope alleles (see below), has been found to be associated not with RA
itself, but only with ACPA-positive RA, indicating that ACPA-status defines a specific diseasephenotype (14). This finding strongly suggests a crucial role for ACPA in RA-pathogenesis, although
experimental evidence for the third Witebsky postulate is still scarce. Citrullination of a peptide
binding to HLA-DRB1*0401 in a HLA-DR4 transgenic mouse has been shown to increase peptideMHC affinity and to activate CD4+ T-cells (15). Also, monoclonal antibodies against citrullinated
fibrinogen have been shown to enhance arthritis in a mouse model of pre-existing collagen-induced
arthritis (16). Although these data using engineered ACPA or citrullinated antigens are indicative, data
showing arthritis induction by endogenously produced ACPA is still lacking.

I-3

Genetic Risk Factors

Comparisons between concordance rates in monozygotic twins in several populations indicate that
approximately 50% of the variation in prevalence of RA is caused by genetic factors. The strongest
and most relevant genetic risk factor for the development of RA, contributing around 30% to the total
genetic effect, is found in HLA class II molecules on chromosomal location 6p21.3, and relates to
experiments first performed in 1969. In autologous mixed lymphocyte reactions, lymphocytes from
RA-patients proliferated poorly when cultured with lymphocytes from other RA-patients, whereas their
proliferative potential was normal in response to lymphocytes from healthy donors (17;18). This
finding indicated genetic similarities between RA-patients, which were subsequently found to reside in
the MHC class II locus, namely the HLA-DRB1 alleles. Several HLA-DRB1 molecules (*0101, *0102,
*0401, *0404, *0405, *0408, *1001 and *1402) share a common amino acid sequence at position 7074 in the third hypervariable region of the DRβ1-chain. This sequence consisting of glutamineleucine-arginine-alanine-alanine (QKRAA), QRRAA or RRRAA, has, therefore, been termed the
“shared epitope”. It is situated in the antigen binding cleft of the respective class II molecule and has
thus been implicated in binding of a putative arthritogenic peptide (“shared epitope hypothesis”) (19).
Multiple efforts aimed at identifying such a peptide, however, have failed, and recent availability of the
crystal structure of DR molecules indicates that the shared amino acids actually face away from the
antigen binding cleft. Thus, alternative explanations for the shared epitope effect have been put
forward, favouring a possible role of the sequence in shaping a T cell repertoire biased for
autoreactive, non-tolerogenic T-cells. More detailed analysis of the shared epitope revealed that
amino acids at position 70 and 71 flanking positions 72-74 (RAA) seem to modulate the T cell
response, thus influencing the risk conferred by the shared epitope to the development of RA.
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Alternatively, inconsistent findings might reflect the predominance of disease subgroups in different
populations. Thus, genetic variations in several genes which need further study might contribute to
RA susceptibility and severity independently of the strong effect exerted by HLA-class II molecules.
As outlined below, some of these effects are strongly influenced by environmental factors (geneenvironment interactions) (25).

I-4

Environmental Risk Factors

None of the aforementioned genetic risk factors in itself is sufficient to cause RA. Carrying one or
more of these factors may predispose to either disease development or disease severity, but
additional environmental factors are needed for genetic factors to exert their impact. In the context of
RA, some environmental factors may have specific effects directly related to RA-pathogenesis (e.g.
factors promoting citrullination of proteins), whereas others might have non-specific effects promoting
inflammation in general (e.g. triggers of innate immunity). Thus, the former will only be relevant for
subtypes of RA (e.g. ACPA-positive or negative RA), whereas the latter will influence disease in a
broader sense. In addition, these factors might be relevant at distinct time-points during disease
development.
Infections are major candidates for the induction of autoimmunity and have, therefore, been
intensively studied also in RA. Several pathogens (mycobacteria, Epstein-Barr Virus, Parvovirus B19
and others) have been debated to trigger the initial immune response necessary for RA-development
in a genetically susceptible host. To date, however, no pathogen-derived antigen has been clearly
linked to RA-pathogenesis, and convincing evidence for cross-reactivity of self-antigen-specific T- or
B-cells with pathogen-derived peptides (“molecular mimicry”) in a manner relevant for RAdevelopment is still lacking.
The most prominent example for a gene-environment interaction in RA-pathogenesis, however, is
cigarette smoking. Several years of smoking confer an increased risk for the development of RA.
Smoking is associated with more severe disease and the risk increases proportionally with the
number of pack-years. Importantly, smoking increases the risk for the development of ACPA-positive,
but not for ACPA-negative RA. This risk is further increased in the presence of shared-epitope alleles
(up to an estimated 21-fold as compared to shared-epitope negative non-smokers) (26;27). As
shared-epitope alleles themselves also predispose to the development of ACPA-positive RA only,
cigarette smoke could be involved in the induction of protein-citrullination. Supporting this hypothesis,
citrullinated proteins have been detected in bronchoalveolar lavage fluid from smokers but not from
non-smokers (28). Thus, smoking might induce apoptosis and subsequently citrullination in alveolar
cells, which, by a mechanism so far unknown, induces an anti-citrullin specific immune response.
How and why this response eventually targets the joints, however, remains unknown and might
require additional environmental factors.
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Next to smoking, additional environmental factors are associated with a risk for RA-development,
albeit without necessarily a clear gene-environment interaction. Some of these should be interpreted
with caution, however, as they have only been reported in one cohort or cohorts with small sample
sizes. As for smoking, most associations underline the notion that RA can be divided in subgroups, at
least by stratifying for ACPA-status.
Coffee consumption has shown association with RA in several cohorts, although stratification for
smoking usually reduced significance of this finding. In a Danish cohort, however, coffee consumption
did show association with ACPA-positive RA after adjustment for smoking. Alcohol intake, on the
other hand, seemed to have a protective effect on the development of ACPA-positive RA, whereas no
effect was found for ACPA-negative RA (29).
Strong association with ACPA-negative RA has been shown for individuals with high body-mass
index (29). Although this finding has been questioned by other studies (30) and could have been
confounded by osteoarthritis patients within the ACPA-negative RA-group, its immunological
significance could be interesting. Adipose tissue is receiving increasing attention due to its recently
discovered immune-modulatory properties, as adipocytes are an abundant source of pro- and antiinflammatory cytokines.
Occupational exposure to mineral oils (e.g. motor oils, hydraulic oils etc.) was found to be a risk factor
for ACPA-positive RA in males in a Swedish cohort, independently of the presence of shared epitope
alleles. This finding is of interest, as mineral oils are arthritogenic in certain rat-strains due to a yet
unknown mechanism (31).
Female predominance in various autoimmune diseases including RA suggests that sex hormones
and reproductive factors influence both RA-development and severity. Women with lower age at
menarche have a comparatively low risk for the development of RA. In the Danish cohort, for
example, women with older age at menarche (≥15) had an almost 2-fold risk to develop RA as
compared to women aged ≤12 years at menarche. Pregnancy is in itself a risk factor for the
development of RA, as around 12% of women with RA experience disease onset within one year
after pregnancy. During pregnancy, most women with RA (in older studies up to 90%) experience a
significant reduction in disease activity (including complete remissions), but almost all patients
relapse within six months after delivery. Multiparty (>3 children) favours a more severe course of
disease, but does not additionally increase the risk for developing RA. Use of oral contraceptives, on
the other hand, lowers disease severity, but data from initial studies showing a protective effect on RA
development could not be confirmed after adjustment for age (29;32).
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Macrophages are also responsive to oestrogens, a finding that could explain changes in disease
activity during pregnancy. Interestingly, physiological oestrogen levels induce IL-1 expression,
whereas higher levels (as occur in pregnancy) inhibit IL-1 secretion (55).
Macrophage function is in itself regulated by various cytokines that in some cases have autocrine
effects. IL-4, for example, downregulates macrophage function by reducing the expression of TNF-α,
IL-1β and PGE2. IL-10 lowers the expression of HLA-DR and reduces antigen processing and the
expression of Fc-receptors. Both IL-4 and IL-10 have strong anti-arthritic properties in murine models
of arthritis, and some studies have linked polymorphisms in the IL-10 gene to disease susceptibility
(56;57).

I - 5 - 5 Inflammatory cytokines
In many ways, the cytokine profile of RA synovium reflects the relative contribution of different celltypes to the inflammatory state. Studies evaluating cytokine profiles have tried to assess which cell
type predominates during different stages of disease development. Especially the initiation phase of
inflammation is thought to be distinct from a chronic, self-perpetuating phase. While studies in longstanding disease are hampered by the effects of therapy, assessment of cytokine profiles in early,
even undifferentiated arthritis are more suggestive. Recently, patients with early arthritis (symptom
duration less than 3 months) that progressed to RA were shown to exhibit a different synovial
cytokine profile than patients that remitted or developed other arthritides. Patients prone to develop
RA showed elevated levels of T cell-derived cytokines IL-2, IL-4, IL-13 and IL-17 and of stromal and
macrophage related cytokines EGF, βFGF, IL-1 and IL-15. IFN-γ was not detected in these samples,
and IL-6 seemed to be associated with inflammation independent of underlying disease phenotype.
Interestingly, this profile was absent from patients with established RA and seemed to be present only
transiently (58). These findings point towards an important role for T cells in the initiation phase of
RA. The absence of Th1-cytokine IFN-γ and the presence of Th2-cytokines IL-4 and IL-13 together
with (presumably) Th17-derived IL-17 are in favour of the recently revised Th1/Th2-paradigm
described above.
T cells, macrophages and stromal cells are also the main source of cytokines in established RA.
Macrophage derived cytokines, however, predominate, and T cell derived cytokines become less
abundant. Examination of synovial biopsies indicates that disease-subtype specific patterns might
exist. Distinct cytokine profiles were found to correlate with subtypes of lymphocyte infiltration in
active RA. In this study, diffuse lymphocytic infiltrates was associated with RF-negative RA and
displayed low levels of IFN-γ, IL-4, IL-1β und TNF-α. Germinal centre formation, on the other hand,
correlated with high levels of IFN-γ and IL-10, and absence of IL-4. Patients with extra-articular
disease manifestations showed synovial granuloma formation associated with high levels of IFN-γ, IL4, IL-1β and TNF-α (59).
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The therapeutic success of monoclonal antibody therapies underlines the importance of pleiotropic
cytokines TNF-α, IL-1 and IL-6 in maintaining chronic inflammation. Other cytokines such as IL-12, IL17, IL-23, IFN-γ, IL-4 and IL-10 have been discussed above. IL-18 needs consideration as
proinflammatory cytokine driving macrophage activation together with IL-12 and IL-15. IL-18 is over
expressed in RA synovium, it induces RANKL-expression in T cells (see below) and strongly
aggravates experimental arthritis. The existence of a natural inhibitor, IL-18 binding protein, makes IL18 an interesting therapeutic target (60). IL-15 attracts T cells and IL-15 activated T cells in turn
activate macrophages. It is expressed in the synovial membrane and by macrophages themselves.
Finally, TGF-β is an important regulator of tissue degradation and remodelling and displays pro- and
anti-inflammatory properties. It is produced by macrophages in RA synovium, and low expression of
TGF-β due to genetic polymorphisms is associated with disease severity. In addition, TGF-β drives
development of regulatory T cells, but can also enhance Th17-development in the presence of IL-6
(61).

I-6

Cartilage and Bone Degradation – The Role of Fibroblast and Osteoclasts

While immune effector cells discussed above are responsible for initiating and maintaining
inflammation, two cell types are of prime importance for destruction of cartilage and bone. Synovial
fibroblasts (SF) adhere to cartilage and degrade the extracellular matrix. Osteoclasts, on the other
hand, are mainly involved in bone destruction. Both cell types closely interact with cells of the immune
system and, by secreting large amounts of cytokines, participate themselves in the maintenance of
inflammation.
Synovial fibroblasts in RA are commonly found in the sub-lining layer of the synovium. Expression of
various transcription factors indicates that they proliferate locally, thus contributing to synovial
hyperplasia. SF in RA-patients show prolonged survival and resistance to apoptosis. Functionally,
they adhere to cartilage via attachment to fibronectin, collagen type VI and cartilage oligomeric matrix
protein (COMP), and display an aggressive invasive behaviour. Synovial fibroblasts are an abundant
source of IL-15, -16 and -17. They also secrete CXCL12, CXCL13 and members of the IL-6 family
(e.g. IL-11). These cytokines activate T cells and influence B cell migration and survival. Large
amounts of PGE2 additionally support inflammation. Degradation of cartilage is due to the secretion of
matrix metalloproteinases (MMPs) and cathepsins. Specifically, SF produce MMP-1, -3, -13, -14 and 15 as well as cathepsins B, K and L. These enzymes degrade extracellular matrix which generates
almost indefinite amounts of potential (neo-) antigens for T and B cell polyclonal proliferation (62).
Bone degradation in RA is mainly mediated by osteoclasts. Osteoclastogenesis, i.e. the differentiation
of osteoclasts from precursor cells, requires M-CSF and the presence of an osteoclast differentiation
factor (ODF).
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An optimal treatment strategy should include considerations on the presence or absence of predictors
of joint damage, since prevention of such damage is a major treatment goal. Several studies have
shown that female gender and the presence of erosions are predictors of progressive radiographic
abnormalities in RA.
The markers that are most relevant to consider in clinical practice are one of the composite disease
activity scores and laboratory markers. IgM serum rheumatoid factor (IgM-RF) has consistently been
shown to predict radiographic damage. Recent studies have shown that antibodies to cyclic
citrullinated peptide (Anti-CCP) is the strongest independent predictor of radiographic damage and
also that radiographic progression is associated with the level of antibodies. Several studies have
also shown that ESR and CRP are independent predictors of radiographic damage.
One recent Norwegian study showed that anti-CCP, IgM RF, ESR and female gender all were
independent predictors of radiographic progression and could be combined into an algorithm for
better prediction. Anti-CCP was the strongest contributor to the overall prediction model. In this study,
patients with high levels of anti-CCP were 10 times more likely than anti-CCP negative patients to
develop radiographic progression, and about 5 times more likely than patients with low-moderate
levels (79).
The algorithm with anti-CCP, IgM RF, high ESR and female gender predicted radiographic
progression on the individual level with good accuracy (Figure 10). Prediction of mild disease
(specificity) however, is more difficult than prediction of progressive disease (sensitivity).
In summary, an appropriate work-up in early RA should include both the evaluation of diagnosis and
also the evaluation of prognostic markers by assessing signs of structural damage, acute phase
reactants, number of swollen joints, rheumatoid factor, anti-CCP and disability level. Patients with
markers indicating severe and progressive disease should have the highest priority for early and
aggressive treatment with DMARDs.

