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Abstract
The future of rheumatology is predicated upon a return 
to basics. The advent and facile availability of laboratory 
testing led to reduction of emphasis on clinical skills. 
Recognition that immunologic abnormalities are not 
limited to individuals who clearly have related pathology 

provides new motivation for reorientation of training 
programs to assure that graduates have appropriate 
information gathering, diagnostic and procedural skills. 
Inadequate accessibility to rheumatologic care requires 
innovative approaches and especially training and 
educating those individuals who provide primary care. 
While the rheumatologist can elicit the patient’s history 
remotely, telerheumatology will be feasible only when 
the individual interacting physically with the patient 
has confidence in their examination skills and when 
those skills have been validated. Named syndromes 
or diseases will be modified to avoid impugning the 
individual or compromising their future access to health, 
disability and life insurance. Interventions will be pur
sued in a more cost-effective, evidence-based manner. 
The future of rheumatology is dependent upon the 
rheumatologist’s ability to amortize the inadequate 
reimbursement for direct patient interaction, depending 
on skills of interpretation of standard X-rays, ultrasound 
performance and results.

Key words: Laboratory test; Immunology; Procedure; 
Telerheumatology; Nomenclature; Radiology; Ultrasound

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Rheumatology started as a clinical practice, 
dependent on skills of eliciting pertinent history, perfor
ming complete physical examination and recognition 
and interpretation of radiologic findings. Laboratory 
testing has distracted from those origins and it is time 
to return to those basic skills.
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INTRODUCTION
Rheumatology is undergoing a number of transitions, 
with the future representing a return to basics. Training 
programs will reemphasize development and validation 
of clinical skills. Serologic diagnostic approaches are 
being reevaluated with emphasis on clinical diagnosis.

Limitations of serology-based diagnosis
Significance of serologic test results has been a source 
of controversy ever since. Sharp et al[1] recognized anti-
RNP antibodies and identified them as the arbiter for 
diagnosis of mixed connective tissue disease (MCTD). 
The MCTD that he associated with anti-RNP antibodies 
presented as a well-defined syndrome, consisting of a 
mixture of symptoms attributable to various connective 
tissue/collagen vascular diseases. That combination did 
not represent co-occurrence of more than one conne
ctive tissue disease, and was insufficient in character 
and associated phenomena to define a single (up until 
then) recognized entity.

Sharp et al[1] had clearly identified a previously 
unrecognized syndrome. As the characteristics of the 
phenomenon he recognized were promulgated, rheu
matologists started recognizing it in the absence of 
anti-RNP antibodies. Thus, some perceived presence 
of anti-RNP antibodies as unnecessary to the diagnosis 
of MCTD. More widespread testing revealed that those 
antibodies had less specificity than originally thought[2-4]. 
Clinical diagnosis of Sharp’s disorder has become the 
more common approach.

Dr. Sharp’s was but one of many attempts at standar
dization in rheumatology. It must be remembered that 
such efforts were intended to create more uniform/
homeogeneous groups for scientific studies, not for 
clinical diagnosis[5,6]. His is not unlike DRGs, developed 
for a similar research purpose but subsequently “hijacked” 
for a national clinical coding system by non-clinicians. 
These attempts to establish uniform groups make 
the assumption that disease/symptom classifications 
have validity and are not simply conventions, philoso
phical categorizations made to help guide therapeutic 
approaches.

Practice of rheumatology started with establishing 
our own laboratories for performance of sophisticated 
tests, declining to accept as valid any test results 
performed at other facilities. At some point, such tests 
were delegated to various outside laboratories, with loss 
of oversight by the ordering physician. Whether this 
was a manifestation of inadequate familiarity with the 
techniques involved or unappreciated “interference” by 
insurance companies designating where tests could or 
could not be performed, interpretation of those tests 
became more complicated. 

Original performance of antinuclear antibody assess
ment on rat or mouse liver or kidney slices had well-
established normal ranges, known frequency of false 
positives and interpretable patterns[7]. When replaced 
by microscopic examination of tissue culture Hep-2 

cells, similar validation of pattern implications was less 
stringent[8]. It can no longer be specifically attributed to 
the originally-associated disorders. Even presence of a 
positive ANA can be misleading, as it is present in 5% of 
the general population. Given the prevalence of lupus, 
95% of individuals with a positive ANA don’t actually 
have lupus. And 5%-30% of individuals with lupus do 
not have a positive ANA[9]. 

Similarly, serology-based practitioners have used 
presence or absence of rheumatoid factor as defining 
whether an individual is suffering from rheumatoid 
arthritis. The titer-based nature of the test reflects the 
need for sufficient sensitivity to indicate greater than 
normal amount of rheumatoid factor in the blood (noting 
that antibodies reacting with components of other 
antibodies are routinely present in normal individuals). 
This reduces specificity - for abnormal amounts in the 
blood, not actually for diagnosis of rheumatoid arthritis. 
Rheumatoid factor is elevated in other connective 
tissue disorders, other forms of inflammatory arthritis, 
malignancy, chronic infections (e.g., endocarditis, 
rheumatic fever, tuberculosis, syphilis, viral disease, 
parasitic disease), rheumatic fever, pulmonary fibrosis, 
sarcoidosis and chronic renal disease). The tradeoff 
between sensitivity and specificity results in a titer cutoff 
that has a 5% false positive result. While that cutoff 
may be 1:40, it is not unusual to have 1:160 titers 
in normal healthy individuals. The former impression 
that presence of rheumatoid factor has specificity for 
diagnosis of a specific variety of inflammatory arthritis 
probably derives from lumping of all inflammatory arth
ritis as rheumatoid, as described below.

Perhaps the most eggarious of the serologic app
roaches is to diagnoses ankylosing spondylitis simply 
because the HLA-B27 histocompatibility antigen is 
present. HLA-B27 is present in 90% of individuals with 
ankylosing spondylitis and 50% of individuals with other 
forms of spondyloarthropathy, but is also common in 
healthy individuals. A recent Turkish study found HLA-
B27 present in 18% of the general population, while 
the prevalence in Caucasians is 13% and in African 
Americans, 4%[10]. Given that ankylosing spondylitis is 
only present in 0.2% of the population, 98% of HLA-B27 
positive individuals will not have the disease. Thus, the 
reversion from serologic to clinical diagnostic approaches 
will eliminate the patient’s psychic trauma resulting 
from receiving such a misdiagnosis and facilitate the 
clinician who must subsequently disabuse that patient 
of the perceived life-style and morbidity implications of a 
disease they don’t have.

