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Abstract
Besides its well-known role as energy storage tissue, adipose tissue is a biologically active tissue that can also be consid-
ered as an endocrine organ, as it is able to secrete adipokines. These bioactive factors, similar in structure to cytokines, are 
involved in several physiological and pathological conditions, such as glucose homeostasis, angiogenesis, blood pressure 
regulation, control of food intake, and also inflammation and bone homeostasis via endocrine, paracrine, and autocrine 
mechanisms. Given their pleiotropic functions, the role of adipokines has been evaluated in chronic rheumatic osteoarticular 
inflammatory diseases, particularly focusing on their effects on inflammatory and immune response and on bone alterations. 
Indeed, these diseases are characterized by different bone complications, such as local and systemic bone loss and new bone 
formation. The aim of this review is to summarize the role of adipokines in rheumatoid arthritis, ankylosing spondylitis, 
psoriatic arthritis, osteoarthritis, and osteoporosis, especially considering their role in the pathogenesis of bone complica-
tions typical of these conditions.
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Introduction

Adipose tissue is recognized to perform several functions; 
besides its role in energetic homeostasis and energy storage, 
it is involved in thermogenesis, it is responsible for structural 
support of joints, gastrointestinal tract and skin and it can 
be considered as an endocrine organ as it is able to produce 
several biological mediators known as adipokines that are 
involved in blood pressure regulation, glucose homeosta-
sis, angiogenesis, control of food intake, and regulation of 
inflammation and immune system via endocrine, paracrine, 
and autocrine mechanisms [1–3]. Adipokines have both pro-
inflammatory and anti-inflammatory properties and provide 
a link between systemic metabolism and immune response, 
both at a local and systemic level. In healthy individuals 
with normal metabolic status, there is a balance between 
pro- and anti-inflammatory adipokines. In fasting conditions, 
the production of anti-inflammatory adipokines within the 
white adipose tissue increases, while the pro-inflammatory 

adipokine levels decline, resulting in suppressed immune 
function. On the contrary, obesity is characterized by a shift 
towards proinflammatory adipokines: this pro-inflammatory 
status contributes to the chronic “low-grade inflammatory 
state” associated with obesity [2].

Given their pleiotropic functions, increasing evidence 
leads to consider adipokines as significant component of 
the complex network of soluble mediators involved in the 
pathophysiology of chronic inflammatory and immune 
mediated disease, such as rheumatic diseases [4, 5]. Indeed, 
although mainly released by adipocytes, adipokines are also 
synthesized by osteoblasts, chondrocytes, synoviocytes, and 
immune cells in the joint microenvironment [4].

For instance, resistin is mainly produced by circulating 
monocytes and macrophages in humans [3, 4], and resistin 
expression was observed in rheumatoid arthritis (RA) joints 
in synovial stromal cells and infiltrating immune cells, such 
as macrophages and B cells [4]. Another adipokine, visfatin, 
is primarily found in liver, bone marrow, and muscle tis-
sue, and it is also secreted by macrophages [3]. Moreover, 
although mainly produced by white adipose tissue cells, 
the adipokine leptin gene expression has been found in pla-
centa trophoblasts and amnion cells, in fetal mouse bone and 
cartilage, in rat gastric epithelial cells [5, 6]. Furthermore, 
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chondrocytes and synovial fibroblasts from RA and osteo-
arthritis (OA) patients express the adipokine chemerin [4]. 
Also, another adipokine, vaspin, is expressed in tissues other 
than adipose tissue, like skeletal muscle, and OA cartilage 
and synovium [4].

The main chronic inflammatory joint diseases are char-
acterized by an important bone involvement, with drastic 
impact on quality of life. In RA, systemic and local bone 
loss prevail, leading to the typical joint erosions and juxta-
articular and systemic osteoporosis (OP). Conversely, in 
OA and spondyloarthritis (SpA), local new bone forma-
tion is observed, with subsequent formation of osteophytes 
and syndesmophytes [7]. OP is a systemic bone disease 
characterized by impairment of bone mass and microarchi-
tecture, leading to fragility fractures; it is most frequently 
observed in postmenopausal women and in older people in 
general. Aging is associated with a low-grade inflammatory 
state distinguished by overexpression of proinflammatory 
cytokines, such as IL-1, IL-6, and TNFα, which could lead 
to the increased bone resorption observed in OP. Indeed, 
these cytokines are potent stimulators of bone resorption 
and inhibitors of bone formation [8].

In the latest years, the close relationship between adi-
pose tissue and bone tissue has become clearer. Bone mass 
positively correlates with fat mass, and epidemiological 
studies showed that low body weight is a major risk factor 
for fractures and low bone mineral density [9]. A possible 
explanation for the positive association between adipose tis-
sue and bone mass could be found in the skeleton response 
to mechanical loading due to body weight; nevertheless, 
in the last few years, several authors investigated the effect 
of adipokines in bone metabolism and bone remodeling as 
mediators of the fat-bone crosstalk [10].

The aim of this review is to summarize the role of 
adipokines in rheumatoid arthritis, ankylosing spondy-
litis, psoriatic arthritis, osteoarthritis, and osteoporosis, 
especially considering their role in the pathogenesis of 
bone complications typical of these conditions.

Adipokines and Inflammation

Adipokines affect several biological functions: their actions 
impact not only on metabolism but also on different fea-
tures of the immune system. Therefore, these mediators may 
embody a junction between lipid metabolism, inflammation 
and autoimmunity. Adipokines might play a part in creating 
a chronic inflammatory state, stimulating the production of 
pro-inflammatory cytokines by different immune cells, like 
macrophages. Nevertheless, the results of adipokines’ action 
on inflammation and immune system can be considerably 
different and are often conflicting (Fig. 1).