Table 5: Prediction of outcome in RA
Prediction of future
Prediction of structural
physical disability
Damage
(HAQ-score)
Erosive disease
HAQ score
Acute phase reactants
Age
Acute phase reactants (?) Rheumatoid factor
Anti-CCP
Female gender (?)
Joint counts (?)
Level of education (?)
Genetic markers (shared
Joint counts (?)
epitope)
Rheumatoid factor (?)
Female gender (?)
Erosive disease (?)
Present HAQ score (?)

Prediction of
increased mortality
Age
Level of education /coping
Physical status
Rheumatoid factor
Comorbidities
Extraarticular manifestations
Gender (?)
Joint counts (?)
Acute phase reactants (?)
Structural damage (?)
Use of corticosteroids (?)
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ABSTRACT
Even though there have been major advances in therapy, atherosclerosis and coronary artery disease retain
their lead as one of the major causes of morbidity and mortality in the first decade of 21st century. To add to
the woes, we have diabetes, obesity and insulin resistance as the other causes. The adipose tissue secretes
several bioactive mediators that influence inflammation, insulin resistance, diabetes, atherosclerosis and
several other pathologic states besides the regulation of body weight. These mediators are mostly proteins
and are termed “adipocytokines”. Adiponectin, resistin, visfatin, retinol binding protein-4 (RBP-4) and leptin
are a few such proteins. Adiponectin is a multimeric protein, acting via its identified receptors, AdipoR1
and AdipoR2. It is a potential biomarker for metabolic syndrome and has several antiinflammatory actions.
Adiponectin increases insulin sensitivity and ameliorates obesity. Resistin, another protein secreted by the
adipose tissue, derived its name due to its involvement in the development of insulin resistance. It plays a
role in the pathophysiology of several conditions because of its robust proinflammatory activity mediated
through the activation of extracellular signal regulated kinases 1 and 2 (ERK 1/2). In 2007, resistin was
reported to have protective effect in ischemia-reperfusion injury and myocyte-apoptosis in the setting of
myocardial infarction (MI). RBP-4 is involved in the developmental pathology of type 2 diabetes mellitus and
obesity. Visfatin has been described as an inflammatory cytokine. Increased expression of visfatin mRNA
has been observed in inflammatory conditions like atherosclerosis and inflammatory bowel disease. Leptin
mainly regulates the food intake and energy homeostasis. Leptin resistance has been associated with
development of obesity and insulin resistance. Few drugs (thiazolidinediones, rimonabant, statins, etc.) and
some lifestyle modifications have been found to improve the levels of adipocytokines. Their role in therapy
has a lot in store to be explored upon.
Key words: Adipokine, adiponectin, leptin, resistin, retinol binding protein-4, visfatin

INTRODUCTION
The adipose tissue is no longer considered as a sluggish piece
of fat. The white adipose tissue (WAT) is found to be involved
not only in energy storage but also in various physiologic
processes. Several proteins produced by the adipose tissue have
been implicated in a multitude of pathologic conditions.[1,2]
These proteins are justifiably termed preferably as
“adipocytokines”.
The various cell signaling proteins secreted by the mature

adipocytes include adiponectin, tumor necrosis factor-α
(TNF-α), resistin, retinol binding protein-4 (RBP-4), visfatin,
plasminogen activator inhibitor 1 (PAI-1), leptin, omentin,
interleukin-6 (IL-6) and monocyte chemoattractant protein-1
(MCP-1).[3-5] Under basal conditions, only a restricted number
of adipocytokines are released into the systemic circulation, of
which, not many fall in the existing detection limits. They may
be released as enzymes, hormones, growth factors, etc. These
adipocytokines integrate a myriad of metabolic outcomes,
hence the adipose is no less than an endocrine organ.[6] These
molecules have endocrine, paracrine, autocrine or juxtacrine
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modes of action.[7] Besides, they have been recently recognized
as mediators of several inflammatory processes.[8] Their
proinflammatory properties are responsible for elevated risks
to several morbid conditions.[9] Organs of metabolic importance
like, brain, liver, skeletal system, etc. are targets that receive
signals from adipocytokines.[10] Lipid metabolism, insulin
sensitivity (adiponectin, resistin), homeostasis (PAI-1), blood
pressure regulation (angiotensinogen) and angiogenesis are a
few physiologic processes implicated with adipocytokines.[11,12]
It is also true that certain pathologic conditions also control the
level of adipocytokines.[13] Altered production and secretion of
several adipocytokines may be concerned with the pathogenesis
of metabolic syndrome, as is suggested by some studies.[14,15]
Within the central nervous system, adipocytokines are found
to communicate with the blood brain barrier. They may thus be
effecting a few neuroendocrine functions as well.[16] The mass
of adipose tissue and its energy status is also regulated by the
adipocytokines.[17] Since several adipocytokines are involved
in the partial regulation of a battery of physiologic processes,
they may also provide a connection toward the pathology
involving the same physiologic processes [Figure 1]. They
may thus provide molecular links between the development of
obesity, insulin resistance, metabolic syndrome, cardiovascular
diseases, type 2 diabetes mellitus, and so on. They may also
be used as biomarkers in the diagnosis of pertinent diseases.[18]
Understanding the effects of adipocytokines in totality
remains incomplete[10] and imperceptible when quite a lot
of them remain to be discovered. However, due to such a
herculean involvement in daily metabolic processes, there
lays a vast ocean of latent resources to be explored as
adipokine-maneuvered treatments. The current review thus
converges upon the role and therapeutic potential of variety of
adipocytokines. Favorably, the role of adipocytokines, with a
special mention to adiponectin and resistin, will be dealt with,
along with that of RBP-4, leptin and visfatin.

Figure 1: The roles of adipocytokines
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ADIPONECTIN
Adiponectin, discovered in 1996,[19] is a 244 amino acid
long, 30 kDa polypetide, termed as Acrp30 or AdipoQ (also
apM1 and GBP-28). It is structurally similar to complement
1q with a C-terminal globular domain and an N-terminal
collagen domain.[20] Forming characteristic multimers is
a characteristic feature of this protein.[21] It has several
oligomeric forms which are abundantly found in plasma.[22,23]
Two adiponectin receptors, AdipoR1 (skeletal muscle and
heart) and AdipoR2 (liver), have been identified, both of
which belong to a new family of seven transmembrane
receptors distinct from G-protein coupled receptors.
[24,25]
T-cadherin (T-cad) is a perceptibly different
extracellular The proposed mechanismsadiponectin
b i n d i n g , d a m p e n s A d i p o R 1 / R 2 s i g n a l i n g . [26]
AdipoR1 and AdipoR2 rapidly activate extracellular
signal regulated kinases 1 and 2 (ERK1/2) through
Ras-activation which is Src-dependent. [27] Adiponectin
has been found to play a major role in regulating the
metabolic effects within the body. Adiponectin itself
has a lot of metabolic consequences like improving the
blood glucose level and oxidation of muscle fat. [19,28]
Functionally, it is mainly involved in glucose regulation and
fatty acid catabolism. It decreases gluconeogenesis, increases
glucose uptake, stimulates β-oxidation and triglyceride
clearance.[29,30] Expression of AdipoQ is found to be encrypted
through APM1 gene,[29] which, in the visceral adipose tissue,
is negatively controlled by glucocorticoids and TNF-α and
positively by insulin and insulin derived growth factor-1
(IGF-1).[31] Plasma concentrations of the protein show sexual
dimorphism with two to threefold higher levels in females than in
males. The oligomeric forms also show similar dimorphism.[25]
Serum levels of adiponectin are found to be in agreement
with insulin sensitivity and the reduced levels of which are
associated with the etiopathology of type 2 diabetes mellitus
and obesity.[32] Adiponectin has been termed as a “potential
biomarker” for metabolic syndrome.[33] It has been proved to
increase insulin sensitivity.[34] Adiponectin reveals a deck of
antiinflammatory properties. On the contrary, proinflammatory
cytokines are found to decrease expression of adiponectin in
the adipose tissue.[34,35] There are also a few conditions (like the
Laron syndrome) which are associated with increased levels
of adiponectin.[36]
Adiponectin, type 2 diabetes mellitus and insulin
sensitization
Adiponectin, as stated above, is associated with the
etiopathology of type 2 diabetes mellitus[33] and its levels are
found to be decreased in the serum in patients with type 2
diabetes mellitus.[37,38] Monkeys with decreased plasma levels
of adiponectin (before the onset of diabetes) later developed
type 2 diabetes mellitus and the data were in close correlation
with those from humans.[37-40] On the contrary, high levels of
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with rosiglitazone. This suggests a possible role for RBP-4 in
the pathophysiology of diabetes mellitus.[96] Mohapatra et al.
(2009) have reported a positive correlation between
upregulation of RBP-4 expression and low density lipoprotein
(LDL)-cholesterol.[100] This shows the potential involvement of
RBP-4 in the pathogenesis of obesity. Interventions that may
improve insulin sensitivity like exercise, lifestyle modifications
and gastric banding surgery were shown to reduce serum
RBP-4 levels in humans.[97,101-103] However, further studies
will be required to delineate the exact role of RBP-4 in the
pathophysiology of metabolic syndrome.
Figure 3: Mechanisms of resistin

from animal studies and need to be extrapolated to human
populace.
Involvement in pathophysiology
Apart from its role in the development of metabolic syndrome,
resistin is also accused of having a role in the evolution of liver
damage and acute coronary syndromes. Contrary to the above
findings, resistin is strongly implicated in the pathogenesis of
acute MI and atherosclerosis.[90,91] The liver damaging actions
of resistin can be attributed to elevated expression of PAI-1 and
enhanced activation of ERK 1/2.[92] These ultimately contribute
to the increased activity of proinflammatory genes, [90]
consequently leading to more damage. Kim et al, report
that resistin is also involved in altering cardiac contractility
and promoting cardiac hypertrophy, possibly via the insulin
receptor substrate-1 (IRS-1)/mitogen activated protein kinase
(MAPK) pathway.[93] It can be thus concluded that resistin
affects the pathophysiology of several critical illnesses through
its proinflammatory activities.

RETINOL BINDING PROTEIN-4, VISFATIN AND
LEPTIN
Retinol binding protein-4
RBP-4 was established as an adipocytokine in the 1990s.[93,94]
It is preferentially expressed in the visceral adipose tissue.[95]
Elevated levels of the protein are seen in insulin resistance,
type 2 diabetes mellitus, dyslipidemia and similar metabolic
abnormalities.[96,97] RBP-4 is also concerned with hypertension.[98]
Adipose-Glut4/ mice show elevated expressions of RBP-4,
as verified in the serum. Several insulin resistant states in mice
are also consistent with an elevation of serum RBP-4 levels.
These findings are reconcilable with those in humans. Also the
reduction in serum RBP-4 levels improves insulin action. Mice
on high fat diet and ob/ob mice show a 2.8-fold and 13-fold rise
in basal serum RBP-4 levels, respectively.[96] Rosiglitazone, a
thiazolidinedione, completely reverses insulin resistance and
glucose intolerance in adipose-Glut4−/− mice.[99] The Rbp4
mRNA levels in adipose tissue were reduced on treatment

Visfatin
Visfatin, initially termed as pre-B cell colony-enhancing
factor (PBEF), was earlier supposed to have multiple
biological actions. [104,105] It was later found to possess
NAD (Nicotinamide Adenine Dinucleotide) biosynthetic
activity, which is essential for B-cell function. [106]
Visfatin, with its insulinomimetic actions, was identified to
be predominantly expressed in the visceral adipose tissue.[107]
Plasma visfatin was positively associated with BMI in one
study,[108] but not in others.[109,110] Variable results were obtained
regarding the relationship between visfatin and diabetes
or insulin resistance.[109-112] Mohapatra et al. (2009) have
shown that rimonabant (cannabinoid receptor antagonist),
an antiobesity drug, significantly reduced visfatin mRNA
expression. This shows that visfatin might be involved in the
development of obesity. Visfatin has also been described as an
inflammatory adipocytokine by several authors.[113] An increase
in the expression of visfatin mRNA has been observed in
inflammatory conditions like atherosclerosis and inflammatory
bowel disease.[114,115] Besides, it has also been implicated in
rheumatoid arthritis, where it is known to activate NF-κβ and
other germane cytokines.[116] Yet, several possibilities remain
to be explored, since the data found till date have several
inconsistencies.
Leptin
Leptin was the first of the adipocytokines discovered to have
a role in the modulation of adiposity.[117-120] It is a 16-kDa
protein, identified in 1994 and is found to contain 167 amino
acids.[121] Adipose tissue is the chief secretory tissue of leptin
secretion. Leptin mainly regulates food intake and energy
homeostasis.[122-124] It acts through a unique mechanism. Leptin
receptor activation leads to repression of orexigenic pathways,
involving neuropeptide-Y (NPY) and agouti-related peptide
(AgRP). Simultaneously, it leads to activation of anorexigenic
pathways, entailing pro-opiomelanocortin (POMC) and
cocaine and amphetamine regulated transcript (CART). All
these actions are mediated through the Janus activated kinase
(JAK)/signal transducers and activators of transcription (STAT)
pathway.[125] Leptin plays diverse roles in the regulation of
cellular metabolism. It reverses hyperglycemia in ob/ob mice
before a correction in body weight.[120] It improves glucose
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Over the past two decades our view of adipose tissue has undergone a dramatic change from an inert energy storage
tissue to an active endocrine organ. Adipose tissue communicates with other central and peripheral organs by
synthesis and secretion of a host of molecules that we generally refer to as adipokines. The levels of some adipokines
correlate with specific metabolic states and have the potential to impact directly upon the metabolic homeostasis of the
system. A dysregulation of adipokines has been implicated in obesity, type 2 diabetes, hypertension, cardiovascular
disease, and an ever-growing larger list of pathological changes in a number of organs. Here, we review the recent
progress regarding the synthesis, secretion, and physiological function of adipokines with perspectives on future
directions and potential therapeutic goals.
Keywords: adipokine; adiponectin; adipose tissue; obesity; insulin resistance; inflammation