Reinvestment in clinical skills
In the transition from clinical diagnoses to those based 
on testing by outside laboratories, a standard rheu
matology procedure became similarly outsourced, 
actual examination of joint fluid. Examination by the 
rheumatologist originally provided an approximation of 
white and red blood cell content, allowing verification of 
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outside laboratory actual counts[11]. Loss of cells in clots 
or other handling misadventures were recognized and 
the reliability of results provided by outside laboratories, 
independently assessed. This was a “side benefit” 
of rheumatologist-performed polarizing examination 
for crystals. It was also difficult to find a reference 
laboratory with acceptable reliability[12-15]. Concern with 
this issue apparently fell by the wayside, perhaps related 
to changes in training program priorities. Clinically 
oriented individuals recognize the importance of their 
performance of this evaluation, but serologically-oriented 
individuals have delegated this to outside laboratories. 
The future of rheumatology involves restoration of its 
practice by rheumatologists and re-establishing their 
expertise in its performance[13].

Perhaps one of the major factors stimulating renewed 
attention to clinical evaluation is the availability of so 
many effective biologic agents (e.g., acting on tumor 
necrosis factor, interleukins 1 and 6, T cells)[16-18]. These 
target the inflammatory process, but have no direct 
effect on mechanical sources of pain and morbidity. It 
has become much more critical for the rheumatologist 
to be able to distinguish inflammatory components of 
a patient’s complaints and limitations from those of 
mechanical origin[11,19]. Pain and limited ambulation (and 
sometimes swelling) resulting from ligamentous laxity 
producing knee instability may be misinterpreted as a 
component of the patient’s inflammatory arthritis, if the 
responsible knee instability is not recognized. Similarly, 
distinguishing wrist pain related to tendonitis [often of 
mechanical origin (e.g., DeQuervain’s tenosynovitis)] is 
critical in its resolution, and in avoiding more aggressive 
anti-inflammatory and biologic therapies - for a problem 
that will not yield to such intervention[11,19], but will 
subject the patient to potential toxicity. 

One of the most important lessons is for the clinician 
to have the patient point to the site of pain[11]. The 
complaint of hip pain is a classic example. This term is 
commonly used to identify pain in the buttock, back or 
lateral aspect of the pelvis, rarely for the groin - which 
is actually the anatomical location of the hip. While pain 
in the buttock or back may lead to investigation for 
fibromyalgia or sacroiliitis, it is pain in the lateral aspect 
of the pelvis which affords the rheumatologist the rare 
opportunity to safely provide immediate relief. That area 
is home to a series of bursae[20]. Previously referred to 
simply as trochanteric bursitis, it has now been realized 
that there are actually four bursae that are typically 
involved as a group - and that treatment of only one 
usually is ineffective. All four bursae (gluteus medius, 
gluteus minimus, subgluteus medius and subgluteus 
minimus) need to be injected with a water insoluble 
corticosteroid. Water soluble steroids simply diffuse to 
the whole body, while non-soluble ones remain localized 
to the affected area. They expose the patient to less 
systemic complications. The lidocaine in the injection 
provides immediate relief and verifies the accuracy of 
the diagnosis, while the corticosteroid provides lasting 
benefit. Of course, for this disorder and for others (e.g., 

epicondylitis, DeQuervain’s tenosynovitis), it is important 
to examine clinical history for activities of daily life and 
occupational derivations - issues which need resolution, 
if recurrence is to be avoided. 

Clinical skills of physical examination are also being 
reemphasized, especially the importance of assuring 
the examination is complete and inclusive[11]. Uniformity 
is critical, to reduce interobserver variability[21,22]. This 
includes assuring ability to perform arthrocentesis of 
all joints. The “no touch” joint aspiration technique was 
recognized and promoted a third of a century ago. 
It is predicated upon understanding joint anatomy, 
a subject typically not addressed in medical school. 
Renewed access to the anatomy laboratory provides 
the opportunity to dissect and identify surface markers 
that allow facile joint access joint[11]. Much of this has 
been relegated to utilization of ultrasound for needle 
placement, allowing clinical skills to deteriorate, rather 
than utilizing ultrasound images to refine those clinical 
skills.

Role of procedures
Rheumatology has been a field badly in need of a 
procedure. Reimbursement for time spent with patients 
has been woefully inadequate, while procedures are 
typically well compensated. Closed muscle biopsies, fat 
and synovial membrane biopsies have been pursued, 
but are not major revenue generators. Rheumatologists 
will have difficulty maintaining the level of our services if 
we cannot amortize the inadequately reimbursed clinical 
examinations. 

An early consideration was developing endoscopy 
(gastroscopy) skills, as it was thought that rheumato
logists should be able to evaluate the ulcers caused by 
the medications we prescribe. Assessing significance 
of gastrointestinal complaints is complicated as most 
symptomatic individuals actually do not have endoscopic 
evidence of damage, while many non-steroidal anti-
inflammatory drug-related ulcers are not symptomatic. 
A mechanism existed in the 1980’s to establish just 
such training. It was, however, abandoned because 
hospital credentialing at that time was usually limited to 
those who had completed a gastroenterology training 
program, with general surgeons grudgingly allowed 
to perform the procedure. Rheumatologists were not 
getting credentialed, despite appropriate training. 

Infusions have been touted as revenue-generators, 
leading to a potential conflict of interest between patient 
and practice revenue. Performance and examination of 
X-rays would seem the most appropriate procedure for 
rheumatologists to add to the armamentarium. Thus, 
training in radiologic techniques will be emphasized as 
well as developing skills necessary for skeletal radiologic 
evaluations[11]. Because some rheumatologists practice in 
an environment where the organization/hospital has an 
agreement with a radiology group for sole performance 
of X-ray examinations, there has been a perception 
that stream of revenue is totally lost. However, training 
in skeletal radiology provides the opportunity to bill for 
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of rheumatoid arthritis. Predominant metacarpal 
phalangeal joint involvement, distribution of erosions 
to the bare areas of peripheral joints and periarticular 
osteopenia characterizes the arthritis present in 
seven populations, with joint ankyloses conspicuously 
absent[38,39,49,52]. 