Adiponectin is a glycoprotein mainly secreted not only 
by white adipose tissue but also by skeletal muscle, bone 
cells, lymphocytes, and liver. Adiponectin is the most rep-
resented circulating adipokine. Adiponectin circulates in 
blood in multiple isoforms whose biological relevance is not 
fully known: low molecular weight (LMW) trimer, medium 
molecular weight (MMW) hexamer and high molecular 
weight (HMW) multimer. In addition, a smaller form called 
globular adiponectin (gAd) has been described [11]. The 
HMW isoform is thought to be the most biologically active. 
Adiponectin acts through different signaling pathways, such 
as AMPK and PPAR, after binding to its two receptors: 
AdipoR1, expressed ubiquitously but mainly in the skel-
etal muscle, and AdipoR2, predominantly described in the 
liver [11]. The pleiotropic actions of adiponectin in regard 
to insulin sensitivity, inflammation, and angiogenesis may 
actually be due to the existence of different isoforms with 
different receptor binding affinity in different target tissues 
[11, 12]. Several evidences have shown that adiponectin 
has a protective anti-inflammatory effect, especially in ath-
erosclerosis, obesity, and type 2 diabetes [2, 12]; however, 
recent studies suggested that it could play an opposite role 
in other conditions, such as autoimmune diseases [12]. As a 
modulator of the immune system, adiponectin has both anti- 
and pro-inflammatory activity. Adiponectin suppresses the 
pro-inflammatory M1 macrophage activation, while it pro-
motes the anti-inflammatory M2 macrophage activation and 
proliferation [12]. Moreover, it induces the production of 
anti-inflammatory factors in these cells and also in dendritic 
cells [13]. Further, this adipokine modulates the inflamma-
tory response by inhibiting eosinophil and endothelial cell 
chemotactic response [14, 15], suppressing macrophage 
and nuclear factor (NF)-kB signaling, stimulating mono-
cyte and macrophage apoptosis, and inhibiting their phago-
cytic activity [16]. Moreover, transcription of adiponectin 
is suppressed by inflammatory cytokines such as TNFα 
and IL-6 [17]. However, HWW adiponectin and gAd have 
been shown to induce TNFα in human monocytes, while 
mutated adiponectin that cannot form HMW could not lead 
to enhanced TNFα production [12]. Moreover, gAd appears 
to be a powerful inducer of pro-inflammatory cytokines in 
macrophages; indeed, macrophages exposed to gAd showed 
enhanced TNFα and IL-6 secretion in a dose-dependent 
manner [18]. Furthermore, adiponectin has been found to 
inhibit human neutrophil phagocytosis of Escherichia coli, 
both in whole blood and in isolated cells [19]; these data 
further support the existence of an immune modulatory role 
for this adipokine.

Leptin is a 16-kDa non-glycosylated cytokine-like  
hormone encoded by the LEP gene, and its action is medi-
ated through the leptin receptor (LEPR), which belongs to 
the class I cytokine receptor superfamily. At least six iso-
forms of LEPR are known, which differ by the length of 
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the cytoplasmic domain, but only the long isoform seems 
to be able of transducing the leptin signal. LEPR usually 
signals through the Janus kinase (JAK) and signal trans-
ducer and activator of transcription (STAT) signaling path-
way, but it is also able of signaling via alternative pathways 
including ERK1/2, p38 MAPK, JNK, PKC, SHP2/GRB2 
and PI3K/Akt pathways [5, 20]. Leptin is mainly produced 

by adipocytes and, in physiological conditions, circulating 
levels positively correlate with white adipose tissue mass 
and body mass index. This hormone could be considered 
an energy homeostasis regulating factor that balances 
food intake and energy consumption by inducing anorexi-
genic factors and by suppressing orexigenic factors in the 
hypothalamus. Several other factors are involved in leptin 

Fig. 1   Effect of adipokines on immune cells
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synthesis, such as energy status, sex hormones (increased by 
female sex hormones estrogen and progesterone, suppressed 
by testosterone), and various inflammatory mediators [5, 
20]. Moreover, other than adipose tissue, leptin is produced 
to a lesser extent by skeletal muscle, intestine, gastric epi-
thelium, placenta, mammary glands, brain, joint tissues, and 
bone [5] and is involved in several physiological processes, 
like vascular function, insulin secretion, bone metabolism, 
reproduction, inflammation, and immune response [5, 20, 
21]. For instance, leptin and its receptor are expressed in car-
diomyocytes and it can regulate cardiomyocyte contractility, 
hypertrophy, apoptosis, and metabolism [22]. This adipokine 
is also therefore associated with cardiovascular diseases, as 
shown by the association of elevated serum leptin levels 
and myocardial infarction and stroke; moreover, leptin is 
involved in atherosclerosis, since its positive association 
with inflammatory mediators involved in the pathogenesis 
of atherosclerosis C-reactive protein (CRP) and IL-6, the 
leptin-induced hypertrophy of vascular smooth muscle cells 
and the production of matrix metalloproteinase (MMP)-2, 
involved in plaque rupture. Furthermore, leptin enhances 
platelet aggregation and increases the production of several 
factors involved in the development of atherosclerosis, such 
as lipoprotein lipase, caveolin-1, and plasminogen activator 
inhibitor-1 [23]. Leptin has been suggested as the linking 
factor between adipose tissue, energy storage, and repro-
ductive function: it seems to have an important role in the 
balance of the hypothalamic-pituitary-gonadal axis, since 
low levels of leptin have been associated with hypogonado-
tropic hypogonadism and hypogonadism in type 1 diabetes, 
whereas hyperleptinemia may be involved in hypogonadism 
associated with obesity, polycystic ovarian syndrome, and 
type 2 diabetes [24]. Additionally, leptin inhibits insulin syn-
thesis and secretion from pancreatic β-cells, while insulin 
induces leptin secretion from adipose tissue. The alterations 
of this adipo-insular feedback are involved in the develop-
ment of hyperinsulinemia and type 2 diabetes mellitus [25]. 
Accordingly, LEPR is present on the surface of blood ves-
sel cells, cardiomyocytes, and innate and adaptive immune 
system cells, such as natural killer (NK) cells, granulocytes, 
monocytes, macrophages, dendritic cells, and B and T cells 
[21]. The mechanisms that control the immune-metabolic 
actions of leptin and its relationship with the immune sys-
tem have been deeply investigated. Leptin secretion from 
white adipose tissue is regulated by the inflammatory status: 
acute inflammation and pro-inflammatory mediators, such 
as TNFα, IL-1, IL-6 and positively regulate leptin release 
from adipose tissue and plasma leptin levels [26]. Leptin 
is considered a pro-inflammatory adipokine involved in the 
“low-grade inflammatory state” observed in overweight 
and obese people [20] and is involved in the modulation of 
both innate and adaptive immunity. Leptin promotes activity 
and proliferation of NK cells; it activates chemotaxis and 