Adipose tissue has been recognized as an active
endocrine organ in addition to its role as the
main storage depot for triglycerides.1 An increasing number of adipocyte-derived secretory factors
(“adipokines”) are described in the literature,2,3
highlighting the central role of adipose tissue in
regulating whole body energy homeostasis, not
only by partitioning lipids into various depots,
but also through adipokine-mediated modulation
of a number of signaling cascades in target tissues. It is well-established that individuals that
are obese and/or suffer from the metabolic syndrome display a characteristic imbalance of their
adipokine profile. This altered adipokine profile
leads to profound changes in insulin sensitivity and
other biochemical alterations of metabolites, making an individual more prone to metabolic disorders. Through their autocrine, paracrine, and
endocrine functions, adipokines influence a number of organs critical for energy homeostasis. The
changes in each individual adipokine are the result
of a coordinated change of specific transcriptional

programs that affect entire groups of adipocyte
gene products as well as posttranslational mechanisms that affect the release of specific proteins
differentially.
Among these adipokines, adiponectin is one
of the most potent molecules with respect to its
insulin-sensitizing activity. However, unlike the vast
majority of adipocyte-derived factors, the levels of
adiponectin in circulation display an inverse correlation with adiposity. Given the established beneficial
roles of adiponectin on whole body metabolism and
its profound protective effects against many chronic
diseases, a better understanding of the regulation
of adiponectin secretion is very important. Here,
we focus on the regulation of adiponectin secretion
from the adipocyte as a paradigm of protein release
from the secretory pathway of the adipocyte and the
changes it undergoes in the context of obesity and
other pathological settings. Beyond the mechanics
of protein release, we will extend the discussion to
other recent developments in the area of adipokines
and their effects on metabolism.
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Table 1. Continued

Adipokine

Metabolism

Proinflammatory
factors and acute
phase reactants

Promitogenic and
proangiogenic
factors
√
√
√
√
√
√
√

Fibroblast growth factor (FGF)
Hepatic growth factor (HGF)
Nerve growth factor
Stromal derived factor (SDF-1)
Tissue factor
TGF-␤
VEGF

their negative impact at multiple levels. A few select examples of adipokines are briefly discussed
below.

Leptin
As leptin resistance usually develops with increased
leptin levels, we should view obesity as a state of
reduced leptin function. Leptin exerts the bulk of its
metabolic effects centrally.16 In fact, restoring leptin
receptor function in the brain in the background of
a db/db mouse (i.e., a complete absence of leptin
receptor function in the periphery) causes a normalization of the metabolic phenotype,17 strongly
arguing for the importance of central leptin action.
However, there are clear peripheral effects as well
that include interactions with immune cells, proangiogenic cells as well as a direct involvement in mammary tumor growth.18
Resistin
Resistin is an exciting molecule and the founding
protein of an entirely novel family of polypeptides
that share a common higher order structure.19 To
date, we do not understand the detailed functions
of resistin or any of the other resistin-like molecules
(RELMs). We appreciate that resistin can cause hepatic insulin resistance and that it may, along with its
closely related homologs, interact with immune cells
as well.20–22 As we still do not know the identity of
the resistin receptor, we will have to await the further characterization of this signaling pathway to
gain a better understanding of the function of this
interesting factor.
RBP4
RBP4 has been implicated in insulin resistance recently.23 It is secreted from both adipose tissue

E4

Extracellular
matrix
components

and the liver, and more prominently expressed in
visceral fat depots compared to subcutaneous depots.24,25 Type II diabetic individuals have elevated
levels of RBP4 in plasma along with elevated levels of transthyretin, a molecule that stabilizes RBP4
and extends its half-life.26 A number of studies have
highlighted interesting correlations between RBP4
levels and plasma parameters in the context of the
metabolic syndrome.23 Additional clinical studies
will have to determine how useful the measurements
of plasma levels of RBP4 will be as an indicator of
general metabolic dysfunction.

TNFα and IL-6
These are factors that are upregulated in adipocytes
undergoing proinflammatory stimulation. This
can rank from high-level stimulation by bacterial lipopolysaccharide to subclinical inflammatory
stimuli as frequently observed in the obese state. Although TNF␣ acts predominantly locally and cannot be measured at elevated levels in circulation
under metabolically challenged conditions, IL-6 is
released effectively from adipose tissue. In the case
of visceral adipocytes, IL-6 is released into the portal
vein where it is shunted directly into the liver.27 A
significant gradient of IL-6 can be measured across
the splanchnic bed,28 and IL-6 induces C-reactive
protein production in hepatocytes.29
Visfatin
Visfatin is also known as pre-B cell colonyenhancing factor (PBEF) or Nicotinamide phosphoribosyltransferase (NAMPT) since it is the limiting enzyme in nicotinamide adenine dinucleotide
(NAD) biosynthesis.30 Visfatin is expressd in leukocytes, adipocytes, muscle cells, and hepatocytes. In
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reaching 3–30 g/mL in circulation.41 Its plasma
concentrations are fairly stable with limited diurnal
variability.116 Adiponectin clearance in rodents is
unexpectedly rapid with a half-life of ∼45–75 minutes.117 The plasma abundance, in addition to a relatively short half-life of circulating protein, reflects
an extremely high level expression of adiponectin in
adipocytes. Of note is the inverse correlation with
adiposity, especially visceral obesity.
Another unique feature of adiponectin is the
fact that it is released in multiple forms from
adipocytes. There are three major complexes: homotrimer, low molecular weight complexes consisting of two covalently linked trimers (LMW), and
high molecular weight complexes built from six
trimers (HMW).118,119 Impaired adiponectin multimerization leads to defects in adiponectin secretion.120 During weight-loss from long-term CR, total circulating adiponectin increased with the HMW
form increased more than the other forms, whereas
the decrease of plasma adiponectin in obese patients reduces the levels of HMW complex more
than the trimer and LMW adiponectin. The different adiponectin complexes display distinct biochemical characteristics and exert non-overlapping
biological functions.121,122 Interestingly, the HMW
complex has the most potent insulin-sensitizing activity of all the complexes.123 Clinical studies concur that the relative ratio of the HMW form of
adiponectin, rather than the total adiponectin level
itself, correlates more significantly with key features
of metabolic health.124–126 Biochemical analysis of
purified complexes and in vivo studies suggest that
different forms of adiponectin do not interconvert
after secretion.121 Taken together, the multimerization of adiponectin is a critical step in regulation
of adiponectin secretion as well as its function in
insulin sensitization.
Beyond a general enhancement of adipogenesis,105 adiponectin has been suggested to play a positive role in regulating the distribution of subcutaneous and visceral fat.110 Although there is no
data at this point to directly support this hypothesis, we suspect that this may be linked to differential intracellular accumulation of adiponectin in the
different fat pads. Adiponectin accumulates at very
high levels in the endoplasmic reticulum. In this
process, adiponectin may exert an “intracrine” role,
i.e., it may exert its effects intracellularly, eventually
leading to differential activation of PPAR␥ in the

different depots. This will, however, have to await
further experimental support. In addition, it is very
likely that adiponectin exerts important central effects that may trigger peripheral responses through
activation of the sympathetic nervous system. Qi
et al. have shown that central adiponectin administration can stimulate energy expenditure.127 They
also observed that the adiponectin effects in the absence of functional leptin are more long-lasting and
more profound, suggesting that there is an antagonistic relationship between these two hormones
under some circumstances. Peripheral adiponectin,
particularly its trimeric form, can be found in cerebrospinal fluid;128 however, we cannot formally exclude expression of adiponectin in specific neuronal
subpopulations.

Regulation of adiponectin production
Consistent with the high demand for adiponectin
in circulation, a substantial amount of adiponectin
protein and mRNA can be detected within the
adipocyte. In fact, adiponectin transcripts are
among the most abundantly expressed mRNAs
in adipocytes.114 The adiponectin promoter
harbors binding sites for several transcription factors including PPAR␥ ,129 C/EBP␣,130
and SREBP-1c,131 all of which can upregulate
adiponectin transcription. Recent studies using
adiponectin promoter show highly specific expression of transgene in rodents.132 Meanwhile,
several repressors have been identified that assert a negative effect on adiponectin transcription either directly through DNA-binding competition with those activators or indirectly through
downregulation of the concentration or activity
of the activators. Synthesized as a single polypeptide of 30 kDa, different posttranslational modifications including glycosylation and hydroxylation
are added to adiponectin and those modifications
have been implicated in the control of adiponectin
oligomerization and secretion.133 The regulation of
adiponectin transcription and posttranscriptional
modifications have been comprehensively reviewed
recently.134 Among the posttranscriptional steps,
multimerization is one of the key regulatory steps
of adiponectin release. A series of chaperones are
involved in the maturation of adiponectin to ensure
correct formation of the tertiary and quaternary
structure of the adiponectin complex.135 ERp44
and disulfide-bond A oxidoreductase-like protein
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systems. In subjects who have developed insulin resistance, many additional changes such as inflammation, ER stress, and mitochondrial dysfunction
prevail,104,150 which in turn may exert secondary
effects on adiponectin expression unrelated to an
increase in insulin.
During the past decade, it became clear that inflammation is a key feature of obesity and T2DM.151
In contrast to the traditional types of inflammatory responses that exert important functions in
the context of injuries and infections, the inflammation associated with chronic nutrient excess and
metabolic surplus has different features and is often
not beneficial at first sight.152 Chronic inflammation is characterized by the infiltration of adipose
tissue by macrophages that trigger increased acutephase reactants and inflammatory cytokines.151
The inflammatory adipokine TNF␣ has a potent
role in suppressing adiponectin production in vivo
and in vitro.91 Recently, additional inflammatory
adipokines such as IL-6 and IL-1␤ have also been
shown to have a negative impact on adiponectin
secretion.153 Thus, the increased amount of local
presence of inflammatory cytokines in circulation
that behave as adiponectin suppressors becomes
one causal factor for the decrease of adiponectin
in obesity and other hypoadiponectinemia
syndromes.
An additional underlying cause for inflammation in the obese state is ER stress.152 ER stress
is increased in adipose tissue in response to both
dietary and genetic obesity.154,155 In vitro studies
confirm that the induction of ER stress is sufficient to cause insulin resistance, and this is mediated through an intracellular crosstalk between
inflammatory signaling pathways and insulin signaling pathways.156–158 Adiponectin is a secretory
molecule that requires a thiol-mediated retention
in the ER for the formation of the HMW complexes.136 ER stress causes a redox imbalance within
the lumen,159 which in turn has potent effects on
adipocyte function in general and adiponectin secretion specifically.160 An additional link between
nutrient surplus and ER stress is the hexosamine
biosynthesis pathway (HBP), which is an effective
sensor for glucose availability. Activation of HBP
has been associated with insulin resistance.161 Recently, the activation of HBP has been found to
trigger the upregulation of ER proteins including
Bip, calnexin, and careticulin, which are classical

markers of ER stress.162 The rate-limiting enzyme
in the HBP is Glutamine:fructose-6-phosphate amidotransferase (GFAT). As expected, the ap2-GFAT
transgenic mouse, which has an increased activity of HBP in adipocytes, shows reduced circulating level of adiponectin.163 A direct effect of ER
stress on adiponectin secretion has been recently
demonstrated in 3T3-L1 adipocytes.164 Consistent
with the role of DsbA-L in adiponectin maturation, this study also shows that DsbA-L can enhance adiponectin release in the context of ER
stress.
Mitochondrial dysfunction and resultant defective oxidative phosphorylation are other causal factors for development of insulin resistance. On the
one hand, reduced ␤-oxidation and the resulting
lower oxidative metabolism lead to the accumulation of intrahepatic and intramyocellular lipids
that can activate serine kinases, leading to the inhibition of insulin signaling.165–167 On the other
hand, dysfunctional oxidative phosphorylation may
result in increased production of reactive oxygen
species (ROS), which further impairs insulin signaling.168,169 Additionally, oxidative stress generated
from mitochondrial defects has been linked to the
metabolic syndrome.170
Mitochondrial function has also been reported
to play an essential role in adiponectin synthesis.171
Inhibitors of mitochondrial electron transport components selectively reduce adiponectin secretion but
do not affect other adipokines release such as resistin from cultured adipocytes.171 Several in vivo
studies focus on the correlation between impaired
mitochondrial function and reduced adiponectin
secretion in ob/ob and db/db mouse models.172
However, the direct mechanistic link between mitochondrial function and adiponectin release remains
to be elucidated. In a recent study, intermediate
metabolites of the TCA cycle have been proposed to
affect adiponectin release.173 The inability to finish
oxidative phosphorylation in mitochondria leads to
accumulation of fumarate and NADH in the mitochondrion. These metabolites subsequently cause
an increase in succination of adiponectin at cystine39, which prevents adiponectin from forming
HMW complexes and thus its secretion. When the
intracellular adiponectin from db/db and wild type
mice were compared, the succinated adiponectin
was only detected in adipose tissues from db/db
mice. These results suggest that adiponectin

c 2010 New York Academy of Sciences.
Ann. N.Y. Acad. Sci. 1212 (2010) E1–E19 

E11

Ref 19. Popa2005 (truncated)

1195

EXTENDED REPORT

Markers of inflammation are negatively correlated
with serum leptin in rheumatoid arthritis
C Popa, M G Netea, T R D S Radstake, P L van Riel, P Barrera, J W M van der Meer
...............................................................................................................................
Ann Rheum Dis 2005;64:1195–1198. doi: 10.1136/ard.2004.032243

See end of article for
authors’ affiliations
.......................
Correspondence to:
Professor J W M van der
Meer, Department of
Internal Medicine (541),
UMC St Radboud, PO Box
9101, 6500HB Nijmegen,
The Netherlands;
j.vandermeer@
aig.umcn.nl
Accepted
17 February 2005
Published Online First
24 February 2005
.......................