Erosions in skeletons from other archeologic sites 
involved fewer joints and were typically localized to the 
areas originally covered by cartilage (subchondral)[53-57]. 
Joints were often fused[46,48,50,54,56,58-62]. Radiologic 
examination revealed periarticular osteopenia in less than 
half, in contrast to its universal presence in the first gro
up[46,48,50,54,56,58-62]. Why are the patterns and distribution 
of joint involvement so different in these populations? 
“Osseotropism” and “rheumotrophism” have been 
suggested to help characterize the phenomena[57]. 

It seems useful to examine how individuals with this 
second pattern of arthritis compare with those more 
universally recognized as having spondyloarthropathy, 
those with axial joint disease[46,48,54,57,62,63]. Vertebral 
centra bridging in the form of syndesmophytes and 
sacroiliac joint and zygapophyseal erosions or fusion 
through their articular surfaces are definitive for the 
diagnosis of spondyloarthropathy[46,48,54,57,62,63]. It is the 
latter form of fusion through the articular surface of 
sacroiliac joints that provides insights to the subchondral 
propensity of erosion localization in peripheral joints. 
Fusion requires that the integrity of the subchondral 
cartilage be compromised, such that trabeculae can 
bridge what was originally a synovial lined space. This 
propensity is not found in individuals with rheumatoid 
arthritis.

The biomechanics of the two diseases are also quite 
different[53,64]. As might be expected, a disorder that 
disrupts articular surfaces should produce joints which 
glide less easily than one in which the joint surface is 
smooth. One method to quantify such variation is use 
of an accelerometer, which characterizes as vibration 
intensity/power the joints resistance to transitional 
movement[64,65]. High vibration/power was noted in 
individuals with subchondral erosions, independent of 
presence or absence of peripheral joint fusion or axial 
joint disease, in contrast to low vibration/power in 
individuals with marginal erosions lacking peripheral 
joint fusion or axial joint disease, the group classically 
recognized as having rheumatoid arthritis[64,65]. There 
was no overlap of vibration/power “signatures” between 
the groups.

Critical examination of the zoologic record also pro
vides clarity. Previous diagnosis of rheumatoid arthritis 
in pigs and dogs[66-69] was apparently related to lack 
of familiarity with alternative (to rheumatoid arthritis) 
diagnoses, as the classic subchondral erosions and 
peripheral joint fusion of spondyoarthropathy were 
present[51,54,62,70,71]. Systematic assessment revealed fre
quent evidence of the above-noted patterns associated 
with spondyloarthropathy, but none of those associated 
with rheumatoid arthritis, among more than 30000 
mammals examined in zoological collections around 

reexamination of X-ray images, whenever there are 
findings that general radiologists have not recognized. 
The generalist has a search image and pattern of review 
that is different than that of the skeletal radiologist (e.g., 
rheumatologist trained in skeletal radiology), so each 
has significant contributions to patient care and it is 
appropriate for both to bill.

Attempting to find a fully billable procedure has 
led rheumatologists to consider diagnostic ultrasound. 
While an excellent and informative technique[23-25], it is 
quite time-expensive, although shortcuts with limited 
examinations have been pursued[26]. It has been used 
for needle localization for arthrocentesis for those 
without confidence in their clinical skills to localize the 
joint[27-29], but does have a value in recognizing calcium 
pyrophosphate deposition disease and gout, as well 
as distinguishing synovial effusions from synovial proli
feration and recognizing erosions[27,28,30,31]. There has 
been significant controversy as to whether it is more 
sensitive than the clinical examination for recognition of 
effusions, most of which seems to relate to examination 
skills. It may be one of the best radiologic techniques for 
recognizing and identification of shoulder pathology[32], 
a 20 min examination which unfortunately is not suffi
ciently recompensed for that time allocation.

Diagnostic appellations
We’ve also learned to examine what’s in a name: An 
identification helpful to patients or a diagnosis that 
can be used to discriminate (e.g., by insurers). Names 
often have unintended deleterious effects, stigmatizing 
people, industries or communities and can misdirect 
therapy[33,34]. This is exemplified by changes in utilization 
of the diagnostic appellation, rheumatoid arthritis. The 
criteria originally proposed by Ropes et al[5] were modi
fied by a committee of what was then the American 
Rheumatism Association modification of criteria for 
rheumatoid arthritis in 1987[35]. 

Diagnosis of rheumatoid arthritis has been predi
cated on committee-derived criteria which subse
quently expanded its purview and deleted past 
exceptions[36-39]. The resulting patient cohort may be 
more inclusive, but specificity is problematic. This has 
commonly resulted[40-42] in lumping as rheumatoid 
arthritis additional patients with predominantly non-
axial disease[43-45]. Expansion of these criteria was 
accompanied by the requirement that there be no 
“alternative diagnosis that better explains the synovitis”. 
The latter assumes adequate diagnostic skills to 
recognize other disorders. Spondyloarthropathy and 
calcium pyrophosphate deposition disease are the major 
disorders that share clinical presentations with that of 
rheumatoid arthritis[46-48], It is critical to recognize the 
symmetrical pattern, marginal localization of and axial 
joint sparing characteristics of rheumatoid arthritis[49-51], 
if these alternative diagnoses are to be recognized.

Examination of the archeologic record reveals 
two distinct patterns, thus challenging the specificity 
incurred when utilizing the 1987 criteria for diagnosis 
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the world[46,50,72]. The animals have a disorder clearly 
distinguishable from classic rheumatoid arthritis.

Peripheral joint fusion clearly represents a pathophy
siology distinct from that of natural course of rheumatoid 
arthritis[38]. The term “natural” is used, as corticosteroid 
therapy has many complications, including altering 
disease course to allow joint fusion. The biomechanics 
and epidemiology (both archeologic and zoological) of 
erosive arthritis clearly separate rheumatoid arthritis and 
spondyloarthropathy. Those studies further note that 
isolated wrist and ankle affliction is indicative of spondy
loarthropathy and not rheumatoid arthritis. The lumper-
splitter controversy, wherein lumpers considered most 
inflammatory arthritis as part of the rheumatoid arthritis 
syndrome, is being superceded by the splitters[6,73,74].

