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Abstract
Leptin, an adipokine responsible for body weight regulation, may be involved in pathological processes related to inflammation in joint disorders including rheumatoid arthritis, osteoarthritis, and psoriatic arthritis. These arthropathies have been associated with a wide range of systemic and inflammatory conditions including cardiovascular disease, obesity, and metabolic syndrome. As a potent mediator of immune responses, leptin has been found in some studies to play a role in these disorders. Furthermore, current potent biologic treatments effectively used in psoriatic arthritis including ustekinumab (an interleukin 12/23 blocker) and adalimumab (a tumor necrosis factor-alpha blocker also used in rheumatoid arthritis) have been found to increase leptin receptor expression in human macrophages. This literature review aims to further investigate the role leptin may play in the disease activity of these arthropathies.  
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Core tip: Leptin is an adipokine well known for its role in metabolism and body weight regulation. More recently, it has gained recognition as a potential contributor to the pathogenesis of inflammatory disorders. Numerous studies reveal elevated leptin levels in rheumatoid arthritis patients. Similarly, a link between severity of osteoarthritis and leptin levels has been suggested. At the same time, little research on the role of leptin in the pathogenesis of psoriatic arthritis has been conducted. Further investigation on these relationships could provide for better-targeted treatment of these rheumatic diseases and their systemic manifestations. 
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INTRODUCTION
Approximately one in five adults in the United States reports having the medical diagnosis of arthritis[1]. Arthritis and other rheumatic conditions (AORC) were found to cost equivalent to 1.2% of the 2003 United States gross domestic product, and this number is estimated to increase in the coming years[2]. While dozens of different types exist, three of the most common are rheumatoid arthritis (RA), osteoarthritis (OA), and psoriatic arthritis (PsA).
While the pathogenesis of each type of arthritis is unique, as a whole, AORC are associated with a number of comorbidities and chronic conditions including hypertension, physical inactivity, hyperlipidemia, obesity, and smoking[3]. Other inflammatory diseases including atherosclerosis and cardiovascular disease also occur at a higher rate[1]. In recent years, numerous studies have investigated such relationships. 
More specifically, leptin is an adipokine derived from adipose tissue that has recently been suggested to contribute to the pathogenesis of RA, OA, PsA and their systemic manifestations[4-6]. It is a 167-amino acid peptide with a four-helix bundle motif similar to that of a cytokine. Leptin receptors belong to the class I cytokine receptor family.
Although six isoforms of receptor have been identified, only two are known to be involved in intracellular signaling. Binding of leptin to its longest receptor isoform activates numerous intracellular signals following JAK2 activation, which have been associated with a wide variety of biological actions in different tissues[7]. The leptin receptor has been postulated to play a role in signal transducer and activator of transcription 3 (STAT3)-dependent T cell differentiation, by influencing the downstream pro-inflammatory milieu of IL-23, which includes interferon (IFN)-gamma, tumor necrosis factor (TNF)-alpha, and IL-17[8].
Numerous studies have also aimed to identify leptin’s potential role in the progression of these arthropathies (Figure 1). Most of these studies, however, focus on RA and OA, but not PsA. To date, these findings also seem conflict, and no clear conclusions have been reported. In this article, we aim to explore whether or not a link exists between leptin and RA, OA, or PsA disease activity.

LITERATURE STUDY
A review of literature was performed on Cochrane and PubMed databases using the keywords “leptin” and “arthritis.” Study inclusion criteria were (1) studies conducted between 01/01/1990 through 10/01/2015; (2) studies on human subjects with either RA, OA, or PsA; (3) studies available in English; (4) randomized controlled trials or clinical trials with total n ≥ 20 and P < 0.05; (5) studies reporting on leptin and disease activity; and (6) studies with original data. Studies that did not meet these criteria, including case reports, duplicate studies, studies with n < 20, and studies without significant or original data were excluded. Studies that meet criteria, but are not in English are described separately as they are evaluated based on the abstract in English. 