cytokine secretion of granulocytes (neutrophils, basophils, 
and eosinophils) and monocytes, and it is able to delay their 
apoptosis [20]; moreover, leptin promotes activation and 
proliferation of monocytes as well as the production of pro-
inflammatory cytokines, such as IL-1, TNFα, and IL-6, in 
peripheral blood monocytes and resident tissue macrophages 
in mice and humans [2, 20]. Further, this adipokine induces 
the phagocytic activity of neutrophils and monocytes/mac-
rophages [27, 28]. Likewise, leptin acts as an activator, che-
moattractant, and survival factor for dendritic cells, with 
a possible involvement in their maturation and migration 
[20, 29, 30]. Leptin is also able to deeply affect the adapta-
tive immune system, as it is able to enhance proliferation of 
naïve T and B cells whereas it decreases Treg cell prolifera-
tion while increasing Th17 proliferation [20].

Resistin is a cysteine-rich adipokine which in humans is 
predominantly secreted by macrophages. For this reason, it has 
been hypothesized that this mediator could affect the inflam-
matory response, albeit it exhibits pro- or anti-inflammatory 
actions in different tissues [4]. Studies have shown that resistin 
is able to enhance endothelial permeability and induce adhe-
sion molecule expression and pro-inflammatory cytokine pro-
duction in monocytes [31–33]. Additionally, this adipokine 
can downregulate the expression of reactive oxygen species 
(ROS) in macrophages and neutrophils, thus indirectly delay-
ing apoptotic mechanisms in these cells [34].

Omentin is a glycoprotein first described in Crohn’s dis-
ease patients, but it is also found in plasma from healthy 
donors [4]. This adipokine has well-defined anti-atherogenic 
properties in obese patients and is negatively associated with 
metabolic syndrome [4]. Similar to adiponectin, omentin 
modulates macrophages activity by promoting the anti-
inflammatory M2 phenotype activation and proliferation [35] 
and inhibits the expression of pro-inflammatory cytokines 
in these cells [36]. Given these data, omentin role in osteo-
articular inflammatory diseases, such as psoriatic arthritis 
(PsA) and OA, has been investigated, as described in the 
following paragraphs.

Vaspin is an adipokine associated with several metabolic 
alterations, including insulin resistance, metabolic syn-
drome, atherosclerosis, and cardiovascular disease. Vaspin is 
not expressed only in adipose tissue, but also in skin, stom-
ach, and skeletal muscle [4]. Furthermore, this adipokine 
plays a role in the regulation of the inflammation process. 
Vaspin modulates macrophage apoptosis [37] and has been 
reported to downregulate the expression of pro-inflamma-
tory factors in monocytes/macrophages, neutrophils, and 
dendritic cells [38].

Visfatin is also called pre-B-cell colony-enhancing fac-
tor since it promotes B cell precursor differentiation (in 
synergy with IL-7). It is mainly produced by adipose tis-
sue but also by other tissues such as the liver, bone mar-
row, and muscle tissue. As described for other adipokines, 
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visfatin expression is induced by inflammatory factors 
such as TNFα, IL-1β, and IL-6. Visfatin in itself is consid-
ered a primarily pro-inflammatory adipokine [4]. Indeed, 
it promotes the chemotaxis of monocytes [39] and delays 
apoptosis of macrophages and neutrophils [40, 41], as well 
as stimulating their phagocytic activity [39, 42].

Other adipokines, like chemerin and apelin, are 
involved in the regulation of immune response. For 
instance, chemerin can modulate the migration of mono-
cytes/macrophages and dendritic cells [43, 44], as well 
as inducing the phagocytic function of neutrophils and/
or monocytes/macrophages [45], like leptin and visfatin. 
Conversely, alongside adiponectin, apelin suppresses this 
process; moreover, it inhibits chemotaxis of macrophages 
and the expression of pro-inflammatory mediators in these 
cells [46].