L

Background: Leptin regulates food intake and modulates immunity and inflammation. A positive feedback
mechanism has been described between tumour necrosis factor (TNF) and leptin, and it has been
suggested that leptin potentiates inflammation in patients with rheumatoid arthritis (RA).
Objective: To assess whether inflammation correlates with leptin concentrations in patients with RA, and
whether anti-TNF treatment modulates leptin concentrations in these patients.
Methods: Leptin, IL6 and CRP were measured (at baseline and after 2 weeks of treatment) in the blood of
31 patients with RA starting either anti-TNF treatment or placebo, and in 18 healthy controls.
Results: In patients with RA, plasma leptin concentrations at baseline correlated inversely with the degree
of inflammation as assessed by C reactive protein (CRP; rs2 = 0.21, p,0.01) or interleukin (IL) 6
concentrations (rs2 = 0.22, p,0.008). Mean (SD) leptin concentrations did not differ between patients with
RA and controls (6.0 (4.6) v 4.2 (2.8) ng/ml in men; 15.1 (7.9) v 13.4 (5.2) ng/ml in women). Short
course anti-TNF treatment for 2 weeks did not modify leptin concentrations, despite significant reduction of
CRP and IL6.
Conclusion: A significant inverse correlation between inflammation and leptin concentrations was found in
patients with active RA, although plasma leptin concentrations did not significantly differ from those in
healthy controls. This suggests that active chronic inflammation may lower plasma leptin concentrations.
Two weeks’ treatment with anti-TNF did not change plasma leptin concentrations and longer treatment
may be needed to see an effect on leptin.

eptin was initially described as a hormone that regulates
food intake and energy balance.1 Later, it became
apparent that leptin has an important role in regulating
neuroendocrine and immune functions. Leptin and its
receptors (OB-R) share structural and functional similarities
with cytokines of the interleukin (IL) 6 family and their
receptors.2 During acute inflammation, proinflammatory
cytokines increase circulating leptin concentrations,3 and
leptin, in turn, potentiates cytokine release from monocytes/
macrophages.4 In addition, leptin stimulates T cell mediated
immunity and induces the proliferation and differentiation of
haematopoietic cells.3 Regulation of immune functions in
humans is strongly sustained by the increased incidence of
severe infections in subjects with genetic leptin deficiency5
and by the deficiencies of the immune system during
starvation and malnutrition, when concentrations of leptin
are low.3
Rheumatoid arthritis (RA) is a chronic inflammatory
condition characterised by polyarthritis and high concentrations of proinflammatory cytokines such as tumour necrosis
factor a (TNFa), IL1b, IL6, IL8, and interferon c, especially in
the synovial fluid but also in the circulation. A dual effect of
inflammation on leptin production has been suggested. On
the one hand, a positive feedback between leptin and
proinflammatory cytokines has been reported,4 and immunised leptin deficient mice (ob/ob) were shown to develop
less severe arthritis than control mice.6 Recently, the relation
between leptin and arthritis was further supported by studies
showing that human chondrocytes express the leptin
receptor OB-Rb and, when acting together with interferon
c, leptin stimulated nitric oxide production in the joint
cavity.7 This suggests that leptin may be directly implicated in
the pathogenesis of RA. On the other hand, results of studies
assessing leptin concentrations in patients with RA have been
controversial.8–12 Additionally, it has been suggested that

chronic inflammation down modulates leptin production,
which in turn may lead to an impaired antimicrobial
defence.13
Our study aimed at investigating circulating leptin
concentrations in a group of patients with RA and at
assessing whether leptin concentrations correlate with
systemic inflammation. In addition, we were interested to
determine whether anti-TNF treatment modulates plasma
leptin concentrations, as TNF has been shown to stimulate
leptin production directly.

PATIENTS AND METHODS
Patients and controls
We analysed samples from 31 patients with active RA (mean
age 61, M:F = 11:20) included in a phase I, double blind,
placebo controlled clinical study of monotherapy with the
humanised anti-TNF antibody adalimumab (Humira, Abbott
Laboratories) monotherapy at our centre. Patients fulfilled
the 1987 American College of Rheumatology criteria for RA,
had active disease as defined by a Disease Activity Score .3.2
at baseline, and underwent a washout period for disease
modifying antirheumatic drugs (DMARDs) of at least
3 weeks before the start of the study. Stable dosages of
non-steroidal anti-inflammatory drugs and prednisone
(,10 mg/day) were allowed during the study. Eighteen
healthy controls (mean age 38.4, M:F = 9:9) were also
included in this study. Because of the differences in leptin
concentrations between men and women and because the
ratio of men to women differed in the patient (M:F = 1:1.8)
and control (M:F = 1:1) groups, we divided each group
according to sex before comparing them. Body mass index
Abbreviations: BMI, body mass index; CRP, C reactive protein;
DMARDs, disease modifying antirheumatic drugs; IL, interleukin; RA,
rheumatoid arthritis; TNFa, tumour necrosis factor a
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Negative correlation of inflammation markers with serum leptin in RA

Table 1 Evaluation of the inflammatory status, as
assessed by levels of CRP and IL6, and plasma leptin
concentrations in patients with RA after 2 weeks’ anti-TNF
treatment (n = 23) or placebo (n = 8)
Week 0

Week 2

p Value

6.2 (5.0)
15.4 (8.7)

5.7 (3.5)
16.7 (9.9)

NS
NS

C reactive protein (mg/ml)
Anti-TNF
86.1 (54.4)
Placebo
53.7 (49.2)

35.4 (35.6)
53.9 (50.0)

,0.0001
NS

Interleukin 6 (pg/ml)
Anti-TNF
Placebo

42.3 (40.7)
60.8 (60.2)

,0.001
NS

Leptin (ng/ml)
Men (n = 10)
Women (n = 13)

88.3 (60.5)
60.0 (59.6)

Results are given as mean (SD).

administration, whereas no changes were observed with
placebo (table 1).
After 2 weeks of anti-TNF treatment, plasma leptin
concentrations in patients with RA were similar to those at
baseline both in men and women (table 1). Moreover, no
significant differences were seen in the placebo treated
group.

DISCUSSION
Inflammatory mediators, such as the cytokines TNFa and
IL1b, decrease energy intake and may lead to the wasting
described in patients with RA. Wasting, in turn, affects the
inflammatory response and may suppress cellular immunity.
In this complex relationship, leptin is a possible mediator. In
this study we show that in patients with RA, both circulating
leptin concentrations and leptin adjusted for the BMI,
inversely correlated with the inflammatory status of the
patients, as assessed by the inflammatory markers CRP and
IL6. These results are supported by the observations that long
term in vitro stimulation of adipose tissue by TNFa or IL1b
inhibits leptin and leptin mRNA production.15 Similarly, in
patients with tuberculosis, another chronic inflammatory
condition, inflammation correlates negatively with leptin
concentration.13 In patients with RA, plasma leptin concentrations did not correlate with BMI, suggesting that regulation of leptinaemia in RA is complex, and that weight is not
the only major regulator. These facts led us to propose the
hypothesis that in RA chronic inflammation, probably
through proinflammatory cytokines (for example, TNF, IL1,
IL6), is an important determinant of plasma leptin concentration and has an inhibitory effect on leptin production.
In addition, we report that plasma leptin concentrations in
patients with RA do not differ from those found in healthy
controls. This is in line with two earlier studies.8 9 In contrast,
Bokarewa et al found higher plasma leptin concentrations in
a group of patients with RA.11 Theoretically, one would expect
increased leptin concentration owing to the proinflammatory
status of RA and to the stimulatory activity of TNFa and IL1b
on leptin release.3 15 Similarly, patients with sepsis and those
who had had major surgery, two situations also characterised
by increased TNFa and IL1b concentrations, had raised
serum leptin concentrations.16 However, as shown above,
chronic inflammation in patients with RA had inhibitory
effects on leptin concentrations in the blood, in contrast with
the acute inflammation of sepsis and surgery. Recently, Harle
et al found that serum leptin concentrations were almost
three times lower in a group of women with RA than in a
group of healthy women.12 In addition, the body compartment in which leptin is measured may be of importance.
Although blood concentrations of leptin did not differ
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significantly between patients with RA and controls, concentrations in the synovial fluid may be of importance.7 11
The lack of difference between plasma leptin concentrations in patients with RA and healthy controls may seem in
contrast with the inverse correlation of leptin and inflammation in these patients, which suggests that there will be lower
leptin concentration in patients with RA. The cause of this
discrepancy is probably due to a combination of factors: a
significant percentage of the patients with RA did not have
very high inflammatory parameters at the time of investigation; the BMI of the patients with RA in our group was
slightly higher than that of the control volunteers; and some
of the inhibitory effects of chronic inflammation might have
been counterbalanced by potential stimulatory actions of
acute inflammatory reactions during exacerbations of RA.
We also evaluated a possible correlation of the duration of
the disease with plasma leptin concentrations, but no direct
relation between these two measures was found. These
results are in line with those of Anders et al,8 whereas
Bokarewa et al showed a gradual increase of leptin
concentrations with the duration of RA.11
To explain our results better we evaluated the influence of
previous treatment with DMARDs on serum leptin concentration in our RA group. We could not establish a relation
between leptin concentrations at baseline and this treatment,
no matter which type of drug or what dosage was used.
Bokarewa et al found higher leptin concentrations in a group
of patients with RA treated with methotrexate than in a
group receiving other DMARDs, but at the same time, these
concentrations were similar to those found in a group of
patients who were not treated with any DMARDs. In the
same study no difference in serum leptin concentrations was
found between patients with RA treated and not treated with
glucocorticoids.11 Sulfasalazine has also been shown to have
no influence on leptin release from adipose tissue and
skeletal muscle.17 The above mentioned studies suggest that
no one specific DMARD influences serum leptin concentrations. Moreover, a washout period for DMARDs was
performed on every patient included in our study 3 weeks
before entry—that is, before the time at which blood was
collected for leptin determination.
Leptin is known to stimulate T cell mediated immunity. In
the case of septic shock, mortality is associated with
decreased plasma leptin levels,18 while genetic leptin deficiencies increase the severity of infections in humans.5 In
addition, severe infections have been reported to occur more
often in patients with RA than in the general population,19
especially in patients receiving anti-TNF drugs.20 These data
suggest that suppression of leptin concentration by chronic
inflammation may contribute to the susceptibility of patients
with RA to infections.
An additional aim of our study was to investigate whether
a short course of anti-TNF treatment can influence leptin
concentrations. To date, as far as we know, no study has
investigated the effect of in vivo TNFa blockade upon
circulating leptin levels. We found that a 2 week course of
anti-TNF treatment did not change plasma leptin concentrations, despite decreasing the acute phase reactants. Therefore,
a short course of treatment with anti-TNF does not modulate
leptin concentrations in patients with RA, and studies
investigating the effect of long term treatment on leptin
concentration are warranted.
In conclusion, our study shows that circulating leptin
concentrations are inversely correlated with the inflammatory status in patients with RA. We suggest that in RA,
chronic inflammation down regulates leptin production,
which may indirectly contribute to the susceptibility to
infections seen in these patients. The precise role of leptin
in RA remains uncertain but, possibly, local actions, through
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Obesity and overweight
Key facts







Worldwide obesity has nearly doubled since 1980.
In 2008, more than 1.4 billion adults, 20 and older, were overweight. Of these over 200
million men and nearly 300 million women were obese.
35% of adults aged 20 and over were overweight in 2008, and 11% were obese.
65% of the world's population live in countries where overweight and obesity kills more
people than underweight.
More than 40 million children under the age of five were overweight in 2011.
Obesity is preventable.

What are overweight and obesity?
Overweight and obesity are defined as abnormal or excessive fat accumulation that may impair
health.
Body mass index (BMI) is a simple index of weight-for-height that is commonly used to classify
overweight and obesity in adults. It is defined as a person's weight in kilograms divided by the
square of his height in meters (kg/m2).
The WHO definition is:



a BMI greater than or equal to 25 is overweight
a BMI greater than or equal to 30 is obesity.

BMI provides the most useful population-level measure of overweight and obesity as it is the
same for both sexes and for all ages of adults. However, it should be considered a rough guide
because it may not correspond to the same degree of fatness in different individuals.

Facts about overweight and obesity
Overweight and obesity are the fifth leading risk for global deaths. At least 2.8 million adults die
each year as a result of being overweight or obese. In addition, 44% of the diabetes burden, 23%
of the ischaemic heart disease burden and between 7% and 41% of certain cancer burdens are
attributable to overweight and obesity.
Some WHO global estimates from 2008 follow.





More than 1.4 billion adults, 20 and older, were overweight.
Of these overweight adults, over 200 million men and nearly 300 million women were
obese.
Overall, more than 10% of the world’s adult population was obese.

In 2011, more than 40 million children under the age of five were overweight. Once considered a
high-income country problem, overweight and obesity are now on the rise in low- and middleincome countries, particularly in urban settings. More than 30 million overweight children are
living in developing countries and 10 million in developed countries.
Overweight and obesity are linked to more deaths worldwide than underweight. For example,
65% of the world's population live in countries where overweight and obesity kill more people
than underweight (this includes all high-income and most middle-income countries).

What causes obesity and overweight?
The fundamental cause of obesity and overweight is an energy imbalance between calories
consumed and calories expended. Globally, there has been:



an increased intake of energy-dense foods that are high in fat; and
an increase in physical inactivity due to the increasingly sedentary nature of many forms
of work, changing modes of transportation, and increasing urbanization.

Changes in dietary and physical activity patterns are often the result of environmental and
societal changes associated with development and lack of supportive policies in sectors such as
health, agriculture, transport, urban planning, environment, food processing, distribution,
marketing and education.

What are common health consequences of overweight and obesity?
Raised BMI is a major risk factor for noncommunicable diseases such as:





cardiovascular diseases (mainly heart disease and stroke), which were the leading cause
of death in 2008;
diabetes;
musculoskeletal disorders (especially osteoarthritis - a highly disabling degenerative
disease of the joints);
some cancers (endometrial, breast, and colon).