RESULTS AND DISCUSSION
A total of 34 publications met the criteria listed above. Of these, 24 studies pertained to RA, 9 to OA, and one to PsA. The studies were further categorized into whether the studies identified (1) no relationship between leptin and disease activity; (2) a positive correlation between leptin and disease activity; and (3) a negative correlation between leptin and disease activity. 

Leptin in RA
The largest number of studies pertained to the role of leptin in the disease activity of RA (n = 24). 50% of the studies suggested no association (n = 12), while 29% of the 24 studies suggested a positive correlation between leptin and RA disease activity (n = 7), and 21% of the studies suggested a negative correlation (n = 5). 
Numerous publications report no significant change in serum leptin levels in RA patients treated with common anti-rheumatic drugs including adalimumab and infliximab. A study on 32 Caucasian RA patients revealed that after 12 wk of anti-TNF treatment with adalimumab, typical measures of inflammation (swollen joints, tender joints, global assessment of pain, IL-6 serum levels) markedly decreased, while serum leptin levels did not[9]. This was also found to be true in another study after 16 weeks of adalimumab treatment[10]. A 2012 report investigating the effect of one year of treatment with the chimeric anti-TNF-alpha monoclonal antibody infliximab on plasma leptin concentration further revealed that while treatment with infliximab resulted in enhancement in leptin concentration, there was no significant correlation between disease activity and plasma leptin concentration[11]. 
Several studies have also reported no significant correlation between radiographic progression of RA and serum leptin levels[12-14]. In one study on 253 patients with RA from the Early Arthritis cohort, no association was found between serum leptin, visfatin, resistin, adipsin, IL-6, or TNF-alpha levels and RA disease progression after correcting for age, sex, treatment strategy, body mass index (BMI), and the presence of anti-cyclic citrullinated peptide (CCP) antibodies[13]. Interestingly, they all suggest that a link between serum adiponectin levels and radiographic progression of disease exists. Patients with high levels of adiponectin at baseline were also found to have significantly higher odds of radiographic progression when compared to those with high levels of leptin or resistin[15]. 
In an investigation of the association between circulating leptin and adiponectin levels and cardiovascular risk factors in patients with RA, it was suggested that leptin and adiponectin are markers of fat mass rather than independent metabolic risk factors for cardiovascular disease[16]. 
On the other hand, a larger number of studies point to the harmful role leptin may play in the pathogenesis of RA or its systemic manifestations. A 2003 report examining 76 RA subjects revealed that RA patients had significantly higher leptin production when compared to 34 healthy controls[17]. At the same time, they were found to have significantly lower synovial fluid leptin levels, perhaps suggesting in situ consumption of this molecule in the progression of RA[17].
Interestingly, Harle et al[18] showed that patients with RA exhibited a negative correlation between serum leptin and androstenedione levels, suggesting a link between chronic inflammation and a hypoandrogenic state. 
In 2006, a comparative analysis of 31 RA patients and 18 controls revealed that  patients with RA had considerably higher plasma levels of leptin, adiponectin, and visfatin, when compared to healthy controls[19]. Another study added that leptin levels were linked to higher fat mass in RA patients[20]. A 2011 study revealed that higher serum leptin levels found in RA were positively associated not only with BMI, but also with c-reactive protein (CRP) levels (an inflammatory biomarker for RA)[21]. Most recently, Xibille-Friedmann et al[22] found that higher leptin levels at baseline predicted higher disease activity severity (DAS) at six months.These studies identify a possible role leptin may play in the body composition and disease severity in RA patients.
More specifically, a South Korean study of 242 RA subjects found that persistent LDL cholesterolemia in synergy with serum leptin contributed to radiographic progression of RA in patients over the course of two years[23]. RA patients with hypertension were also found to have increased levels of leptin and homocysteine, after adjustment for age, sex, race, smoking, BMI, and corticosteroid and nonsteroidal anti-inflammatory drugs (NSAID) use[24]. 
Furthermore, the multi-biomarker disease activity (MBDA) score is a recently developed tool used to assess disease activity and response to treatment in RA patients in numerous studies. The MBDA score is calculated using the concentrations of twelve biomarkers, one of which is leptin. The relationship between MBDA score was found to significantly correlate with disease activity, radiographic disease progression, and remission rate in 37 patients with RA, including 31 women and 6 men[25]. 
At the same time, other studies identify a potentially protective role of leptin in the progression of RA and its associated systemic diseases. In 2005, an evaluation of 31 patients with active RA in The Netherlands demonstrated that baseline plasma leptin levels inversely correlated with the degree of inflammation as determined by CRP and IL-6 levels[26]. Anti-TNF treatment with adalimumab did not change plasma leptin concentration in this study or in a later study[27]. 
In 2010, Rho’s group obtained coronary calcium scores on 169 patients with RA and found that in leptin concentrations were significantly associated with a decreased risk of coronary calcification related to insulin resistance[28]. That same year, a sub-study of the Swefot (Swedish Pharmacotherapy) study reported that markers of bone resorption were significantly decreased in patients randomized to both anti-TNF and sulphasalazine/hydroxychloroquine treatment groups at one year, and leptin concentrations significantly increased at two years. Anti-TNF agents were interestingly found to cause a significant increase in fat mass at two years, when compared to the other treatment group (3.8 kg vs 0.4 kg) despite reduction in disease activity[29]. 
In terms of radiographic findings, a 2009 publication by Rho et al[30] evaluated 167 RA patients and 91 control subjects and suggested that leptin concentrations were negatively correlated with radiographic joint damage. It is important to note, however, that the significance of this finding disappeared after adjustment for BMI. More recently, a 2013 study found that RA patients with poor radiographic outcomes had significantly higher baseline CRP levels and significantly lower baseline leptin levels[31].
In addition to those published in English, two human RA studies not in English are noted. A prospective, cross sectional study of 52 RA patients from Poland showed lower serum leptin in RA patients than in controls and no relationship between serum leptin and BMI or CRP and no influence of gender or treatment[32]. A study of 49 RA patients from Japan found leptin level correlated to BMI in both RA and healthy subjects, no difference in leptin level between RA and healthy subjects and no correlation of leptin to CRP or RA stage[33].