Therapeutic intervention
While methotrexate and tumor necrosis factor inhibitors 
might be considered the “boutique” treatments for inflam
matory arthritis[75], because of less insurance company 
obstruction to their use and expansion of available 
biologic agents, therapeutic intervention also is returning 
to the basics and perhaps more cost-effective agents. Use 
of one of the older agents, hydroxychlorquine (plaquenil), 
is undergoing resurgence, with renewed recognition of its 
efficacy[76]. Sulfasalazine is another example. It originally 
was developed specifically for treatment of rheumatoid 
arthritis because of the perspective that it was infectious 
in origin[77,78]. At the time of its conception, antibiotics 
were predominantly sulfa-based. Combining that anti
biotic with the anti-inflammatory effect of salicylate 
was therefore logical but proved to be ineffective - in 
the short term. It was subsequently recognized that 
sulfasalazine had delayed benefit, requiring months 
for its efficacy to manifest. Renewed consideration 
of sulfasazine therapy resulted from recognition of 
inflammatory arthritis of the spondyloarthropathy variety 
in gorillas[79]. How do you treat a 600 pound individual 
with an attitude? Eye contact is considered a threat 
gesture and they don’t cooperate in the same manner as 
chimpanzees for the vascular access necessary to assure 
medication safety. Anesthetizing gorillas at frequent 
intervals is not an option, because of anesthesia-related 
mortality. A medication was required which did not 
require the close laboratory monitoring so necessary 
with methotrexate and the ophthalmologic evaluations 
required with hydroxychloroquine use[80,81]. Sulfasalazine 
seems the safest of the disease modifying (DMARD), 
has documented efficacy in gorillas, and is actually now 
standard veterinary treatment for the disease (except 
perhaps in dogs, where some develop dry eyes from the 
drug)[79]. Recognition of its efficacy across the vertebrate 
spectrum[79], led to reexamination of its use in humans 
and recognition that it offers a safe alternative (without 
the cancer risk) to methotrexate.

Telerheumatology
Telemedicine or remote provision of services has been 

suggested as a new approach, especially in underserved 
areas[82]. Working with physicians and physician ex
tenders, this has proven a useful approach in Alaska[83]. 
If needed for cardiology (for which extensive education 
and experience are provided in medical school and 
residencies), how much more so that might seem for 
rheumatology. However, that very difference in training 
and experience is fundamental to the difficulty of 
providing rheumatology services in such a manner[84]. It 
would require establishment and validation of physical 
examination (not limited to the joints) and history 
taking skills, assurance that those skills are maintained 

Those history taking skills require attention to 
nuances and vocabulary variation in different geographic 
and ethnic populations. There are major discrepancies 
between patient-completed questionnaires and their 
verbal response to essentially the same questions (e.g., 
attention to hesitancy in responses, suggesting they are 
thinking about the question. If so, it is useful to have 
patient verbalize what they are considering and often 
dismissing - precluding access to important diagnostic 
information. “Absenting substantial revision of medical 
school and post-graduate education and training, 
telerheumatology does not seem feasible”[84], not ready 
for prime time.

CONCLUSION
The future of rheumatology is predicated upon patient 
advocacy as always, but now more proactive with 
those who make the laws/regulations that insurance 
companies are obligated to follow[81]. This derives 
from insurance companies with oxymoronic names 
stonewalling evidence-based appeals and even FDA-
approved usages in favor of medicines unapproved 
for a given indication. The future direction is illustrated 
by the change in the American College of Physicians’ 
journal name from Arthritis and Rheumatism to Arthritis 
and Rheumatology. Rheumatism was an old term for 
aches and pains. Rheumatology deals with much more 
than arthritis and now recognizes derivation of those 
aches and pains. It has changed from simply recording 
symptoms to identifying their causes. That is the future 
of rheumatology, pursuing a more scientific, evidence-
based approach, examining and testing preconceived 
notions to provide appropriate care with an approach 
that maximizes efficacy and safety. 
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related to inflammation in joint disorders including 
rheumatoid arthritis (RA), osteoarthritis, and psoriatic 
arthritis (PsA). These arthropathies have been associated 
with a wide range of systemic and inflammatory con­
ditions 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 PsA including 
ustekinumab (an interleukin 12/23 blocker) and ada­
limumab (a tumor necrosis factor-alpha blocker also 
used in RA) 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. 

Key words: Psoriatic arthritis; Rheumatoid arthritis; 
Leptin; Ustekinumab; Tumor necrosis factor-alpha
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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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Abstract
Leptin, an adipokine responsible for body weight 
regulation, may be involved in pathological processes 
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INTRODUCTION
Approximately one in five adults in the United States 
reports having the medical diagnosis of arthritis[1]. Arth­
ritis 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 hyper­
tension, 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 iden­
tified, only two are known to be involved in intracellular 
signaling. Binding of leptin to its longest receptor iso­
form 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-dependent T cell differentiation, by influencing the 
downstream pro-inflammatory milieu of IL-23, which 
includes interferon-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 (Table 1). 

Leptin in RA
The largest number of studies pertained to the role of 
leptin in the disease activity of RA (n = 24). About 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 wk 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 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 cardiov­
ascular risk factors in patients with RA, it was suggested 
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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, Härle 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, Xibillé-Friedmann et 
al[22] found that higher leptin levels at baseline predicted 
higher disease activity severity 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 
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 calcu­
lated 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 inve­
rsely correlated with the degree of inflammation as 
determined by CRP and IL-6 levels[26]. Anti-TNF treat­
ment 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 
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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.
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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. Fifty-six percent 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 syno­
vial 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 Wo­
men’s Health Across the Nation underwent bilateral 
knee radiographs that were associated with leptin levels 

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].
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RA OA PsA 
Ref. Negative 

correlation 
(n 1)

Positive 
correlation 

(n 1)

No correlation 
(n 1)

Ref. Negative 
correlation 

(n 1)

Positive 
correlation 

(n 1)

No 
correlation 

(n 1)

Ref. Negative 
correlation 

(n 1)

Positive 
correlation 

(n 1)

No 
correlation 

(n 1)

[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 - - - - - - -
Total 5 7   12 9 1 5 3 1 - 1 -

Table 1  Summary of findings

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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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 relation­
ship 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 ye­
ars. 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 PsA. In 2012, one 
study revealed that patients with PsA had higher osteo­
clast 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 PsA 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 uste­
kinumab 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. RA is characterized by 
an auto-immune increase in osteoclast formation and 
joint derangement. OA is a degenerative joint disease 
with focal and progressive loss of hyaline cartilage of the 
joints, osteophytes, and bony sclerosis. In PsA, 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 atheros­
clerosis. 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 
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that could specifically address the adipokine. 
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Abstract
IgG4-related disease (IgG4-RD) is a systemic fibro-
inflammatory disease with multiple organ disorders. 
Recently, in IgG4-RD, increased circulating plasmablasts 
have been found. The subsets of plasmablasts are 
negative for RP105 (CD180). A large population of B 
cells lacking RP105 (RP105-negative B cells) are found in 

patients with active with systemic lupus erythematosus 
and other systemic autoimmune diseases, including 
dermatomyositis, and Sjögren’s syndrome. In other con
ditions, such as neuromyelitis optica, Kawasaki’s disease, 
primary biliary cirrhosis and aging, RP105 expression on 
B cells and monocytes also alters. We review the basic 
science and clinical significance of RP105-negative B 
cells including plasmablasts in various immune-based 
diseases. RP105-negative B cells, especially plasmablasts, 
play crucial roles in both systemic and organ-specific 
autoimmune and inflammatory disorders. 