The risk for these noncommunicable diseases increases, with the increase in BMI.
Childhood obesity is associated with a higher chance of obesity, premature death and disability
in adulthood. But in addition to increased future risks, obese children experience breathing
difficulties, increased risk of fractures, hypertension, early markers of cardiovascular disease,
insulin resistance and psychological effects.

Ref 79. Ellegaard2009 PhD thesis (truncated)

Accuracy of ultrasound Doppler
measurements in assessment of disease
activity in patients with rheumatoid arthritis
PhD thesis by Karen Ellegaard, PT, MSc
The Parker Institute
Frederiksberg Hospital
The Capital Region of Copenhagen
Denmark

This Thesis is submitted for the degree of Doctor of Philosophy
at the International Doctoral School
In Biomedical Science and Engineering
Aalborg University, Denmark

Center for Sensory-Motor Interaction (SMI)
Department of Health Science and Technology
Aalborg University
October 2009

inflammatory process in RA (49). Even with these highly advanced medications, disease activity cannot
be controlled in about 30% of the patients with RA. These non-responders may be detected clinically with
the use of e.g. follow-up on DAS28 (50), or by more advanced methods e.g. imaging (6;11;15;18).
Apparently, a patient may be regarded to be in clinical remission in spite of still having subclinical
ongoing disease activity (16-18). For this reason, imaging might be suggested as an additional tool for
monitoring of therapy. If persisting synovitis is demonstrated by imaging techniques despite clinical
remission, adjustments in therapy may be called for in order to reach both clinical and paraclinical
remission.

ULTRASOUND
Improved quality of ultrasound equipment within the last decade has enabled use of higher US frequency,
which has increased the quality of US examinations of superficial structures. This improvement of US has
made it suitable for assessment of patients with rheumatic diseases (51-54).
Two types of US are used; grey-scale US with which it is possible to detect morphological changes, e.g.
synovial thickening and bone erosions (55;56) and Doppler US by which the blood flow in the synovium
and surrounding tissue is demonstrated (4;10;57;58).
US transducer
The US transducer is built from piezoelectric material, which has the ability to transform electrical energy
into mechanical vibrations and vice versa. This allows the transducer to serve as both an emitter and
receiver (59-61). The linear array transducers contain numerous individual piezoelectric elements
(between 150 and 500 elements), which increases the quality of the image. In examination of patients
with rheumatic disease, high frequency linear array transducers are used, with frequencies from 7.5 to 20
MHz (53;59). The US frequency and the penetration are inversely proportional, thus the choice of
transducer/examination frequency should be the highest possible frequency allowing a satisfactory
depiction of the structures to be examined.
Grey-scale (B-mode)
As the main investigation topic for the four studies in this thesis is Doppler US, the principle for greyscale will only be described briefly.
The B-mode image demonstrates the morphology of the tissues, thus morphological changes in RA such
as synovial hypertrophy and erosions can be seen in the B-mode examination.
On the US monitor, the grey-scale image shows the tissues in grey tones, the various shades of grey
depicting the reflective ability of the various tissues. This ability depends on the acoustics impedance; Z;
of the tissues (Z= the density * the speed of the sound). Every time a US beam crosses a border between
two tissues with different acoustic impedance, called an acoustic interface, an echo is generated (59).
Good reflectors, as bone or tendons, are shown as white (when insonated orthogonally) and at the other
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end of the scale; a homogenous structure, such as synovial fluid, without reflectors is shown as black on
the monitor.
Doppler
The Doppler is added to the grey-scale image (58;59). Doppler is superimposed on the grey scale image.
The Doppler registers movement in the scanned tissues and when transducer and patient are immobile,
the movement of erythrocytes is registered (58-61). Doppler is used to assess the tissue perfusion, which
may be increased under inflammatory conditions, and is thus used as an indirect measure of the degree of
inflammation in RA (10).
Application of Doppler mode makes it possible to distinguish between thickened synovium with
inflammation and thickened synovium due to previous inflammatory attacks, which will not display
Doppler activity (6;62).
Doppler signal
The Doppler signal is generated on the basis of the Doppler effect. The Doppler effect is a change in
frequency (wavelength) resulting from a motion of source, receiver or reflector. In US imaging, the
transducer is the stationary source and receiver, and the moving source is the blood, mainly the
erythrocytes (57-60). When a pulse is reflected from the moving erythrocytes, the received frequency
differs from that transmitted from the transducer. This change of the frequency is known as the Doppler
shift and was first described for light by the Austrian physicist Chr. A. Doppler in 1843. He described the
Doppler equation:
fD=ft-fr=ft v cos Ө/c
fD is the Doppler shift, ft is the transmitted frequency, fr is the received frequency, v the velocity of the
moving source (erythrocytes), Ө is the Doppler angle (insonation angle=the angle between the sound
beam and the moving source) and c is the speed of the sound. The Doppler shift is directly proportional to
the transmitted frequency, the velocity of the moving source and cosine to the insonation angle.
In the US Doppler examination, two successive Doppler shifts are generated. The first one is generated
when the US beam from the stationary transducer is received by the moving erythrocyte. In the second
shift, the moving erythrocyte acts as the moving transmitter, and the transducer is now the stationary
receiver (58). This explains the multiplication with the factor 2 in the Doppler equation:
fD=ft-fr=2ft v cos Ө/c
The frequencies of Doppler shifts are within the audible range with frequencies up to 15 KHz (58;60).
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change in sensitivity has not yet been put forward (58). Thus, the choice of Doppler mode depends on the
type of equipment available.
Doppler parameters/setting
The most important issue in the adjustment of Doppler parameters in rheumatology is that the Doppler
should be as sensitive as possible for low velocity flow. This will make it sensitive for both low and high
velocity flow – all flow. The Doppler parameters of particular importance in rheumatological US are
listed below.
Doppler frequency
A low Doppler frequency allows high penetration making assessment of flow in deeper structures
possible. Low Doppler frequency will make the Doppler image more grainy; however, the resolution of
the Doppler image is not of great importance. The setting of the Doppler frequency is a balance between
the enhanced penetration with lower frequencies and on the other hand the enhancement due to the
increased Doppler shift when applying higher frequencies. Which frequency produces the most sensitive
Doppler images varies with different US equipments (58).
Colour box
The colour box is the area in which the Doppler analysis is made, so the larger the box is, the bigger is the
area in which the Doppler analysis is made. The size of the box affects the frame rate; the larger the size
of the box the more reduction of the frame rate. Therefore, in general it could be recommenced only to
include the area under assessment in the box. However, to be aware of possible sources of reverberation
artefacts, it is important always to include the upper limit of the image in the box (58).
Pulse repetition frequency
Pulse repetition frequency (PRF) is the Doppler sampling frequency of the transducer. The Doppler shift
is determined indirectly by comparing the distance of the wave tops between the transmitted and received
sound in a number of pulses.
The Doppler sensitivity of both Colour and Power Doppler is affected by PRF adjustment (58). It could
be assumed that the higher PRF, the more sensitive the machine would be to detect any flow in the
tissues. However, in most Doppler systems there is a linked control between PRF and sensitivity to low
flow as it is assumed that when the PRF is set high, the investigator is not interested in low velocity flow,
and filters are applied removing noise as well as erasing signals from low velocity flow. In rheumatology
the flow investigated is primary low velocity flow, and sensitivity to this flow is therefore important and
by consequence the PRF applied should be as low as possible.
Gain
The gain setting determines the system’s sensitivity to noise. If the gain setting is too low, low amplitude
flow information may be overlooked, but on the other hand a too high Doppler gain setting will result in
random noise (63;66;67). The optimal Doppler gain is made by turning up the gain until random noise is
encountered and then lowering the gain to the point where the noise disappears (58;66;67).
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Focus
The Doppler focus setting is very important as a Doppler focus placed incorrectly may lead to a
misleading change in flow information. The Doppler focus should be focused in the very middle of the
region of interest (58).
Colour priority (threshold)
As Doppler information is added to the grey-scale image, the machine must choose if grey-scale or
Doppler information should be expressed in the various areas of the screen. What modality will be
expressed depends on the setting of the colour priority/threshold. In rheumatology, the threshold function
should be set in favour of the Doppler according to the requirements for sensitivity to low flow (58).
Wall filters
All Doppler instruments have filters which eliminate the lowest Doppler shift in order to avoid random
noise. However, in rheumatology where low velocity flow is examined, the wall filters should be adjusted
as low as possible in order not to overlook any flow (58). As mentioned, in most US equipment PRF and
wall filter settings are linked, thus low wall filter is linked to low PRF setting (58).
Persistence-frame averaging
In frame averaging, colour information in a number of frames is averaged making the flow profile
smoother. However, in this way the dynamic nature of the flow is compromised. Thus, when the nature of
the flow has to be assessed the persistence setting should be low (58).
Artefacts
In imaging, artefact means components of the image generated in the image process which is not properly
indicative for the structures under investigation (68). Many artefacts results from errors in the scanning
technique and machine settings and can be avoided once the operator is aware of the artefacts.
Random noise
Random noise is produced in all electrical circuits. The artefacts produced by random noise are seen as
colour foci appearing randomly in the image, opposite to true flow which is seen constantly in the same
area (58).
Motion
Movement of the patient, the investigator, the scanned tissue or vessel wall during Doppler imaging
causes low Doppler shifts appearing as random flashes at the screen (58;63;68). When the Doppler is
adjusted to be sensitive to low flow, motion artefacts cannot be avoided completely, but minimized if
both the patient and investigator are relaxed during the Doppler examination (58)
Mirror
Mirror artefacts appear in the presence of highly reflective surfaces. In rheumatology these reflectors are
nearly always bone surfaces (58). The bone surface will act as a mirror showing a reflection of the true
vessel below the highly reflective bone surface (58;63).
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Blooming
Blooming artefact is the phenomenon that colour is seen outside the vessel walls making the vessels
appear larger than they really are. The phenomenon is dependent on the gain setting (58;68). As the gain
in rheumatology is adjusted to be sensitive to low velocity flow, blooming must be accepted as a
systematic error (58).
Reverberation
Reverberations occur when sound is repeatedly reflected and bounces back and forth between parallel
interfaces. In US examination the reverberation appear as reflections between the transducer and an
interface or between various interfaces. The reverberation can be both simple and complex. Simple
reverberation in Doppler imaging is seen if the vessel is repeated lower in the image. Complex
reverberations produce a showering of colours behind the vessel. The reverberation echoes decrease with
distance from the reflective interface (58).
Aliasing
Aliasing is related to the PRF setting which is the Doppler sampling frequency of the transducer. Aliasing
artefact is an incorrect display of the direction and velocity of the blood flow, due to undersampling of the
re-reflected Doppler signal. If the PRF is too low compared to the velocity of the erythrocytes, aliasing
will occur. The maximal Doppler shift frequency that can be sampled without aliasing is half the PRF
(PRF/2=Nyquist limit) (58;60). As direction and velocity of the flow in the vessels in the synovial tissues
is of no interest in a rheumatologic setting, aliasing is not an issue in rheumatological US. Furthermore, as
mentioned earlier, the wall filter and the PRF settings are linked controls, thus high PRF results in
proportionally high wall filter which is a drawback because high wall filter decreases the sensitivity to
low flow (58)
Pressure and positions
It is important to avoid mechanical pressure when a Doppler examination is performed, as pressure may
diminish the flow by compression of the vessels. Pressure is avoided by application of a generous amount
of gel and comfortable positions of both the patient and the investigator (58).

ASSESSMENT OF PERFUSION BY DOPPLER US
The principle of assessment of disease activity in RA by Doppler US is that Doppler displays blood flow
in the tissues and since increased blood flow is part of the inflammatory response the amount of Doppler
activity can be an indirect measure of inflammation (65;69).
Various methods and scoring systems have been introduced to assess Doppler activity in RA. Thus both
quantitative and semi-quantitative scoring systems have been applied (6;11;12;14;70-73). The underlying
principle in all scoring systems is to evaluate the amount of colour pixels in relation to the total amount of
pixels in a specific region of interest (ROI). In the semi-quantitative systems this evaluation relies on a
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subjective assessment of the percentage of colour pixels in ROI. The percentage of colour is scored on an
ordinate scale typically containing 4 levels (0-3). In the quantitative systems the amount of Doppler
activity is estimated on a computer where an exact pixel count is made. On the basis of this count the
exact percentage of colour pixels is calculated. In a quantitative scale the Doppler activity is measured on
a ratio-interval scale.
There are some obvious problems in the use of a semi-quantitative scoring system. First the subjective
evaluation of the amount of colour pixels; it is difficult to estimate the percentage of colour just by
looking. This difficulty is underlined by the fact that when we assess the amount of colour quantitatively,
we find that only a modest number of joints display more than 50% of colour pixels, which is often the
criterion required for a score of 3. This finding is not in accordance with the relatively high number of
joints scored with a 3 in many studies using semi-quantitative scores (12;13;73). Another problem
concerning assessment with a score on an ordinate scale is that no uniform definition between the
different grades exists, and that the distance between the various grades is heterogeneous. Thus an
increase in score from 2 to 3 is not comparable to one from 1 to 2. This adds up to the fact that scores
from different studies are difficult if not impossible to compare. The moderate correlation in Doppler
assessment among experts in US underlines this difficulty (74). The reliability of quantitative Doppler
assessment between US experts has not been tested by now. One last difficulty with the semi-quantitative
scores is that only an improvement or worsening of a certain degree can be registered because smaller
changes may result in unchanged grade. In contrast, all changes of Doppler activity will be registered on a
quantitative scoring scale.
In all studies in this thesis a quantitative scoring system is applied. The percentage of colour pixels is
expressed by the Colour Fraction (CF)(Colour Fraction =colour pixels/total number of pixels*100) (see
figure 1).
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Subsequently, a prospective study was performed in order to
compare these methods under the same preconditions and to
investigate responsiveness, construct validity and reliability data
for each of these methods.