Leptin in OA
A total of 9 studies on patients with OA met the criteria for inclusion in this paper. Of these, one-third suggested no role for leptin in disease activity.  56% of studies identified a positive correlation between leptin levels and disease activity, while only 11% supported a negative correlation.
In a cross-sectional study of patients with hip OA, it was found that serum leptin levels did not correlate with the severity of osteophytes[34]. Another study further suggested that no correlation exists between synovial fluid inflammation and serum leptin levels in 172 patients with severe knee OA[35].  Finally, when a sample of 2477 subjects with OA in the Third National Health and Nutrition Examination Survey (NHANES III) were investigated, it was found that once again, no significant association between serum leptin and OA status existed[36].
Numerous studies have also reported a potentially harmful role for leptin in the pathogenesis of OA and its systemic manifestations. In 2012, Massengale’s group investigated the relationship between adipokine concentrations and hand x-rays in patients with arthritis, and revealed that leptin, BMI, and a history of coronary artery disease were linked with higher rates of chronic hand pain[37]. 
In 2013, participants in the Michigan Study of Women’s Health Across the Nation underwent bilateral knee radiographs that were associated with leptin levels at baseline and followed up over the course of ten years. Women with OA were found to have significantly higher serum leptin levels compared to those who did not have knee OA at baseline and at the ten-year follow up[38]. In another study, synovial fluid collected from 18 patients with end-stage knee OA and 16 control donors was analyzed for 47 cytokines, chemokines, and growth factors and revealed that leptin, IL-12, macrophage-inflammatory protein (MIP-1B), and soluble CD40 levels were higher in patients with OA[39]. A cross sectional study of patients with end stage OA of the hip (n = 123) and knee (n = 96) confirmed an association between joint pain and synovial fluid leptin concentration[40].
Furthermore, when total RNA from knee lateral tibial and medial tibial plateaus was isolated in a 2013 study, immunohistochemical staining showed that protein expression of leptin was strong in osteoarthritic lateral tibial regions where significant degeneration was found[41]. 
On the other hand, a study examining the relationship between adipokines and biomarkers of bone and cartilage metabolism revealed that baseline leptin was significantly associated with increased levels of bone formation biomarkers including osteocalcin and PINP (amino peptide from type I procollagen) over two years. However, it is important to note that soluble leptin receptor (sOB-Rb) was linked to a significant reduction in the cartilage biosynthesis marker PIIANP (amino peptide from type IIA procollagen), increased cartilage defects score, and increase loss of volume over the course of two years[42].