Key words: Plasmablast; CD180; IgG4-related disease; 
Autoimmune disease

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: RP105 (CD180) is associated with B cell function, 
survival and death. RP105-negative B cells, especially 
plasmablasts, take part in pathophysiology of various 
immune-based diseases.
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INTRODUCTION
IgG4-related disease (IgG4-RD) is a novel systemic 
fibro-inflammatory disease with multiple organ disor
ders[1,2]. IgG4-RD affects the various organs, including 
pancreas, kidney, aorta, lung, lymph node, salivary 
gland, lacrimal gland, prostate, pericardium, and so on. 
The elevated serum IgG4 levels are associated with the 
pathophysiology of IgG4-RD. B cell depletion therapy 
using rituximab (RTX) is an effective and alternative 
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therapy of refractory IgG4-RD[3]. These results suggest 
that B cells play important immunological roles in the 
disease. The diagnosis of IgG4-RD is performed by 
biopsy-proven characteristic histology and immunohis
tochemistry features. Although, to date, the etiology and 
B cell biology in IgG4-RD have not been fully elucidated, 
recent studies suggest that late B cells, especially 
plasmablasts, play a pivotal role[4,5]. In patients with 
IgG4-RD, increased circulating plasmablasts and IgG4+ 
plasmablasts were found[6]. 

Toll-like receptors (TLRs) are important components 
of innate immune system that trigger antimicrobial 
responses. TLRs recognize various pathogens such 
as lipopolysaccharides (LPS), lipopeptides and CpG-
DNA. RP105 [radioprotective, 105 kDa (MW); CD180], 
TLR associated molecule, is principally expressed on 
mature B cells[7]. Interestingly, a large population of B 
cells lacking RP105 (RP105-negative B cells) are found 
in patients with active systemic lupus erythematosus 
(SLE)[8] and other systemic autoimmune diseases, inclu
ding dermatomyositis (DM), Sjögren’s syndrome (SS) 
and so on[9]. Moreover, in organ-specific autoimmune 
diseases, for example, in neuromyelitis optica (NMO), 
an inflammatory disease affecting the optic nerve and 
spinal cord, increased circulating RP105-negative B 
cells were reported[10]. Recently, in IgG4-RD, increased 
RP105-negative B cells, especially the subsets of 
plasmablasts, have been described[11-13]. Moreover, in 

various conditions, such as Kawasaki disease (KD), 
primary biliary cirrhosis (PBC) and aging, altered RP105 
expression on B cells and monocytes was found. We 
review the basic science and clinical significance of plas­
mablasts and RP105-negative B cells in various immune-
based diseases. 

STRUCTURE AND FUNCTION OF RP105 
(CD180)/MD-1
Structure and expression of RP105
RP105 is a pathogen receptor of the leucine-rich repeat 
(LRR) family with homology to TLR-4. It was first repo­
rted that RP105 is mainly expressed on murine naïve 
and memory B cells[7]. The human homologue of RP105 
was identified in 1998[7,14]. Although RP105 was origin
ally discovered as a surface marker of B cells both in 
mice and humans, the molecule is also expressed on 
monocytes, macrophages, and DCs.

Virtually, all human B cells express RP105 strongly 
but not on plasma cells[15]. RP105 consists of extracellular 
LRRs and a short cytoplasmic tail (Figure 1). The LRRs 
involve in protein-protein interaction[16]. Extracellular LRR 
motifs of RP105 are similar to the other TLRs. RP105 
forms a heterodimer complex with MD-1[17-19]. In the 
same manner as MD-2 for TLR-4, MD-1 is essential for 
expression of RP105 on the cell surface. Because RP105 
has a very short cytoplasmic tail, 11-amino-acids, RP105 
lacks the conserved intracellular signaling domain, Toll-
IL-1 receptor (TIR) domain. TIR domain is required for 
TLR-signal transduction via adapters such as MyD88. 
Therefore, RP105 may be associated with a coreceptor 
transducing a signal into the cell.

The molecules with LRRs take part in the recognition 
of exogenous pathogens and activation of the immune 
system[20,21]. Historically, TLRs were first identified in 
Drosophila[22]. The molecules having LRRs are also 
important in the defense against pathogens in humans. 
The structural similarity of the extracellular LRRs of 
RP105 to TLRs suggests that RP105 also senses patho
gen invasion, such as LPS[18]. 

Signaling of RP105
Although signaling molecules binding to cytoplasmic tail 
of RP105 are not fully identified yet, there are multiple 
signaling pathways of RP105. RP105 signals separate 
from MyD88 and use CD19 as a coreceptor to signal 
through lyn, Vav, phosphoinositide 3-kinase (PI3K), AKT 
and IκB kinase α[23,24]. Phosphatase and tensin homolog 
deleted on chromosome 10 (PTEN) and PI3K inhibitors 
control TLR4/RP105/LPS signaling in the CD19+ B cells 
and pan PI3K inhibitors reverse the lymphoproliferative 
phenotype in vivo[25].