Introduction
Power Doppler ultrasound (PDUS) is used increasingly to
monitor the efficacy of a current treatment strategy. Changes in
synovial perfusion in arthritic joints are predominantly evaluated
using semi-quantitative scoring systems in which the intensity of
the synovial blood flow is graded in a four-step scale [1–5]. Other
groups perform a quantitative analysis, using the measurement of
the resistance index or computer-aided calculations of the pixel
count [6–11]. Recently, 3D PDUS movies have also been used for
the assessment of a therapeutic response [12–14].
The OMERACT Ultrasound Special Interest Group has
focused its work on defining a standardized consensus on
acquisition, reading and interpretation of US imaging data in
order to fulfil the components of the OMERACT filter [15, 16].
After a definition of standardized scans for each joint [17] and
defining pathological lesions in patients with inflammatory
arthritis [18], a systematic review of the US assessment of
synovitis was performed using the literature published between
1966 and 2005 [19]. The collected information on the metric
quality of US for the detection of synovitis revealed major
shortcomings in the reliability, validity and responsiveness testing
of US [20]. Studies, initiated through this Interest Group and
other independent groups have also evaluated metrics of reliability
in the meantime, most of them focusing on intrareader and
interobserver reliability of binominal data (presence or absence of
PDUS signals) and the semi-quantitative scoring method [21–23].
All of them confirmed earlier reliability data [2, 24].
However, with respect to quantitative assessment methods of
PDUS findings, reliability data are rare [14, 25] and data
concerning intermachine agreement is only published in one
study from Koski et al. [26] showing differences in the smallest
detectable flow in three US devices.
Addressing this problem, the varying methods of PDUS
assessment of synovial vascularity have been examined, presented
together with a review of the available reliability data [27].

Patients and methods
Patients
Twenty-four consecutive arthritis patients, who received an initial
treatment with the TNF- inhibitor adalimumab (40 mg
subcutaneously every other week) at the Department of
Rheumatology of the University of Giessen (Kerckhoff Clinic,
Bad Nauheim, Germany) were included into the study. Treatment
decision was independent from the study and followed the
recommendation criteria of active arthritis despite prior treatment
of two DMARDs including MTX. Further inclusion criteria were
a clinically active arthritis as determined by soft-tissue swelling
and tenderness in at least one peripheral joint, diagnosis of RA
according to the ACR 1987 revised criteria or diagnosis of PsA
according to Classification criteria for the diagnosis of Psoriatic
Arthritis (CASPAR) criteria and age 18 yrs. Allowed concomitant drugs included stable doses of NSAIDs and steroids. The
dosage remained unchanged during follow-up visits or was
reduced if possible. Patients, who had prior IA steroid, radionuclide injection in the examined joint or operative intervention in
the preceding 6 months, were excluded from the study. Clinical
and US examination were performed in accordance with the
Declaration of Helsinki. The study protocol was approved by the
local ethics committee. A written informed consent was obtained
from each patient.

Study protocol
Patients underwent clinical, laboratory and US examination
during four sequential visits at baseline (visit 1), week 2 (visit 2),
week 6 (visit 3) and week 12 (visit 4).
Clinical and laboratory examination included the 28-joint
disease activity score (DAS 28), the HAQ, a visual analogue
scale (VAS: 0–100 mm) for the patient’s pain level, the measurement of the ESR by Westergren method and the serum level of
CRP. To provide homogeneous data, the DAS 28 score was
calculated for every patient including PsA patients.
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Objective. To evaluate the metric qualities of power Doppler ultrasound (PDUS) for different quantification methods and devices in the
assessment of arthritis during anti-inflammatory treatment
Methods. Twenty-four patients with active arthritis and first-time treatment with the TNF- inhibitor adalimumab underwent sequential clinical,
laboratory and US examination at baseline, weeks 2, 6 and 12. 2D and 3D PDUS was performed by two independent investigators. The
images and movies were scored from 0 to 3 and the amount of colour pixels and voxels was calculated. In addition, the resistance index of a
synovial artery was measured. Thirteen patients were examined with a second US machine.
Results. Treatment response was already observed at week 2 with a significant reduction of 2D (P < 0.01) and 3D scores (P < 0.001).
A moderate correlation to 28-joint disease activity score was found for 3D voxel count (rs ¼ 0.35, P < 0.001). Interobserver agreement was
 or ICC  0.8 for all methods except the resistance index (ICC ¼ 0.60). Intermachine agreement was  ¼ 0.57 for 2D PDUS score.
Conclusions. The study demonstrates good to excellent interobserver and moderate intermachine reliability of different PDUS assessment
methods in a longitudinal open-label study.

K. Albrecht et al.
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US imaging protocol

Pixel count

At baseline, every patient was screened by US at bilateral wrists,
MCP, PIP and MTP joints II–V. Then the dominant joint that
showed the most intensive Doppler activity was selected as a
target joint for the follow-up examinations (Table 1).
US examination was performed by one unexperienced (K.G., 15
US examinations including 3D PDUS prior to the study) and one
experienced investigator (K.A., 3 yrs of clinical and scientific US),
blinded to clinical and laboratory findings. Both investigators had
been trained from the head ultrasonographer of the department
(J.S.). US was performed with a linear array transducer with
variable frequency from 5 to 12 MHz (L12-5/38 mm, HDI 5000,
ATL/Philips, Bothell, WA, USA). Standardized scans according to
the ‘Guidelines for musculoskeletal ultrasound in rheumatology’
were performed [17]. Then the dorsal longitudinal scan of each joint
was selected for scoring, measurement and for 3D movies to avoid
large variation due to different acquisition of images. All joints
were examined in extended position with a comfortable resting of
the scanned extremity and of the scanning arm of the examiner to
ensure as little pressure as possible from the transducer.
Both investigators obtained and evaluated their own images
independent of each other but agreed at baseline in the selection of
the target joint.

The digitally stored 2D PDUS images were transferred to a pixel
counter program that was developed for the study [29]. A region
of interest was defined with a fixed frame setting. Then the
number of coloured pixels within the frame was calculated.

Synovial tissue and effusion were not differentiated as defined by
the OMERACT definitions for US pathology [18] because in our
experience this discrimination shows a high grade of variation. It
was measured in millimetres (mm) at the thickest point and graded
on a semi-quantitative scale from 0 ¼ normal or no synovial
thickening/effusion, 1 ¼ mild thickening/effusion, 2 ¼ moderate
thickening/effusion to 3 ¼ intense thickening/effusion. To facilitate
readability, only the word effusion is used in the Results section.

The spectral Doppler sampling area was placed over one
intrasynovial artery and a spectral flow curve was obtained. The
US unit identified the cardiac cycles as well as peak systolic and
end diastolic flow, which was used to automatically calculate the
resistance index [RI ¼ (peak systolic flow  end diastolic flow)/
peak systolic flow]. The value of the RI ranges between 0 and 1.
If there was no IA signal, the RI was defined as 1.

3D PDUS
In the same scanning position, the transducer was mechanically
moved in one direction from medial to lateral over the dorsal side
of the joint (free-hand sweep) to obtain a sequence of 15 2D
PDUS images [30]. The online 3D power Doppler function
provided by the HDI 5000 vascular software was used to generate
a 3D image of the peri-articular and IA blood vessels in which
grey-scale information of the surrounding tissue was already
subtracted. The acquired data were stored digitally on hard disc as
cine loop. 3D movies were scored analogously to 2D PDUS
images.

Voxel count
The 3D.avi files were transferred to Image J, a public domain
image analysis program of the National Institutes of Health [31].
The connected voxel counter was used to calculate the coloured
voxels [14].

2D PDUS

Reliability data

Power Doppler settings were standardized with a pulse repetition
frequency (PRF) of 700 Hz. The gain was set to a CPU (colour per
unit) of 79%, which was selected by manual elevation of the
power Doppler US gain level until the colour box was almost
uniformly filled with the first indication of colour and with only
the minimum amount of the next highest signal just beginning to
appear [28]. Representative 2D PDUS images with the highest
amount of Doppler signals during the diastole were obtained.
Doppler signals were estimated according to the 4-grade semiquantitative scoring system: 0 ¼ no Doppler signal/no blood flow;
1 ¼ single Doppler signals/mild blood flow, 2 ¼ various, confluent
Doppler signals/moderate blood flow and 3 ¼ confluent Doppler
signals with more than half of the visible synovium showing
Doppler signals/intense blood flow.

For all quantification parameters, both observers used their own
2D and 3D data sets to provide true interobserver agreement data.
To provide intermachine reliability, 13 patients were examined
subsequently at every visit from Investigator 1 with an Image Point
(Hewlett Packard, Bad Homburg, Germany) and a 7.5 MHz linear
array transducer. 2D PDUS images were obtained in the same
scanning protocol as described for the HDI 5000. A cine loop of the
examination was recorded by video tape. Afterwards, representative 2D images were selected and saved as.jpg files on hard disc.
The performance of a single US examination in a given patient
including 2D and 3D PDUS and the calculation of the pixel and
voxel count required 25 min for each investigator and additionally 15 min for the second US investigation at the HP Image point.

TABLE 1. Demographic data of patient collective

Statistic analysis was performed with win STATÕ excel version
2007.1 (R.Fitch Software, Bad Krozingen, Germany). Normal
distribution was tested with Kolmogorov–Smirnov test for
continuous and chi-square test for discrete variables. Kruskal–
Wallis test was used to examine differences within the patient
sample due to diagnosis or joint region. The comparison of findings
at baseline and follow-up was evaluated using Wilcoxon’s rank
sum test. For the correlation between US and clinical variables,
Spearman’s rank test was used for non-parametric values and
Pearson’s correlation was used for normal distributed metric
values. Reliability agreement data from ordinal data was calculated
by overall agreement (percentage of exact agreement) and with
weighted Cohen’s -statistics [32]. A -value of 0–0.20 was
considered poor, 0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80
good and 0.81–1.00 excellent [33]. Agreement between parametric
values was tested with intraclass correlation (ICC) analysis of
variance, model two and single-measure reliability [34]. The

Number of patients
Age, mean þ SD, yrs
Sex (m/f)
Diagnosis (RA/PsA)
Disease duration, mean þ SD, yrs
Target joints
Carpus, n (%)
MCP, n (%)
PIP, n (%)
MTP, n (%)
Adalimumab monotherapy
Combination therapy with
MTX, n (%)
LEF, n (%)
Daily oral steroid use (prednisolone equivalent)
<10 mg, n (%)
<20 mg, n (%)
NSAID use

24
59  15.1
7/17
17/7
11.5  9.3
14
5
3
2
7

(58.3)
(20.8)
(12.5)
(8.3)
(29.2)

13 (54.2)
4 (16.6)
20 (83.3)
4 (16.6)
18 (75%)

Statistical analysis
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White adipose tissue is no longer considered an inert tissue
mainly devoted to energy storage but is emerging as an active
participant in regulating physiologic and pathologic processes,
including immunity and inflammation. Macrophages are
components of adipose tissue and actively participate in its
activities. Furthermore, cross-talk between lymphocytes and
adipocytes can lead to immune regulation. Adipose tissue
produces and releases a variety of proinflammatory and antiinflammatory factors, including the adipokines leptin,
adiponectin, resistin, and visfatin, as well as cytokines and
chemokines, such as TNF-a, IL-6, monocyte chemoattractant
protein 1, and others. Proinflammatory molecules produced by
adipose tissue have been implicated as active participants in the
development of insulin resistance and the increased risk of
cardiovascular disease associated with obesity. In contrast,
reduced leptin levels might predispose to increased
susceptibility to infection caused by reduced T-cell responses
in malnourished individuals. Altered adipokine levels have been
observed in a variety of inflammatory conditions, although
their pathogenic role has not been completely clarified.
(J Allergy Clin Immunol 2005;115:911-9.)
Key words: Obesity, inflammation, immunity, cytokines, adipokines,
insulin resistance, adipose tissue

OBESITY, ADIPOSE TISSUE, AND
INFLAMMATION
The incidence of obesity and associated comorbidities
is dramatically increasing worldwide in both children and
adults. The obese state is characterized by what has been
called low-grade systemic inflammation. In fact, inflammatory markers, such as C-reactive protein (CRP) and
IL-6, are increased in obese individuals compared with
lean subjects, although not to the same extent observed
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BMI: Body mass index
CRP: C-reactive protein
CVD: Cardiovascular disease
FIZZ: Found in inflammatory zone
IBD: Inflammatory bowel disease
ICAM-1: Intracellular adhesion molecule 1
MCP-1: Monocyte chemoattractant protein 1
NF-kB: Nuclear factor kB
PBEF: Pre-B-cell colony-enhancing factor
RA: Rheumatoid arthritis
RELM: Resistin-like molecule
WAT: White adipose tissue

in classic inflammatory conditions. The presence of systemic inflammation has been linked to the increased risk
of development of cardiovascular disease (CVD) and type
II diabetes in obesity, particularly in the case of visceral
adiposity.1 Epidemiologic evidence of this rising tide of
obesity and associated pathologies has led, in the last
decade, to a dramatic increase of research on the role of
adipose tissue as an active participant in controlling the
body’s physiologic and pathologic processes. The current
view of adipose tissue is that of an active secretory organ,
sending out and responding to signals that modulate
appetite, energy expenditure, insulin sensitivity, endocrine and reproductive systems, bone metabolism, and
inflammation and immunity.
This review will focus on the role of adipose tissue and
adipokines in modulating inflammation and immunity.