Leptin in PsA: Open to exploration 
There has been limited research regarding the role of leptin in the pathogenesis of psoriatic arthritis. In 2012, one study revealed that patients with psoriatic arthritis had higher osteoclast numbers, which were positively associated with increased serum levels of TNF-alpha, RANKL, and leptin. These 41 patients were found to have increased erosion, joint-space narrowing, osteolysis, and new bone formation. The opposite relationship was seen with adiponectin, as levels were decreased in psoriatic arthritis patients[43]. 
Several recent studies have investigated the roles of commonly used anti-psoriatic drugs on leptin level. In one study, patients who received six months of treatment with the biologic anti-TNF agent adalimumab were not found to have any significant changes in their serum leptin levels when compared to baseline. In a different study, patients treated with TNF-alpha inhibitors for the same amount of time were actually shown to have lower leptin levels after treatment. These findings are in contrast to a study done by our group, which compares the impact of adalimumab and ustekinumab (an IL-12/23 inhibitor) on leptin and leptin receptor expression in THP-1 human macrophages[44]. In our hands, both drugs up-regulated expression of leptin in THP-1 macrophages. Ustekinumab was also found to enhance the expression of leptin-receptor in a dose dependent manner. Our work is macrophage-specific and does not reflect other cell types that may contribute to serum leptin levels.
Obesity is common in patients with psoriasis or PsA and so are obesity-related complications[45]. Anti-TNF therapy may aggravate this problem by causing further weight gain[46]. Excess leptin produced by macrophages in PsA patients given biologic medications may contribute to obesity-related inflammation. This controversy is ongoing and needs resolution so that PsA can be treated optimally.
Further studies identifying the mechanism of action of leptin as well as the pathway through which ustekinumab and anti-TNF agents alter expression of leptin and its receptor could lead to new preventive measures to avoid systemic disease manifestations and ultimately decrease morbidity and mortality.

CONCLUSION
Leptin, an adipokine derived from adipose tissue, has a well-established role of maintaining metabolic homeostasis and regulating body weight. Recently, its role in the progression of inflammatory and rheumatic diseases has been an area of active research. The present paper highlights that although numerous studies have investigated its role in RA and OA, results are conflicting. In total, nearly 80% of the studies suggest either no role or a potentially harmful role for leptin in the pathogenesis of RA, OA, or PsA. The underlying reason for discrepancies among the studies is unclear, but may be related to small sample size, unknown metabolic factors such as diabetes or thyroid disorder, circadian rhythm effects, leptin receptor levels or differences in genetic background or leptin sensitivity of various populations or other factors not considered. Clearly, these suggestions are speculative and resolution requires large-scale prospective studies.
It is important to note the lack of research published on leptin’s role in the pathogenesis of PsA. While RA, OA, and PsA share common symptomologies and features, they are pathologically distinct. Rheumatoid arthritis is characterized by an auto-immune increase in osteoclast formation and joint derangement. Osteoarthritis is a degenerative joint disease with focal and progressive loss of hyaline cartilage of the joints, osteophytes, and bony sclerosis. In psoriatic arthritis, auto-immune skin and poly-arthritic joint disease are seen. 
All three of these diseases are associated with inflammatory mediators and systemic manifestations including metabolic syndrome, diabetes, and atherosclerosis. At the same time, it is uncertain whether leptin functions in a similar or different manner in these pathologies. In other words, leptin’s role in RA or OA cannot be directly transferrable to its role in PsA. 
The major biologic treatments for PsA include the TNF-alpha inhibitors and the interleukin-12/23 inhibitor ustekinumab[47]. Future research on whether leptin participates in the pathogenesis of PsA could allow for better understanding of the impact of these treatments on leptin and the creation of more effective treatments that could specifically address the adipokine. 
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Figure 1 Schematic representation of possible role of leptin in the pathogenesis of psoriatic, rheumatoid and osteo-arthritis. Leptin levels regulate release of pro-inflammatory cytokines: IL-1, IL-6, IFN-γ, TNF-α, and IL-23/IL-17, very well-known pro-inflammatory mediators affecting joint cartilage, chondrocyte loss and apoptosis. RA: Rheumatoid arthritis; OA: Osteoarthritis; PsA: Psoriatic arthritis; TNF-α: Tumor necrosis factor-α; IL: Interleukin; IFN: Interferon.