Functions of RP105
The differential function of RP105 on macrophages/
monocytes and B cells has been reported. RP105 has 
a negative regulatory function for TLR-4/MD-2 signal in 
macrophages and monocytes[26,27]. Recently, the unique 
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Figure 1  P105 consists of extracellular leucine-rich repeats and a short 
cytoplasmic tail. LPS: Lipopolysaccharide; TLR4: Toll-like receptor 4; IKKα: 
IκB kinase α; PI3K: Phosphoinositide 3-kinase.



role of RP105 in macrophages to TLR ligands has been 
reported. The function of TLR2 and TLR4 in activated 
macrophages could be associated with RP105[28,29]. In 
B cells, RP105 may have enhancing role of TLR-signals. 
Anti-RP105 monoclonal antibodies induce polyclonal B 
cell proliferation and immunoglobulin production of IgG1 
and IgG3[30]. RP105 may regulate signals and functions 
of TLR-7 and TLR-9 to limit activation of autoreactive B 
cells[31]. In mice, RP105 plays a role in regulation of B cell 
growth and death. Although, in humans, the function 
of RP105 in B cells is still controversial and undefined, 
RP105 affects activation and regulatory function of B 
cells.

ACTIVATING ACTION OF RP105
Anti-RP105 antibodies
Cross-linking of anti-RP105 antibodies transmits an 
activation signal leading to B cell proliferation strongly, 
provides resistance against radio- and glucocorticoid-
induced apoptosis, and expresses CD86, a co-stimu
latory molecule, in mice[19]. RP105/MD-1 is functioning 
in concert with TLR4, controlling B cell recognition and 
signaling of LPS from Gram-negative bacteria[14].

Agonists of RP105; lipoprotein and LPS
RP105 physically interacts with TLR2, and both RP105 
and TLR2 are required for macrophage activation by 
Mycobacterium tuberculosis lipoproteins[32]. RP105 is 
also involved in activation of macrophages by gram-
positive bacteria, Staphylococcus aureus[28] and by 
Pam3CSK4 through TLR2 signaling[29]. In activation 
of macrophages by LPS and Pam3CSK4, TLR2 signa
ling overcomes RP105-mediated regulation of TLR4 
signaling[29].

In RP105- and MD-1-deficient mice, activating fun­
ction of B cells, including antibody production, CD86 
expression and proliferative response to LPS, was 
reduced. However, because RP105 or MD-1-deficient 
mice do not lack LPS responsiveness completely, there 
may be functional associations between TLR4/MD-2 and 
RP105/MD-1[17]. 

Inhibiting action of RP105
On the other hand, because, unlike the TLRs, RP105 
has a short cytoplasmic protein and lacks an important 
signaling domain, RP105 may function as a competitive 
negative regulator of TLR signals structurally. RP105 
plays a physiological role of negative regulation of TLR-4 
signaling in dendritic cells (DCs) and macrophages[25-27]. 
We have also investigated the inhibitory role of RP105 
in the development of collagen-induced arthritis (CIA)[33]. 
Onset and severity of arthritis were accelerated in RP
105-deficient DBA/1 mice. In this model, RP105 regu­
lates the antigen-presenting cell function and regulatory 
T cell (Treg) development. As a result, RP105 induces 
the attenuation of the cell-mediated immune responses 
and suppression of the development of CIA.

RP105-activated B cells after cross-linking of surface 
IgM show growth arrest and apoptosis[24,34]. This result 
suggests that RP105 can function as a negative regulator 
of B cell activation. RP105 regulates proliferation and 
survival of B cells in response to various stimulation.

Population of RP105-negative B cells in human and 
murine diseases
Up to the present time, expression of RP105 on B 
cells and monocytes from patients with various disea
ses has been examined (Table 1). The numbers of 
RP105-negative B cells vary considerably according 
to the diseases. Especially, RP105-negative B cells 
are increased in SLE, SS, DM and IgG4-RD in which 
pathophysiologically B cells are significantly involved[1,11]. 
Also, in NMO, an organ-specific autoimmune disease, 
increased RP105-negative B cells were found[10]. Some 
NMO patients have elevated serum anti-nuclear and 
anti-SS-A/SS-B antibodies, and then NMO might share 
common pathological mechanism with systemic autoi
mmune diseases to some extent.

SLE
Although normal mature B cells express RP105, RP105-
negative B cells are dramatically increased in active 
SLE patients[8]. The disease activity of SLE, SLE Disease 
Activity Index (SLEDAI) scores, is correlated with the 
percentages of RP105-negative B cells. Also, serial 
analysis of the ratio of RP105-negative B cells from 
the same SLE patients was performed individually and 
RP105-negative B cells decreased as the disease turned 
inactive. The serum IgG levels were also correlated 
with the percentages of RP105-negative B cells. These 
results suggest that RP105-negative B cells in the 
peripheral blood are closely associated with activity 
and function of B cells of SLE. Being similar to RP105-
negative B cells, CD27highCD38+ B cells producing 
high-affinity IgG are increased in the peripheral blood 
of SLE patients with correlation to disease activity[35,36]. 
RP105-negative B cells and CD27highCD38+ B cells 
should be phenotypically identical[9].

RP105-negative B cells disappeared in the peripheral 
blood from patients treated with corticosteroids and 
seem to be more sensitive to corticosteroids than RP105-
positive B cells in vivo. The effect of dexamethasone 
on apoptosis of RP105-negative B cells was confirmed 
in vitro. Although RP105-negative B cells underwent 
spontaneous apoptosis more easily compared to RP105-
positive B cells, dexamethasone induced apoptosis of 
RP105-negative B cells, but not RP105-positive B cells. 
This result illustrates the rapid clearance of RP105-
negative B cells from peripheral blood by the treatment 
with corticosteroids in SLE patients.

ANA-negative SLE (seronegative SLE)
Because, in patients with SLE, antinuclear antibody (ANA) 
in serum is a primary hallmark, ANA-negative SLE is 
very rare[37]. Although, in clinical practice, ANA-negative 
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recurrent attacks of severe optic neuritis and myelitis[52]. 
In NMO, anti-aquaporin-4 (AQP4) water channel protein 
antibodies are pathogenic autoantibodies and can be 
used as a disease marker[52,53]. Because anti-AQP4 
antibodies alone do not cause the disease, cellular 
immunity works in concert with anti-AQP4 antibodies in 
pathophysiology in NMO[54]. Although RP105-negative 
(CD19intCD27highCD38highRP105-) B cells are inc
reased in the peripheral blood of anti-AQP4 antibody-
positive NMO patients compared to normal subjects 
or patients with conventional form of multiple sclerosis 
(CMS), the frequencies of naïve and memory B cells 
are not changed. The frequency of RP105-negative B 
cells is correlated with the serum levels of anti-AQP4 
antibodies[10]. Serial analysis of paired samples from 
the same NMO patients during relapse and in remission 
shows that RP105-negative B cells increased during 
relapse.