Adipokines and RA

RA is a chronic autoimmune inflammatory disease that 
primarily affects synovial joints, characterized by autoan-
tibody production, cartilage and bone destruction, and  
systemic findings [17, 47]. The majority of RA patients 
present autoantibodies, including rheumatoid factors (RF) 
and anti-citrullinated protein antibodies (ACPA) [48].  
Bone involvement in RA is characterized by both local and 
systemic bone loss. The first is represented by joint ero-
sions (the radiological hallmark of the disease) and juxta- 
articular osteoporosis; the latter is exemplified by systemic 
osteoporosis [48]. Bone erosions occur early in RA patients 
and are predictive of a more severe course of disease with 
increased disability and mortality [48, 49]. The patho-
genesis of bone loss in RA is multifactorial and involve  
glucocorticoid treatment, reduced mobility, sex hormone 
deficiency, disease activity and inflammatory status [50]. 
Indeed, both local and systemic bone complications are 
due to the loss of balance between osteoblast and osteo-
clast activity and the chronic inflammatory state typical  
of the disease expressed by pro-inflammatory cytokines 
TNFα, IL-1β, and IL-6, upregulates the RANK/RANKL 
pathway, leading to increased osteoclast activity, prolonged 
osteoclast lifespan, and bone resorption. The enhanced bone 
resorption is accompanied by impaired bone formation on 
account of the upregulation of WNT signaling inhibitors  
preventing osteoblast differentiation, such as Dickkopf-
related protein 1 (Dkk-1), frizzled-related protein-1  
and sclerostin. Indeed, Dkk-1 is upregulated in the synovial 
tissue by pro-inflammatory cytokines like TNFα and is asso-
ciated with radiographic progression in early RA patients 
[48, 51]. In this regard, adipokines can be considered 
another factor coupling inflammation and bone loss in RA.

Many studies confirmed that adipokine secretion is 
altered in RA patients and presents a relationship with 
inflammatory status [3, 52, 53].

Although the well-known protective anti-inflammatory 
effect of adiponectin in the pathogenesis of obesity, dia-
betes mellitus, and atherosclerosis, several studies suggest 
that this adipokine plays a pro-inflammatory role in the 
pathogenesis of RA [3]. RA patients have higher serum and 
synovial levels of adiponectin than non-RA controls [4, 12, 
21, 54]. However, the serum adiponectin levels did not cor-
relate with RA disease activity based on Disease Activity 
Score of 28 joints (DAS28) and CRP levels [17, 55]. This 
discrepancy may be explained by the action of adiponectin 
on distinct cells and by the analysis of specific isoforms. In 
particular, the HMW isoform and the gAd serum levels were 
found higher in RA patients than in healthy subjects [12]. 
HMW adiponectin enhances the release of pro-inflammatory 
cytokines IL-6 and IL-8 in RA synovial fibroblasts [12, 56]; 
moreover, the secretion of inflammatory factors TGFβ, IL-6, 
IL-1Ra, PGE2, IL-8, and vascular endothelial growth fac-
tor (VEGF) by adipose mesenchymal stem cells derived 
from infrapatellar fat pad of RA patients was considerably 
increased by HMW adiponectin [57]. Moreover, adiponectin 
is involved in another hallmark of RA, neovascularization. 
Interestingly, adiponectin induces the expression of VEGF 
in cultured synovial fibroblasts isolated from RA patients 
and in osteoblasts [58]. Furthermore, authors investigated 
also the effect of adiponectin on endocan, an endothelial 
dysfunction biochemical marker also known as endothe-
lial cell-specific molecule-1 (ESM-1), secreted by vascular 
endothelial cells and involved in cell proliferation, migra-
tion, and neovascularization [59, 60]. Endocan levels were 
increased in RA synovial tissues and adiponectin has been 
shown to stimulate its expression in RA synovial fibroblasts. 
Therefore, authors hypothesized that adiponectin-induced 
endocan expression in RA synovial cells may be involved 
in cell migration and invasion, together with angiogenesis 
in the pannus of arthritic joints [60]. Given these evidences, 
adiponectin seems to play a crucial role in the angiogenesis 
of RA.

Several studies investigated the relationship between adi-
ponectin and bone alterations occurring in RA (Fig. 2).

Adiponectin was found to stimulate the expression of 
MMP in RA patients [58]. Matrix metalloproteinases are 
enzymes able of degrading all components of extracellular 
matrix; in particular, MMP-1, MMP-3, MMP-9, and MMP-
13 expression is upregulated in RA synovial fibroblasts and 
plays a critical role in the pathogenesis of structural joint 
alterations in RA [61]. It has been shown that adiponec-
tin is able to increase the secretion of MMP-1 and MMP-
13 in osteoblasts [58] and adiponectin stimulation led to 
decreased mineralization and increased resorptive activity of 
osteoclasts [62]. Moreover, immunohistochemistry studies 
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performed on RA bone tissue showed that adiponectin is 
expressed in osteoblasts and osteoclasts [62]. In a study 
conducted on a mice model of collagen-induced arthritis, 
adiponectin injection led to an earlier onset of arthritis, an 
accelerated joint damage progression, more severe synovial 
hyperplasia, bone erosion, and osteoporosis, compared to 
controls. In particular, this result was due to adiponectin-
dependent enhancing of Th17 cell response and upregulation 
of RANKL/OPG ratio [63]. Qian et al. suggested that adi-
ponectin mediates bone erosion in RA patients by enhanc-
ing the production of osteopontin, an important protein for 
osteoclast differentiation and activation. The authors found 
a positive association between adiponectin expression and 
osteopontin serum levels in RA patients; moreover, oste-
opontin expression was significantly increased in a dose-
dependent manner in RA synovial fibroblasts in response to 
various dosages of adiponectin. The upregulation of osteo-
pontin led to enhanced osteoclast precursor migration and 
osteoclastogenesis, thus contributing to bone resorption and 
subsequent joint destruction [64].