INTERACTIONS BETWEEN ADIPOCYTES
AND IMMUNE-INFLAMMATORY CELLS
Macrophages are present in adipose tissue
and increased in obesity
Adipose tissue can be divided into 2 major types: white
adipose tissue (WAT) and brown adipose tissue. WAT
represents the vast majority of adipose tissue in the
organism and is the site of energy storage, whereas the
main role of brown adipose tissue is nonshivering thermogenesis, particularly in small mammals and human neonates. WAT is composed of many cell types, adipocytes
being the most abundant. The other cell types present in
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The cloning of leptin in 1994 by Zhang et al. introduced a novel concept about white adipose
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mediators, such as adipokines and cytokines, which are involved in multiple diseases. Actually,
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of synovial fluid leptin levels with body mass index (BMI) in people with severe osteoarthritis [4]. The first
findings have suggested that high circulating leptin levels in obese individuals may protect cartilage from
osteoarthritic degeneration. Actually, Dumond et al. have demonstrated that the intra-articular injection of
leptin can strongly stimulate the synthesis of insulin-like growth factor-1 (IGF-1) and transforming growth
factor-β (TGF-β) at both the messenger RNA (mRNA) and protein levels which can exert anabolic activities
in cartilage metabolism [4].
By contrast, leptin has been demonstrated to act as a proinflammatory agent in osteoarthritis. Otero
et al. showed that, in cultured human and murine chondrocytes, type 2 nitric oxide synthase (NOS2) is
activated by the combination of leptin plus IFNγ , and NOS2 activation by IL1 is increased by leptin via a
mechanism involving JAK2, PI3K, MEK1, and p38 [5–7]. The costimulation of leptin plus IFNγ induces
nitric oxide, a well-known proinflammatory mediator on joint cartilage, where it triggers chondrocyte
phenotype loss, apoptosis, and metalloproteinases (MMPs) activation.
Leptin, per se, is able to induce also the expression of MMPs involved in OA cartilage damage, such
as MMP-9 and MMP-13 [8]. Recently, Koskinen et al. have suggested that leptin alone or in combination
with IL-1β upregulates MMP-1 and MMP-3 production in human OA cartilage through the transcription
factor NF-κB, protein kinase C, and MAP kinase pathways, and its levels correlate positively with MMP-1
and MMP-3 in synovial fluid (SF) from OA patients [9].
Noteworthily, very recently, Gómez et al. have showed that in human chondrocytes leptin increased
IL-8 production, which is one of the major mediators of the inflammatory response [10].
Moreover, in articular cartilage of rats, gene expression of ADAMTS-4 and ADAMTS-5 (a disintegrin and metalloproteinase with thrombospondin motifs) was markedly increased after treatment with
leptin inducing also a depletion of proteoglycans [11].
Leptin could also contribute to abnormal osteoblast function in OA. Indeed, the elevated production
of leptin in OA abnormal subchondral osteoblast is correlated with the increased levels of ALP (alkaline
phosphatase), OC (osteocalcin), collagen type I, and TGF-β1, inducing a dysregulation of osteoblast
function [12]. Very recently, Griffin et al. showed that the incidence of OA was not higher in ob/ob and
db/db female obese mice than in control background strain (C57BL/6J) [13]. Nevertheless, in this study, no
standard was set for the incidence of OA in obese control mice (without leptin mutation) [12].
This recent finding suggests that obesity, as dysregulated body fat accumulation, per se, is not a
risk factor for joint degeneration since adiposity in the absence of leptin signaling is insufficient to induce
systemic inflammation and knee osteoarthritis in female mice.
2.3. Leptin and Rheumatoid Arthritis
Together with other neuroendocrine signals, leptin seems to play a role in autoimmune diseases such as RA,
but whether leptin can harm or protect joint structures in RA is still unclear. In patients with RA, circulating
leptin levels have been described as either higher or unmodified in comparison to healthy controls
[8, 14]. In RA patients, a fasting-induced fall in circulating leptin is associated with CD4+ lymphocyte
hyporeactivity and increased IL-4 secretion [15]. Experimental antigen-induced arthritis is less severe
in leptin-deficient ob/ob mice than in wild-type mice, whereas leptin-deficient mice and leptin-receptordeficient mice exhibited a delayed resolution of the inflammatory process in zymosan-induced experimental
arthritis. Notably, leptin decreased the severity of septic arthritis in wild type mice. So, in the light of the
present results it seems difficult to make an unambiguous conclusion about a potential role of leptin in
RA [16]. Several authors have also demonstrated that there may exist a close dependence between the risk
of aggressive course of RA and leptin levels [17, 18]. In addition, a correlation between serum leptin and
synovial fluid/serum leptin ratio and disease duration and parameters of RA activity has been reported [19].
The action of leptin in RA is not only targeted to articular tissue, but this adipokine also exerts direct
modulatory effects on activation, proliferation, maturation, and production of inflammatory mediators in
a variety of immune cells, including lymphocytes, natural killer cells, monocytes/macrophages, dentritic
cells, neutrophils, and eosinophils [20].
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It is noteworthy that adiponectin-leptin ratio has been proposed as predictor of pain in OA patients
[46]; in fact this adipokine has been detected in the OA synovial fluids correlating with osteoarthritis severity
[47] and aggrecan degradation [48].
3.4. Adiponectin and SLE
The role of adiponectin in the SLE pathophysiology is not clear. High levels of adiponectin have been found
in patients with systemic lupus erythematosus (SLE) in comparison with healthy controls [49]; intriguingly,
among the SLE patients, patients with insulin resistance (IR) showed significantly lower adiponectin levels
than patients without IR [50].
Rovin et al. have reported that plasma adiponectin levels are increased in patients with renal SLE
compared to healthy controls and patients with nonrenal SLE. During renal but not nonrenal SLE flare, urine
adiponectin levels increase significantly. For this reason, urine adiponectin may be a biomarker of renal SLE
flare [51]. Intriguingly, the group of Aprahamian has suggested that PPAR-gamma agonists may be useful
agents for the treatment of SLE and also demonstrated that induction of adiponectin is the major mechanism
underlying the immunomodulatory effects of PPAR-gamma agonists [52]. However, these authors obtained
their data by using a murine model of lupus so that the reality regarding the potential therapeutic effect of
PPAR gamma agonists in human SLE may be completely different.
In addition, the study of Vadacca et al. reported no difference of adiponectin levels in SLE patients
in comparison to healthy subjects [53].
In addition, very recently, McMahon and colleagues have demonstrated that leptin levels confer
increased risk of atherosclerosis in women with systemic lupus erythematosus and that there is no significant
association between adiponectin and atherosclerotic plaques in SLE [24].

4. RESISTIN
4.1. Resistin: A Short Overview
Resistin, known as adipocyte-secreted factor (ADSF) or found in inflammatory zone 3 (FIZZ3), was
discovered in 2001 and was proposed as potential link between obesity and diabetes [54]. It was secreted
by adipose tissue but has been found also in macrophages, neutrophils, and other cell types. Serum resistin
levels increase with obesity in mice, rats, and humans [55, 56]. Increasing evidence indicates its important
regulatory role in various biological processes, including several inflammatory diseases.
4.2. Resistin and RA
There are demonstrations that resistin may be involved in the pathogenesis of RA. Increased levels of
this adipokine in synovial fluid from patients of rheumatoid arthritis (RA) compared to patients with
noninflammatory rheumatic disorders have previously been observed [57].
Actually, resistin has been found in the plasma and synovial fluid of RA patients, and injection of this
adipokine into mice joints induce an arthritis-like condition, with leukocyte infiltration of synovial tissues,
hypertrophy of the synovial layer, and pannus formation [58, 59]. Bokarewa et al. have showed also that
resistin induces and is induced by several proinflammatory cytokines, such as TNF-α or IL-6, in peripheral
blood mononuclear cells, via NF-κB pathway, indicating that resistin can increase its own activity by a
positive feedback mechanism [58] Increased serum resistin in patients with rheumatoid arthritis correlated
with both C-reactive protein (CRP) and DAS28, suggesting a role of this adipokine in the pathogenesis of
rheumatoid arthritis [59]. Gonzalez-Gay et al. have confirmed this association between laboratory markers
of inflammation, particularly CRP and resistin levels and have showed that anti-TNF-alpha therapy results
in a rapid reduction of serum resistin levels in patients with RA [60].
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Abstract

INTRODUCTION

With the many recent advances in the biomedical
world, vast changes are taking place in our growing
knowledge of the physiological aspects of almost all
the tissues and organs of the human body. One of the
most prevalent topics of discussion is the question of
obesity and its effect on the metabolic changes in the
human body. The original classical role of adipose tissue
as an energy storage organ has been greatly modified.
We now know that it is an endocrine organ, producing
adipokines like leptin, adiponectin, visfatin, resistin,
apelin, etc , which modulate metabolic processes in the
body. Since obesity is associated with an increase in the
adipose tissue mass, these hormones may be expected
to be produced in increased concentrations and may
thus have a significant impact on the macronutrient
metabolism. Further, these adipokines may interact
with long term energy modulators like insulin. Even
though the scientific community has started unravelling
the mysteries of the close linkage between obesity,
its hormones and their physiological effects, a lot still
remains to be discovered. The present discussion makes
an attempt to trace the basic modern day concepts of
the role of obesity in various metabolic processes.
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Genetic predisposition is a key contributing factor in
obesity, as has been demonstrated by familial aggregation,
twin and adoption studies[1,2]. Estimates for a genetic
basis for obesity range from approximately 40% to 70%.
The idea that genetic loci alter body fat content has been
substantiated by the identification of mutations that cause
low- or high-fat phenotypes in rodents and humans[3].
Obesity comes about when energy intake, principally st
ored as triglycerides, exceeds energy expenditure[4]. Obe
sity is a complex trait influenced by diet, developmen
tal stage, age, physical activity and genes[5]. Many recent
epidemiological studies have documented the rapid inc
rease in the prevalence of obesity. According to data from
the Center for Disease Control Behavioural Risk Factor
Surveillance System, in the United States the prevalence
of obesity [body mass index (BMI) > 30 kg/m 2] has
increased from < 20% a decade earlier to 30% in 2006[6].
Along with the increase in obesity there is a parallel in
crease in the prevalence of type 2 diabetes, impaired glu
cose tolerance[7,8], and other complications of obesity, such
as hypertension, sleep apnoea, and arthritis. A recent study
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that persists despite high insulin levels. In contrast, obe
sity is not induced by insulin deficiency. However, such
comparisons are complicated by the critical role that
insulin has in promoting both fat storage and leptin syn
thesis by fat cells.

various hormones that regulate body metabolism. An
increase in the fat cell mass leads to imbalances in its
release of hormones, which can have various metabolic
effects. The metabolic complications of obesity, often
referred to as the metabolic syndrome, consist of insulin
resistance, often culminating in b-cell failure, impaired
glucose tolerance and type 2 diabetes, dyslipidemia, hy
pertension, and premature heart disease. Abdominal obe
sity, ectopic lipid accumulation, hepatic steatosis, and sleep
apnea can also be included in the metabolic complications
of obesity[34].
In mammals, white adipose tissue functions as the
main depot for fuel storage. In the past decade, iden
tification of myriad lipid and protein signals secreted from
this tissue has led to its recognition as a major endocrine
organ[35,36]. Adipocytes secrete a variety of biologically
active molecules, termed as adipocytokines[37]. Adipose
tissue has been found to be an important source of va
rious hormones. Of these, the hormones which play an
important role in body weight regulation are mainly leptin,
visfatin, apelin, resistin, and adiponectin.

Leptin and obesity
Leptin is the chief regulator of the “brain gut axis”,
which provides a satiety signal through its action on the
CNS receptors within the hypothalamus[41,55] Activation
of hypothalamic leptin receptors suppresses food intake
and promotes energy expenditure pathways[56]. Leptin
levels decrease with weight reduction.
The hypothesis that leptin resistance can occur in
association with obesity was first suggested by the finding
of elevated plasma leptin levels in obese humans[57]. This
hypothesis suggests that some cases of human obesity
may be due to reduced leptin action in the brain, and
affected individuals are unlikely to respond to pharma
cological treatment with leptin. Several mechanisms con
tribute to leptin resistance.
Leptin uptake into the brain is facilitated by leptin
receptors expressed by endothelial cells[58] in the bloodbrain barrier that function as leptin transporters. Impaired
leptin transport across endothelial cells of the bloodbrain barrier is one potential mechanism leading to lep
tin resistance. Whether dysfunction of this transport
process can lead to obesity remains to be determined,
but it has been seen that in obese humans cerebrospinal
fluids demonstrate low levels of leptin in comparison to
plasma[59].
Upon activation of leptin receptors in the brain, a se
ries of integrated neuronal responses required for food
intake and energy balance are activated, and these neuronal
effector pathways play a key role in energy homeostasis.
Failure of one or more of these pathways in response
to the leptin signalling will manifest as leptin resistance[60].
Reduced leptin-receptor signal transduction is another
potential cause of leptin resistance. Like other cytokine
receptors, activation of the leptin receptor induces ex
pression of a protein that inhibits any further leptin signal
transduction, termed 'suppressor of cytokine signalling-3'
(SOCS-3)[61]. The potential contribution of SOCS-3 to
acquired forms of leptin resistance and obesity is an active
area of study.