RP105-negative B cells in various immune-mediated 
diseases
Among various systemic rheumatic diseases, RP105-
negative B cells are also increased in SS[55,56], DM[57], 
IgG4-RD[13] and ANCA-associated vasculitis [submitted]. 
In the patients with rheumatoid arthritis, systemic 
sclerosis, angiitis syndromes except for granulomatosis 
with polyangiits, Behçet’s disease, mixed connective 
tissue disease, and polymyositis (PM), the numbers 
of RP105-negative B cells are increased compared 
to normal subjects. However, the levels are not very 
high[55]. 

DM/PM
DM and PM are clinically similar diseases each other. 
Difference between two diseases is not only the presence 
of skin manifestations, but also etiological findings, the 

SLE patients exist as a subpopulation of SLE, the 
diagnosis of seronegative SLE can be difficult in patients 
showing no immunological abnormalities[38-46]. The nu
mbers of RP105-negative B cells were increased and 
correlated with disease activity even in ANA-negative 
SLE patients[47]. Without significant serological markers 
for SLE, examination of B cell population may be useful 
in evaluation of activity. Later, these patients turned out 
to be serologically positive, including ANA, anti-dsDNA 
and anti-Sm antibodies.

Human SLE
RP105-negative B cells produce autoantibodies, including 
IgG and IgM class anti-dsDNA and single stranded DNA 
antibodies in vitro[48]. Especially, IgG class anti-dsDNA 
antibodies are specific and profoundly associated with 
pathogenesis of SLE. RP105-negative B cells have 
characteristic phenotype compared to RP105-positive 
conventional B cells[49,50]. Collectively, RP105-negative B 
cells are assigned as autoantibody-producing pathogenic 
B cells.

Murine models of SLE
In addition, recently RP105-negative B cells have been 
found in a murine lupus model, the first filial generation 
of New Zealand Black (NZB) and White (NZW) mice 
(BWF1)[51]. Although the parental strains (NZB and 
NZW mice) do not show the phenotype of SLE, BWF1 
mice develop autoimmunity with diffuse proliferative 
nephritis and production of anti-DNA antibodies. In 
BWF1 mice, splenic or peripheral RP105-negative B 
cells are increased with progression of renal lesions and 
aging. 

RP105-negative B cells in NMO
NMO is an inflammatory neurological disorder with 
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Human Disease Ref.

Increased RP105-negative B cells
SLE [8]

ANA-negative SLE [48]
Sjögren’s syndrome [56,57]

Dermatomyositis [58]
IgG4-related disease [13]

ANCA-associated vasculitis [submitted]
Neuromyelitis optica [10]

Aging [64]
Increased RP105-negative B cells; low levels

Rheumatoid arthritis [56]
Systemic sclerosis [56]
Behçet's disease [56]

Mixed connective tissue disease [56]
Polymyositis [56]

Increased RP105 on B cells
Kawasaki disease [63]

Decreased RP105 on stimulated monocytes
Primary biliary cirrhosis [65]

BWF1 [52]

Table 1  Altered expression of RP105 (CD180) and the human and murine diseases

SLE: Systemic lupus erythematosus; ANA: Anti-neutrophil cytoplasmic antibody. 
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involvement of humoral immune mechanism in DM and 
cellular immunity in PM. The proportion of RP105-neg
ative B cells is increased in patients with DM compared 
to PM patients or normal subjects[57]. The increase of 
RP105-negative B cells reflects B cell activation in DM 
but not in PM. This finding is similar to the difference 
between NMO and CMS, as increased RP105-negative B 
cells are only found in NMO but not in CMS[10].

The different distribution of RP105-negative B cells 
between in the peripheral blood and the target organ is 
also interesting. Bronchoalveolar lavage fluid from a DM 
patient contained larger number of RP105-negative B 
cells than the peripheral blood. RP105-negative B cells 
may be preferentially located in the impaired organs, 
such as lung. 

SS
In SS patients, polyclonal hyperactivation of B cells 
exists[58]. Increased RP105-negative B cells are also 
found in SS patient. RP105-negative B cells from SS 
patients produced IgG and IgM spontaneously in vitro[56]. 
In some of salivary glands with lymphoid follicles in SS, 
germinal centers mainly consisted of RP105-negative 
B cells. B cells infiltrating the area other than lymphoid 
follicles were RP105-negative. RP105-negative B cells 
may be associated with the inflammation and tissue 
damage of the target organs in SS.

IgG4-RD
IgG4-RD is a rare and novel systemic inflammatory 
disease characterized by tumefactive lesions with infiltr­
ating IgG4-positive plasma cells[1,2]. IgG4-RD affects 
various organs. The elevated serum concentration of 
IgG4 has been believed as a hallmark of IgG4-RD. B 
cell depletion therapy using RTX is an effective and 
alternative approach in refractory IgG4-RD[3]. B cells 
play an important role in the pathophysiology of IgG4-
RD.

RP105-negative B cells increase in IgG4-RD[11]. 
Because RP105-negative B cells consist of mainly plasm
ablasts and early plasma cells, precursors of plasma 
cells are increased in peripheral blood in IgG4-RD. Serial 
analysis showed that RP105-negative B cells decreased 
in parallel with disease activity.

Wallace et al[12] reported that plasmablast is a 
biomarker for IgG4-RD, independent of serum IgG4 
concentrations. Patients with active, untreated IgG4-
RD have elevations in their circulating plasmablast 
counts. Increased RP105-negatvie plasmablasts are 
associated with disease activity and the number of 
organ involvement[11,12]. Existence of RP105-negative 
B cells may reflect the dysregulation of differentiation 
and localization of late B cells in patients with IgG4-RD. 
Moreover, in patients with IgG4-RD, CXCR5 is expressed 
on the later B cell subsets.

KD
KD is one of the vasculitis syndromes in childhood and 
an acute febrile illness with the formation of aneurysms 

in coronary arteries[59]. The percentages of RP105-
positive B cells are higher in patients with KD than 
normal subjects. The levels of RP105 expression are 
also high in children with KD. RP105 expression at 
both protein and messenger RNA levels was enhanced 
in B cells stimulated with poly inosinic-cytidyric acid 
[poly(IC)], a synthetic double-stranded RNA in vitro. 
Similar mechanism may be involved in the up-regulation 
of RP105 expression on B cells in KD and viral infections.