Recent clinical studies have suggested that adiponectin 
levels might correlate with the radiographic progression 
of RA; therefore, it may be involved in the development 
of bone erosions typical of RA. Different cross-sectional 
studies showed a positive association between adiponec-
tin levels in RA patients and joint damage, in terms of 
erosions and joint space narrowing [65]. Giles et al. [66] 
conducted a prospective study evaluating the association 
of serum adipokine levels with progression of radiographic 
joint damage in RA patients, assessed by the van der  
Heijde modification of the Sharp method (SHS) [67]. The 
authors observed a positive association between adiponec-
tin levels and yearly rate of SHS progression; notably, 
this associations remained significant also after adjusting 
for pertinent confounders. A cohort study conducted by 
Klein-Wieringa et al. [65] showed that baseline levels of 

adiponectin could predict the radiographic progression 
over a period of 4 years in patients with early RA; interest-
ingly, this positive correlation was independent of ACPA 
that are associated with erosive disease. Meyer et al. [68] 
also suggested that adiponectin could be used as a pre-
dictor of radiographic progression and disease activity 
in early RA as their cohort study showed an association 
between serum adiponectin level and both erosive and nar-
rowing sub-scores of radiographic disease progression. In 
conclusion, serum adiponectin levels in RA patients could 
be a good biomarker to evaluate the early stages of radio-
graphic disease progression.

Similarly, leptin is involved in the pathophysiology of 
different rheumatic diseases, including RA. In several stud-
ies, leptin concentrations are higher in RA patients than in 
controls [3, 69]; further, DAS28 and CRP levels, expressing 
disease activity, are positively correlated with leptin levels 
[69, 70]. Meta-analysis confirmed these reports [70], show-
ing higher serum leptin levels in RA patients with high dis-
ease activity [55]. Additionally, a correlation between ratio 
serum/synovial fluid leptin level and RA disease duration 
and activity parameters has been described [20].

Studies conducted on animal models of RA support the 
hypothesis of leptin involvement in the pathogenesis of RA. 
Compared with control mice, leptin-deficient mice presented 
a less severe antigen-induced arthritis, reduced levels of 
IL-1β and TNF in knee synovium and an impaired antigen-
specific T cell proliferative response with lower IFN-γ and 
higher IL-10 production, which indicates a shift toward 
Th2 cell response [1]. Accordingly, in a preclinical model 
of collagen-induced arthritis in mice, articular injection of 
leptin exacerbated the severity of arthritis, through increased 
Th17 response [1].

Furthermore, in human and murine chondrocytes, leptin 
also increases vascular cell adhesion molecule 1 (VCAM-1) 
expression, a cell adhesion molecule, involved in leukocyte 

Fig. 2   Effect of adipokines on bone cells leading to enhanced bone erosions in RA
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recruitment and extravasation from circulating blood to 
inflamed joints during RA [54].

Taken together, these data strongly suggest that leptin 
may play a key pro-inflammatory role in RA.

The relationship between leptin and radiographic dam-
age in RA patients is controversial. It has been reported that 
synovial fluid leptin levels were significantly lower than in 
paired plasma in patients with non-erosive RA, but not in 
patients with erosive RA; this observation  led to hypoth-
esize that local reduction of leptin in the joint cavity could 
have a protective effect against erosions [71]. Accordingly, 
Olama et al. [69] found that serum leptin and the leptin syno-
vial/serum ratio were higher in RA patients with erosive 
disease compared to patient without erosions. The presumed 
protective role of leptin against bone destruction might be 
due to leptin-induced IL-1 receptor antagonist expression 
and chondrocyte proliferation [69].

Conversely, leptin is known to increase Th17 proliferation 
[18], a Tcell subset, with a potential osteoclastogenic effect 
in the arthritic joint [72]. Th17 cells express RANKL and 
TNF, thus directly inducing osteoclastogenesis [72]. Moreo-
ver, IL-17, produced by Th17 cells, stimulates fibroblasts 
and osteoblasts to produce RANKL, therefore inducing 
osteoclast development [73]. Additionally, IL-17 promotes 
the inflammatory joint status by increasing the production 
of other several pro-inflammatory citokines, such as TNFα, 
IL-6, and IL-1, thus further inducing the inflammation medi-
ated bone loss [74]. In this regard, RA patients are charac-
terized by higher levels of peripheral Th17 frequencies and 
Th17-related cytokines, but also by higher levels of Th17 
and IL-17 in synovial fluid compared to non-RA synovial 
fluid. Furthermore, Th17 levels correlated with disease 
activity in different studies [74], thus linking this Tcell sub-
set, and therefore indirectly leptin, with RA prognosis and 
joint destruction.

However, other studies failed to demonstrate a correlation 
between leptin and bone erosions in RA [71]. The conflict-
ing results could be explained by different study design and 
parameters used for adjustment; therefore, further research 
is needed in order to fully understand the contribution of 
leptin to RA pathogenesis.