ROLE OF LEPTIN IN BODY WEIGHT
REGULATION
Leptin
Leptin, the 167 amino acid protein, is a cytokine-like
hormone secreted from white adipose tissue. It was the
first adipocytokine identified, encoded by the ob gene.
Leptin receptors are expressed in a number of different
tissues. Adipocytes have been identified as the primary
site for leptin expression, however it is also expressed
in the gastric wall, vascular wall, placenta , ovary , in
skeletal muscle, and the liver [38-41]. Leptin has several
roles, including growth control, metabolic control, im
mune regulation, insulin sensitivity regulation, and repro
duction[42-44]. However, its most important role is in body
weight regulation.
Leptin and insulin
The mechanisms involved in leptin secretion are all quite
different. The rate of insulin-stimulated glucose utilization
in adipocytes is a key factor linking leptin secretion to
body fat mass[45]. Although the mechanism is incompletely
understood, it may involve glucose flux through the
hexosamine pathway[46]. In addition, various observations
indicate that leptin has a more important role than insulin
in the CNS control of energy homeostasis. Insulin is
secreted from the endocrine pancreas and exerts po
tent effects on peripheral nutrient storage. Insulin is an
afferent signal to the CNS that causes long-term inhi
bitory effects on energy intake. Leptin receptors and in
sulin receptors are expressed by brain neurons involved
in energy intake[47-49], and administration of either peptide
directly into the brain reduces food intake[50-52] whereas
deficiency of either hormone does the opposite[53-54]. Le
ptin deficiency causes severe obesity, with hyperphagia
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Leptin and inflammation
The role of Leptin in inflammation can be summarized
as: (1) Pro-inflammatory; (2) Increase in T cell activation,
and cytokine release proliferation; (3) Promotes Th1 response; (4) Increases NK cell activation; (5) Increases ma
crophage activation and cytokine release [tumor necrosis
factor (TNF)-a/interleukin (IL-6) etc]; and (6) Activates
neutrophils and increases their chemotaxis and oxidative
burst.
Leptin acts on the monocytes and induces the release
of cytokines such as TNF-a or IL-6 as well as CCL2
and VEGF [58]. It leads to increased proliferation and
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differentiation of the monocytes. Acting on the neu
trophils, leptin leads to an increased expression of CD
11b, as well as increased neutrophil chemotaxis and
oxidative burst[58,62,63], all of which are very important in
innate immune responses and regulation of pathogen
colonization of the skin and mucosa[64].

cells and in the circulation, in multimeric forms: trimers,
hexamers, high-MW oligomers and full-length adiponectin
multimers (fAd). The fAd may cleave to liberate a frag
ment containing the C-terminal globular domain (gAd),
which plays an important role in adipose tissue meta
bolism[70]. Adiponectin oligomers act via two receptor
subtypes (AdipoR1 and AdipoR2), the stimulation of
which results in increased AMP-activated protein kinase
(AMP-kinase ), PPAR-α ligand activities and activation of
a NF-kB signaling pathway[71-73].
Adiponectin has the following metabolic functions in
the body: (1)Enhances hepatic insulin actions and suppresses fatty acid influx into the liver[74,75]; (2) Enhances
glucose uptake in the liver and skeletal muscles[71]; and (3)
Increases fatty acid oxidation[76].
The main difference between adiponectin and the
other hormones is that, whereas the other hormones are
related to insulin resistance and are increased in obesity,
adiponectin production and concentration decreases in
obesity[77].
Combined efforts of various researchers have led to
the discovery that the adiponectin levels in humans is less
in obese individuals than in the lean subjects[78]. In another
recent study it has been observed that plasma MMW and
LMW adiponectin levels decrease in Type 2 diabetics
as compared to the non-diabetic individuals[79]. Various
other studies have demonstrated the inverse relationship
between plasma adiponectin and serum triglyceride levels
as well as fasting and post-prandial plasma glucose con
centrations.

Visfatin
Visfatin is also known as pre-B cell colony enhancing
factor (PBEF). Visfatin also possess nicotinamide phos
phoribosyltransferase (Nampt) activity. It is produced by
the visceral adipose tissue. The expression of visfatin is
increased in abdominal obesity and type 2 DM. Visfatin
binds to the insulin receptors at a site distinct from in
sulin and mimics insulin in exerting a hypoglycemic
effect by reducing glucose release from the hepatocytes,
and stimulating the glucose utilization in the peripheral
tissues[65] .
However, recent studies indicate the association of
visfatin with obesity alone and make its metabolic role
debatable. Revello et al demonstrated that the extracellu
lar form of Nampt (eNampt/Visfatin/PBEF) secreted
through the non-classical secretory pathway had nicotina
mide adenine dinucleotide (NAD) biosynthetic activity.
Haplodeficiency and chemical inhibition of Nampt re
sulted in decreased NAD biosynthesis and glucose-sti
mulated insulin secretion in pancreatic islets in vitro and
in vivo. It has been suggested that supplementation of
nicotinamide mononucleotide, a Nampt reaction product,
results in an amelioration of these defects. Revello and
his co-workers also demonstrated that visfatin does not
mimic insulin[66].

Adiponectin and inflammation: The role of adipo
nectin has been defined beneficial to the body. (1) It is
anti-inflammatory[80]; (2) It decreases T cell activation and
proliferation; (3) It inhibits NFkB dependent cytokine
release and molecule expression including TNF-a/IL-6[81];
(4) It increases IL-10; and (5) It inhibits phagocytosis
oxidative burst.
In obesity, concentrations of inflammatory mediators
like TNF-a and IL-6 increases. This leads to a decrease
in adiponectin expression and release. The main function
of adiponectin in an immune metabolism is via the NFκB
pathway[73]. In the immune system, adiponectin inhibits T
cell activation and proliferation.
Adiponectin also inhibits B-cell lymphopoiesis[82]. Adi
ponectin induces the production of the anti-inflammatory
mediators IL-10 in human monocytes, monocyte-derived
macrophages, and dendritic cells. In addition, adipo
nectin significantly impairs the production of the proinflammatory cytokine IFN-γ. Moreover, adiponectintreated macrophages exhibit reduced phagocytic capa
city[83].

Apelin
Apelin is an adipocytokine whose plasma concentration
is increased in obesity, insulin resistance and hyperin
sulinemia[66]. In the cardiovascular system, apelin elicits
endothelium dependent, nitric oxide mediated vaso
relaxation and reduces arterial blood pressure[67], along
with a positive inotropic activity.
Resistin
Resistin is thus named because it renders resistance to
the action of insulin[68]. It is made up of 114 amino acids.
It has been observed that circulating resistin levels are
increased in obese humans. It is considered a pro-inflam
matory molecule. It activates NFkB-dependent cytokine
release and adhesion molecule expression including
TNF-a and IL-6. It also plays an important role in the
pathogenesis of diabetes and its complications. The
release of resistin is often associated with stimulation
by the inflammatory process, IL-6, hyperglycemia and
hormones like the growth hormone and the gonadal
hormones. The role of resistin in obesity and insulin resis
tance in humans is controversial[69].

Adiponectin and cardiovascular function: Adiponectin
has been shown to have various vasculoprotective effects.
In obesity, the adiponectin level decreases and it leads to
an increase in cardiovascular risk.
Various studies have made an effort to correlate this

Adiponectin
Adiponectin is an important adipocytokine, present within
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The body mass index predictor for the onset and the
staging of rheumatoid arthritis
Mo ni ca C o po t o i u , L i a G eo r ges c u
Objective: The aim of the study was to determine if body mass index (BMI) is a risk factor for rheumatoid arthritis (RA).
Methods: A retrospective and prospective study was performed in the University Clinic of Rheumatology of Targu Mures. 82
patients with RA were asses for BMI, erythrocyte sedimentation rate (ESR), C-protein, rheumatoid factor (RF), anti- CCP antibodies,
duration/onset of the disease, the staging of the disease, co-morbidities as osteoporosis, cardiovascular diseases as well as
the treatment followed by the patients corticotherapy and DMARD's (disease modifying arthritis drugs). The correlation between
the BMI and the above variables was assessed by logistic regression.
Results: We weren't able to demonstrate a statistical significant correlation between the BMI, the anti-CCP antibodies and the
staging of the disease (p1=0.6024, p2=0.2871), but we were able to determine that the relationship between the anti-CCP
antibodies and the staging of the disease is confound by the BMI (P=0.0420). A statistical correlation between the BMI, the RF and
the staging of the disease was obtained (p=0.0483), but the influence of the BMI over the RF and the staging of the disease was
not statistical significant (p=0.2016). A non existing correlation between the BMI, the ESR, the C-protein, the one DMARD therapy
and the staging of the disease was obtained (p1=0.1536, p2=0.3732, p3=0.5285) as well as the existence of a relationship
confound by the BMI and the others variables (p1=0.1310, p2=0.2119, p3=0.3443). We weren't able to demonstrate a statistical
significant correlation, between the BMI, the duration/onset and the staging of the disease (p1=0.8654, p2=0.4519), but we were
able to determine that the relationship between the duration and the staging of the disease is confound by the BMI (p=0.0306). A
similar statistical result was obtained for the correlation of the BMI with more than one DMARD therapy and the staging of the
disease (p1=0.0472, p2=0,0258); the confound of the relationship between the treatment, the staging of the diseases by the
BMI was not statistical significant (p=0.3454).
Conclusions: These data suggest that the adipose tissue represented in this study by the BMI is a predictor for
positive anti-CCP antibodies and also for the evolution of the disease as duration/onset and staging.
Key words: BMI, RA

Rheumatoid arthritis (RA) is a chronic inflammatory

The main role of white adipose tissue is no longer the
one of energy storage. It represents one of the main player
autoimmune disease that causes a symmetrical polyarthritis participants in regulating physiologic and pathologic
affecting primarily the small joints of the hands and feet processes, including immunity and inflammation.1
without involving the IPDs, later with the involvement of
Clinical and experimental studies proved that
shoulders, elbows, ankles, knees and hips.
excessive amounts of adipose tissue are related to
increased systemic inflammation.1,2,3,4,5,6,7,8,9,10
Immunological speaking RA implies an
Citrullination is characterised by a modified
immunological breakdown tolerance towards self. The
trigger that initiates the breakdown is still posttranslational arginine residue in a given protein in the
presence of high calcium-concentrations by an enzyme
unknown2,3,4,5,6,7,8,9,10
called PAD (peptidyl arginine deiminase). Citrullination
The environmental factor corroborated with the
is important for the degradation of intracellular proteins.
genetic factor represents one of the possibities concerning
In healthy subjects the citrullination proteins are absent,
the risk factors.
but they are found in RA synovium.
Some environmental factors showed specific effects
(factors promoting citrullination) related to RA
The latest studies have shown that antibodies to
pathogenesis, whereas others have non-specific effects cyclic citrullinated peptide (anti-CCP) are the strongest
promoting inflammation (triggers on innate immunity).
independent predictor of radiographic damage and also
Factors as infections, cigarette smoking, coffee
that radiographic progression is associated with the level
consumption, alcohol abuse had shown association with
of antibodies. So the anti CCP along with RI' are
the RA subtypes (ACPA positive or negative), whereas
associated with a more severe disease course, being a
others like adipose tissue expressed clinically as BMI
predictor of outcome in RA.
body mass index) considered involved only in innate
immunity is reconsidered due to the latest discoveries.
A strong association with ACPA negative RA has
--------------------------------------------------------------------been shown for patients with high body mass index.
--

Department of Rheumatology, Faculty of Medicine,
University of Medicine and Pharmacy, Targu Mures
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These findings were questioned by another studies
arising the hypotheses that they could have been confounded by osteoarthritis patients with ACPA negative RA
group.
In conclusion the studies published reported
paradoxes findings concerning the role of the adipose
tissue as an environmental risk factor corroborated with
different subtypes of RA in the outcome of the disease.
MATERIAL AND METHODS
Patients
We conducted a prospective and retrospective
observational study in a population of women and men
diagnosed wit h rheumatoid art hrit is (RA) in t he
University Clinic of Rheumatology of Targu Mures. A
total of 82 patients were enrolled in the study between
first January 2007
2307 and first January 2009. Two groups
were formed: the first one with T body mass index
(BMI)-34 women with mean age 55.166 +/- 10.904
and 4 men with mean age 61.5 +/- 8.544 and 39
women with mean age 54.589 +1- 14.896 and 9 men
with mean age 64.44 -47- 13.068 were part of the
second group -t he no r mal BMI . We did include
pat ient s wit h co nfo u nd i ng fa c t o r s s uc h a s
bo ne d i s e a s e s - osteoporosis and cardiovascular
diseases. All the patients received DMARD therapy.
Measured parameters
We measured the BMI, eryrthrocyte sedimentation
rate (ESR), C-protein, rheumatoid factor (RF), antiCCP antibodies, duration/onset of the disease, the
staging of the disease and also we assessed the co morbidities as osteoporosis, cardiovascular diseases as
well as t he treat ment followed by t he pat ient s corticotherapy and DMARD's (disease modifying
arthritis drugs) in order to obtain a correlation between
the BMI and the above variables.
All measurements were performed in a centralised
laboratory (Emergency Hospital Laboratory of Targu Mures).

Statistical analysis
The logistic regression was performed in order to
find a correlation between the variables and as well to
evidence if the BMI is a confounder in the relations
between two factors. There are two exposure levels, one
considered as the primary exposure of interest and
another as potentially an effect modifier, confounder,
significant independent exposure, or none of this. The
logistic regression was assessed using the statististical
software STATA version 05.07.20.11
Both groups passed the normality test - the Bartlett test.
GraphPadPrism5 was used to perform the normality test.
RESULTS AND DISCUSSION
BMI/anti-CCP antibodies/staging of the disease (table I)
We weren't able to demonstrate a statist ical
significant correlation between the BMI, the anti-CCP
antibodies and the staging of the disease (p1=0.6024,
p2=0.2871), but we were able to determine that the
relationship between the anti-CCP antibodies and the
staging of the disease is confound by the BMI
(p=0.0420). The individuals with an elevated anti-CCP
antibodies have an odds of late staging of RA 5. 1317
t imes great er t han t hose wit h normal ant i- CCP
antibodies levels controlling for BMI. BMI have
0.5221 the odds of late staging of RA compared to
normal BMI controlling for anti-CCP antibodies. So the
level of anti-CCP antibodies is a marker for the outcome
of the RA and the BMI patients are probably at a higher
risk for an evolving RA. BMI/RF/staging of the disease
(table II).
A statistical correlation between the BMI, the RF
and the staging of the disease was obtained (p=0.0483),
but the influence of the BMI over the RF and the staging
of the disease was not statistical significant (p=0.2016).
We speculate that the lack of confounding with the
BMI is the fact that the RF is an antibody that has a
less sensitivity and specificity than anti-CCP
antibodies in RA and can be encountered in different
situations.
BMI/ESR/staging of the disease (table III) .

Table l Correlation and confound of the BMI with anti-CCP antibodies and stage of the disease

variables
BMI
anti-CCP

P=0 0445
OR
9.2632
2.2000

0.0427
0.6024

Stage of RA

0.1799

0.2871

variables
anti-CCP
BMI

P=0-0303
OR
5.1317
0-5221

Table II. Correlation and confound of the BMI with RF and
variables
BMI
RF

P=0.0483
OR
0.8333
0.0000

Stage of RA

54537.4821

0.7629
0.9981
0 9981

variables
RF
BMI

0.0420
0.1520

state of the disease

P=0.2016
OR
1.4454
0.3911

P
0.4810
0,0917

Table III. Correlation and confound of the BMI with ESR and stage of the disease
variables
BMI
ESR
Stage of RA

P=0.1536
OR
1.1404
0.1515
3 8585

P
0.8347
0.1053
0.3033

variables
ESR
BMI

P=0.1310
OR
1.6615
0.4130

0.3392
0.0895
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