Table 1 Summary of findings
	RA
	OA
	PsA 

	Ref. 
	Negative correlation (n1)
	Positive Correlation (n1)
	No Correlation (n1)
	Ref.
	Negative Correlation (n1)
	Positive Correlation (n1)
	No Correlation (n1)
	Ref.
	Negative Correlation (n1)
	Positive Correlation (n1)
	No Correlation (n1)

	25
	37
	-
	-
	42
	117
	-
	-
	43
	-
	41
	-

	26
	31
	-
	-
	34
	-
	193
	-
	-
	-
	-
	-

	29
	40
	-
	
	38
	-
	543
	-
	-
	-
	-
	-

	30
	167
	-
	-
	29
	
	18
	-
	-
	-
	-
	-

	31
	515
	-
	-
	40
	-
	20
	-
	-
	-
	-
	-

	17
	-
	76
	
	41
	-
	219
	-
	-
	-
	-
	-

	18
	-
	30
	-
	35
	-
	-
	172
	-
	-
	-
	-

	19
	-
	31
	-
	36
	-
	-
	2477
	-
	-
	-
	-

	21
	-
	141
	
	37
	-
	-
	44
	-
	-
	-
	-

	22
	-
	127
	-
	-
	-
	-
	-
	-
	-
	-
	-

	23
	-
	242
	-
	-
	-
	-
	-
	-
	-
	-
	-

	28
	-
	169
	-
	-
	-
	-
	-
	-
	-
	-
	-

	9
	-
	-
	32
	-
	-
	-
	-
	-
	-
	-
	-

	10
	-
	-
	33
	-
	-
	-
	-
	-
	-
	-
	-

	11
	-
	-
	16
	-
	-
	-
	-
	-
	-
	-
	-

	12
	-
	-
	197
	-
	-
	-
	-
	-
	-
	-
	-

	13
	-
	-
	253
	-
	-
	-
	-
	-
	-
	-
	-

	14
	-
	-
	152
	-
	-
	-
	-
	-
	-
	-
	-

	15
	-
	-
	119
	-
	-
	-
	-
	-
	-
	-
	-

	16
	-
	-
	791
	-
	-
	-
	-
	-
	-
	-
	-

	20
	-
	-
	38
	-
	-
	-
	-
	-
	-
	-
	-

	27
	-
	-
	58
	-
	-
	-
	-
	-
	-
	-
	-

	32
	-
	-
	52
	-
	-
	-
	-
	-
	-
	-
	-

	33
	-
	-
	12
	-
	-
	-
	-
	
	-
	-
	-

	24
	5
	7
	12
	9
	1
	5
	3
	1
	　-
	1
	　-


1Number of subjects in treatment group. Relationship between leptin and disease activity of RA, OA, and PsA. RA: Rheumatoid arthritis; OA: Osteoarthritis; PsA: Psoriatic arthritis.
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