The role of resistin in the pathogenesis of RA has been 
investigated in several studies. Resistin can be found in 
blood plasma or serum, synovial fluid, and synovial tissue 
of RA patients; moreover, it is expressed by synovial fibro-
blasts and infiltrating immune cells in joints affected by RA 
[4]. Higher synovial resistin levels correlate with RA disease 
activity, IL-6, and joint damage. Concerning serum resistin 
levels, most studies failed to find a difference between RA 
patients and controls, although there is evidence that they 
positively correlate with DAS28 and inflammatory mark-
ers, such as CRP or TNFα [3, 4, 75, 76]. Conversely, other 
authors have reported no association between circulating 

resistin levels and the aforementioned markers [3, 4, 75]. 
Despite these conflicting results, data collected from animal 
studies strongly suggest the hypothesis of a resistin involve-
ment in RA pathogenesis. In fact, intra-articular resistin 
injection in healthy mice knee induced leukocyte infiltration 
and hyperplasia of the synovia, leading to a joint inflamma-
tion similar to human arthritis, and increased the expression 
of several pro-inflammatory cytokines [77]. Moreover, resis-
tin has been considered a key player in RA angiogenesis, 
through the upregulation of VEGF expression and endothe-
lial progenitor cell infiltration in a collagen-induced arthritis 
mice model [78]. Additionally, the authors observed greater 
bone erosion in this animal model. The pro-inflammatory 
action of resistin in RA patients was observed in most stud-
ies, suggesting that this adipokine could be a good marker 
to assess disease progression [3]. It has also been suggested 
that resistin could be considered as a prognostic marker 
in RA as it can predict radiographic progression of joint 
damage. In fact, resistin serum levels have been found to 
significantly correlate to Larsen score and therefore joint 
destruction [76].

Since its known role as a pro-inflammatory adipokine, 
several studies focused on the role of visfatin in rheumatic 
diseases. Circulating levels of visfatin were found to be 
higher in RA patients than in healthy controls, and visfatin 
levels positively correlated with CRP and RA disease activ-
ity assessed with DAS28 [3]. Moreover, both animal and 
clinical studies provided evidence of a role played by this 
adipokine in the pathogenesis of RA-associated bone loss. 
In a study conducted by Li et al. [79] on a murine collagen-
induced arthritis model, visfatin-deficient mice presented 
reduced inflammatory bone destruction and disease progres-
sion; further, the authors observed that visfatin expression 
was required for osteoclastogenesis. These results are sup-
ported by previous findings by Busso et al. [80]. Visfatin was 
also connected to bone erosions in clinical studies. Mirfeizi 
et al. found [81] that visfatin serum levels were significantly 
higher in patients with radiographic joint damage depend-
ently to disease duration. In a previous study, visfatin levels 
in RA patients were associated with radiographic progres-
sion, but the authors speculated that this association could 
be in fact mediated by ACPA, since visfatin levels also cor-
related with ACPA levels [65].

Similarly, chemerin and vaspin could be involved in 
RA pathogenesis. Indeed, chemerin and its receptor are 
expressed by chondrocytes and synovial fibroblasts from RA 
and OA patients and this adipokine induced the expression 
of pro-inflammatory cytokines and MMPs in these cells [4]. 
Moreover, chemerin plasma levels correlated with disease 
activity in RA patients [82].

Likewise, synovial fluid vaspin levels were found higher 
in RA patients compared to OA patients and showed a ten-
dency to correlate with disease activity assessed by DAS28 
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[83]. Moreover, serum vaspin concentration was associated 
with the development of clinically manifest arthritis after 
follow-up [84].

Adipokines and SpA

The growing evidence indicating a role of adipokines in 
osteogenesis and bone metabolism has encouraged research-
ers to investigate the function of these factors in regard to 
SpA. Differently from RA bone involvement, SpA is distin-
guished by the co-existence of both destructive and produc-
tive bone lesions, due to alteration of bone remodeling in 
the affected joints [85]. Among the SpA family, the major-
ity of studies evaluating the relationship with adipokines 
focused on ankylosing spondylitis (AS). AS is a chronic 
inflammatory disease that primarily affects the axial skel-
eton, i.e. spine and sacroiliac joint. Pathologically, AS is 
characterized by a three-stage process, resulting in a para-
doxical coexistence of bone destruction and formation. The 
first stage is the inflammation driven mainly by TNFα, which 
causes erosions in cartilage and bone; these lesions are then 
filled in by fibrous tissue, which is later ossified in the last 
stage leading to abnormal bone outgrowth. New bone forma-
tion is actually a hallmark of the disease and is represented 
by syndesmophytes, bone bridges between the vertebral bod-
ies and subsequent complete ankylosis of the spine [51, 86]. 
Undoubtedly, these productive bone lesions typical of AS 
deeply impact quality of life in the long-term, since they 
irreversibly constrain mobility of the spine [87].

Psoriatic arthritis (PsA) belongs to the SpA and is typi-
cally associated with psoriasis of the skin or nails. The dual 
bone involvement characteristic of PsA consists of bone ero-
sions and new bone formation, typically at the edges of the 
cartilage joint at the insertion of the enthesis. Several evi-
dences suggest that the osteo-proliferative processes preva-
lently occur by endochondral ossification and that several 
systemic factors, including adipokines, as well as local fac-
tors, angiogenesis and mechanical stress are involved [88].

Many studies found no statistical differences in serum 
adiponectin levels between AS patients and healthy control 
group [86, 87, 89, 90]. Further, several studies evaluating 
the radiographic changes using the modified Stoke Ankylos-
ing Spondylitis Spine Score (mSASSS) [86, 87, 91] and the 
syndesmophyte formation/progression score [87] showed no 
correlation between circulating adiponectin and radiographic 
progression of disease and syndesmophyte formation [86, 
87]. Conversely, Derdemezis et al. [92] found that serum 
adiponectin levels were significantly higher in AS patients 
compared with controls. These conflicting results may be 
explained by different measurement methods, but also by 
further evidences suggesting that factors like age and sex 
could influence serum adiponectin levels in AS patients.  

Yang et al. [89] observed that in the subgroup of patients 
aged over 40 years, serum adiponectin levels were higher 
than in controls. Further, Hartl et al. [93] found higher HMW  
adiponectin levels in female patients with AS compared to 
male patients. This result is consistent with data on gender-
dependent differences in adipokine levels in the general 
population and with previous studies on AS patients [87], 
and it is ascribed to the inhibitory effect of androgens [87]. 
Interestingly, the authors observed also that serum HMW 
adiponectin levels were inversely associated with radio-
graphic spinal progression (defined as mSASSS worsening 
by ≥ 2 points after 2 years, and/or syndesmophyte forma-
tion/progression after 2 years) in AS patients. The gender-
dependent differences in adiponectin levels gain further 
importance since female patients in the study by Hartl et al. 
also had significantly lower mSASSS than men [93], once 
again accordingly to previous literature [94, 95]. The authors 
consequently speculated that HMW adiponectin might be a 
biomarker linking gender with radiographic spinal progres-
sion in AS patients and that adiponectin might play a natural 
protective role against radiographic spinal progression in 
the disease, explaining the generally slower axial new bone 
formation in female patients.

Adiponectin seems to have a role in PsA pathogenesis 
also. Xue et al. [96] found significantly lower levels of adi-
ponectin in PsA patients compared to healthy and psoriasis 
controls. Moreover, the authors observed a negative cor-
relation between adiponectin and peripheral blood osteo-
clast precursors in PsA patients. These findings support the 
evidence of adiponectin inhibition of osteoclast formation, 
in particular in the early stages of TNF/RANKL-induced 
osteoclastogenesis [10].

Studies on leptin role in patients with AS led to con-
flicting results. Higher levels of leptin in AS compared to 
healthy subjects and a correlation of leptin levels with dis-
ease activity, CRP and IL-6 levels in male patients have been 
described [26]. Different studies showed a significant corre-
lation between leptin levels and Bath Ankylosing Spondyli-
tis Metrology Index (BASMI) [97]. In contrast, other studies 
found lower leptin levels in AS patients than healthy controls 
[26, 98]. At the same time, no differences were found in 
leptin levels between AS patients and controls nor in AS 
patients during anti-TNFα therapy by Derdemesiz et al. [92]. 
A possible explanation for these ambiguous results could 
be found in the local action of leptin at inflammatory sites 
in AS (sacroiliac joints and spine, entheseal structures); in 
other words, leptin could exert its action in AS locally rather 
than systemically. In this regard, several studies found an 
interesting relation between leptin and syndesmophytes, a 
hallmark of this disease. Kim et al. [99] found that serum 
leptin levels were higher in male AS patients with syn-
desmophytes compared to those without, and correlated 
with bone specific alkaline phosphatase, a bone formation 
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marker, suggesting a potential role of leptin in new bone 
formation in AS. Similar results were found by Gonzalez-
Lopez et al. [90]. Moreover, in a study by Park et al. [86], 
leptin levels increased in AS patients in 2-year follow-up and 
this increase was associated with radiographic progression, 
assessed as mSASSS worsening by ≥ 2 points after 2 years. 
The authors speculated that the connection between leptin 
and new bone formation in AS might be found in the so-
called fatty Romanus lesion, the focal fat infiltration visible 
on magnetic resonance imaging of the spine in AS patients, 
since it has been demonstrated that it is followed by new 
syndesmophyte formation after 2 years [99]. Thus, consider-
ing leptin involvement in bone metabolism described above, 
it has been suggested that leptin may upregulate osteoblast 
proliferation acting via a paracrine mechanism in the focal 
fat lesions in the spine, therefore contributing to new bone 
formation and radiographic progression in AS [86].

In addition to the aforementioned role of adiponectin in 
PsA, Xue et al. [96] found increased leptin and omentin lev-
els in PsA patients compared with healthy controls; further, 
leptin and omentin were positively correlated with osteoclast 
precursor number. Moreover, leptin positively correlated 
also with PsA disease activity index. The authors hypoth-
esized that the chronic inflammation status typical of the 
disease and leptin production might mutually enhance each 
other, leading to increased bone remodeling. Conversely, 
chemerin levels were significantly lower in PsA patients 
compared to healthy controls. Also, vaspin systemic levels 
were found higher in PsA patients compared to healthy con-
trols, even though there was no significant correlation with 
disease activity, measured using the disease activity in PsA 
(DAPSA), Bath Ankylosing Spondylitis Disease Activity 
Index (BASDAI), Bath Ankylosing Spondylitis Functional 
Index (BASFI), Visual Analogue Scale (VAS), and Minimal 
Disease Activity (MDA) [100].

In AS patients, higher resistin serum levels compared to 
healthy controls have been reported [87]. Moreover, resistin 
serum levels correlated with CRP levels but not with radio-
graphic progression assessed by mSASSS worsening of ≥ 2 
units in 2 years and syndesmophyte formation/progression. 
Alongside leptin, Park et al. [86] investigated the associa-
tion between resistin and AS: they found significantly higher 
baseline serum resistin levels in AS patients than in healthy 
subjects, and they observed a significant increase in resistin 
levels associated with radiographic progression. Therefore, 
the authors speculated that baseline resistin levels may be 
predictive of new bone formation in AS patients and that 
both leptin and resistin may be used as biomarkers of clini-
cal outcome of AS.

Visfatin serum levels have been suggested as an inflam-
mation-independent predictor of radiographic progression 
in AS patients. Indeed, in a study conducted by Syrbe et al. 
[87], they were higher in AS patients compared to healthy 

controls and in AS patients with subsequent radiographic 
spinal progression assessed by syndesmophyte formation/
progression, compared to those without; visfatin levels, 
however, did not correlate with acute-phase reactant levels.

Adipokines and OA

OA is a multifactorial chronic disease considered one of 
the main causes of disability, in which mechanical, genetic, 
biochemical, and metabolic factors are involved. The hall-
mark of the disease are joint cartilage degradation and typi-
cal changes of adjacent subchondral bone with consequent 
osteophyte formation and subchondral bone sclerosis [101]. 
OA-affected joints could also present synovial inflamma-
tion, with synovial fibroblast and macrophage proliferation, 
alongside immune cell infiltration and consequent produc-
tion of pro-inflammatory cytokines [4]. Adipokine role in 
OA has been deeply investigated in recent years.

Adiponectin serum levels are higher in OA patients than 
in healthy controls [102]. In addition, leptin serum and syno-
vial fluid levels were found to be increased in OA patients 
and associated with pain and disease severity [103]. This 
adipokine could actually be involved in both OA inflamma-
tion and bone complications since it increases the expression 
of pro-inflammatory cytokines, such as IL-1, and MMPs 
in OA chondrocytes and animal models [4]. Accordingly, 
leptin has been found to enhance the production of IL-6 and 
IL-8 in T cells from OA patients [104]; these results sup-
ported the findings of a previous study conducted on leptin-
deficient mice in which no increase in knee OA incidence 
compared to controls was observed [105]. Leptin has also 
been suggested to play a role in OA subchondral bone com-
plications: its production was increased in OA osteoblasts 
compared to normal and was associated with higher levels 
of alkaline phosphatase, osteocalcin, collagen type I, and 
TGF-β [106, 107].

Growing body of evidence support the role of synovial 
fluid resistin in OA pathogenesis, reporting its involvement 
in pro-inflammatory response and cartilage catabolic activ-
ity. Resistin synovial fluid levels were indeed found higher 
in OA patients compared to healthy subjects [108] and were 
positively correlated with pro-inflammatory cytokines and 
MMPs expression in synovial fluid in OA-affected joints 
[109, 110]. Furthermore, resistin induced increased expres-
sion of pro-inflammatory cytokines and MMPs in human 
OA chondrocytes [111, 112].

Several studies described chemerin involvement in OA. 
This adipokine levels were found higher in synovial fluid 
of OA patients compared to controls and correlated with 
CRP serum levels and disease severity [113–115]. Accord-
ingly, in a rat OA model, stimulation with chemerin and 
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IL-1 combined administration lead to increased expression 
of MMPs, therefore aggravating the disease [116].

In addition, visfatin has been reported to increase 
expression of MMPs in OA chondrocytes [117] suggesting 
a catabolic function and therefore an important role in the 
pathophysiology of OA; in addition, its circulating levels 
were found increased in OA patients compared to healthy 
controls [118].

Lastly, serum vaspin levels were found lower in OA 
patients compared to healthy controls [119], while omentin 
synovial fluid levels in OA patients negatively correlated 
with symptomatic [120] and radiographic severity [121].

Adipokines and OP

OP is a multifactorial systemic bone disorder character-
ized by bone loss and micro-architectural deterioration of 
bone tissue, leading to increased fragility fracture risk, thus 
contributing to disability and mortality. The impaired bone 
mass is due to an imbalance in bone remodeling phases 
between osteoblastic bone formation and osteoclastic bone 
resorption processes, leading to increased bone loss. OP 
is most frequently observed in post-menopausal women 
and in the elderly population [8]. Postmenopausal osteo-
porosis is the most common type of osteoporosis and is 
mainly due to the menopause-related estrogen deficiency 
that promotes osteoclastogenesis and bone resorption 
[122]. Moreover, estrogen deficiency induces the low-
grade inflammatory state typical of aging which in itself 
promotes bone resorption [122]. Indeed, pro-inflammatory 
cytokines, such as IL-6 and TNFα, enhance osteoclastogen-
esis and inhibit bone formation [8, 122, 123]. The close 
relationship between bone tissue and bone marrow adipose 
tissue (MAT), which secretes various adipokines, has led 
researchers to raise the hypothesis of MAT involvement 
in the pathogenesis of OP. Actually, some studies show 
an inverse relationship between bone mass and MAT in 
postmenopausal women and in animal models [124–127]. 
The adipokines produced by MAT can influence bone loss 
directly and indirectly via their pro-inflammatory activ-
ity. In the bone marrow of patients affected by osteoporo-
sis, adiponectin and leptin levels were lower than in non-
osteoporotic subjects [128]; conversely, adiponectin serum 
levels were inversely correlated with bone density in other 
studies [10]. These conflicting results may be explained by 
the multiple activity mechanisms of adiponectin in bone: 
local paracrine effects of adiponectin secreted from bone 
marrow adipocytes, endocrine effects of the adiponectin 
secreted by white adipose tissue and released into the blood 
stream [10]. In conclusion, although the understanding of 
the relationship between MAT and bone metabolism is 
still at the beginning stage and therefore further studies 

are needed, it can be speculated that the crosstalk between 
inflammation and MAT expansion creates a vicious circle 
in which adipokines may represent the pathogenic corner-
stone, overall contributing to osteoporotic bone alterations.

Conclusions

Chronic rheumatic inflammatory diseases are characterized 
by important bone complications with severe ramifications 
on quality of life of these patients. In recent years, the impor-
tance of adipokines in the pathogenesis of rheumatic disease 
has been largely investigated; however, given the pleiotropic 
actions of these molecules and the complex pathophysiology 
of these diseases, their role is not fully understood yet. Fur-
ther efforts are required to exhaustively unveil the crosstalk 
between adipose tissue, bone and immune system and there-
fore provide new knowledge for future innovative therapies 
for rheumatic diseases.
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