Aging
In the elderly people, RP105-negative B cells are incre
ased compared to the young[60]. In normal young 
persons, RP105-negative B cells are seldom (1.7% ± 
1.1%)[8].

RP105 expression on monocytes in PBC
Altered monocyte response to ligands for TLRs was 
reported in patients with PBC[61]. Peripheral blood 
mononuclear cells and monocytes from PBC patients 
were stimulated with LPS. The level of TLR4 expression 
was increased with LPS stimulation on PBC monocytes 
compared to controls. Conversely, the expression of 
RP105 on PBC monocytes was decreased in comparison 
with controls.

CONCLUSION
RP105 molecule is deeply associated with B cell function, 
survival and death. RP105-negative B cells produce 
autoantibodies and take part in pathophysiology in 
various diseases. RP105-negative B cells play a crucial 
role and are useful as a disease marker in both systemic 
and organ-specific immune-based diseases. As RP105 
has complicated function, different mechanisms of the 
increase in RP105-negative B cells may function in each 
disease. To clarify these mechanism, further studies 
should be required.
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Abstract
AIM: To determine whether evidential value exists that 
exercise reduces depression in adults with arthritis and 
other rheumatic conditions.

METHODS: Utilizing data derived from a prior meta-
analysis of 29 randomized controlled trials comprising 
2449 participants (1470 exercise, 979 control) with 
fibromyalgia, osteoarthritis, rheumatoid arthritis or syst
emic lupus erythematosus, a new method, P-curve, was 
utilized to assess for evidentiary worth as well as dismiss 
the possibility of discriminating reporting of statistically 
significant results regarding exercise and depression 
in adults with arthritis and other rheumatic conditions. 
Using the method of Stouffer, Z-scores were calculated 
to examine selective-reporting bias. An alpha (P ) value 
< 0.05 was deemed statistically significant. In addition, 
average power of the tests included in P-curve, adjusted 
for publication bias, was calculated. 

RESULTS: Fifteen of 29 studies (51.7%) with exercise 
and depression results were statistically significant 
(P  < 0.05) while none of the results were statistically 
significant with respect to exercise increasing depression 
in adults with arthritis and other rheumatic conditions. 
Right-skew to dismiss selective reporting was identified 
(Z  = -5.28, P  < 0.0001). In addition, the included 
studies did not lack evidential value (Z = 2.39, P  = 0.99), 
nor did they lack evidential value and were P-hacked (Z 
= 5.28, P  > 0.99). The relative frequencies of P-values 
were 66.7% at 0.01, 6.7% each at 0.02 and 0.03, 
13.3% at 0.04 and 6.7% at 0.05. The average power of 
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the tests included in P -curve, corrected for publication 
bias, was 69%. Diagnostic plot results revealed that 
the observed power estimate was a better fit than the 
alternatives. 

CONCLUSION: Evidential value results provide additional 
support that exercise reduces depression in adults with 
arthritis and other rheumatic conditions.

Key words: Exercise; Physical activity; Physical fitness; 
Arthritis; Rheumatic disease; Meta-analysis; Systematic 
review; Adults; Publication bias; Bias

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The primary strength of this study was the use 
of a recent and novel approach to address the potential 
for selective reporting of statistically significant results, a 
common problem in the published literature, regarding 
the effects of exercise on depressive symptoms in adults 
with arthritis and other rheumatic diseases. The results 
revealed that selective reporting does not exist, thereby 
providing further support that exercise improves depressive 
symptoms in adults with arthritis and other rheumatic 
diseases.

Kelley GA, Kelley KS. Exercise reduces depressive symptoms 
in adults with arthritis: Evidential value. World J Rheumatol 
2016; 6(2): 23-29  Available from: URL: http://www.wjgnet.
com/2220-3214/full/v6/i2/23.htm  DOI: http://dx.doi.org/10.5499/
wjr.v6.i2.23

INTRODUCTION
Arthritis and other rheumatic diseases are a major public 
health problem affecting more than 52 million adults in 
the United States[1]. By the year 2030, it is estimated that 
67 million Americans 18 years of age and older will have 
doctor-diagnosed arthritis[2]. In terms of expenditures, 
the total costs associated with arthritis in the United 
States were estimated to be 128 billion dollars in 2003, 
an increase of 41.8 billion dollars compared to 1997[3]. 

 One of the major psychological health problems 
associated with arthritis and other rheumatic diseases 
is depression[4]. To illustrate, recent estimates suggest 
that approximately 18% of United States adults with 
doctor-diagnosed arthritis have depression[4]. This is the 
result of people becoming depressed after developing 
arthritis vs the development of arthritis as a result of 
being depressed[4]. 

One potential lifestyle intervention for reducing the 
prevalence of depression in adults with arthritis and 
other rheumatic diseases is exercise[5]. For example, 
a recently completed meta-analysis of randomized 
controlled trials by the authors resulted in a statistically 
significant standardized mean difference effect size 
reduction in depressive symptoms equivalent to a 

percentile improvement of 16.4 as a result of exercise 
in adults with arthritis and other rheumatic diseases[5]. 
While encouraging, all investigations appeared in peer-
reviewed academic journals, a potential problem given 
that publications in academic journals yield an overly 
excessive number of statistically significant results[6]. 
Consequently, such findings may not be representative of 
the truth. Factors associated with an excess of statistically 
significant outcomes include, but are not necessarily 
restricted to, selective reporting by researchers[7-13]. 
Across all levels of utilization, i.e., research, practice, and 
policy, it is crucial to recognize the genuine consequences 
of physical exercise on depression in adults with arthritis 
and other rheumatic conditions. While recommendations 
for the evaluation of selective reporting and associated 
biases in meta-analysis have been developed, all have 
noteworthy shortcomings. As a result, no correction 
techniques are currently endorsed[14]. However, since 
the time of publication of these recommendations[14], 
a new and novel approach known as P-curve has been 
developed for the purpose of determining whether 
selective reporting of studies exists and which does not 
require access to null results[15,16]. Therefore, given the 
importance of identifying the true effects of exercise on 
depression in adults with arthritis and other rheumatic 
conditions, the purpose of the current study was to 
determine whether there is evidential value that exercise 
improves depression in adults with arthritis and other 
rheumatic conditions. 

MATERIALS AND METHODS
Literature search
The literature search for the present investigation ori
ginated from a previous and recent meta-analysis that has 
been explained thoroughly elsewhere[5]. In brief, research 
studies published between 1981 and January 2013 were 
retrieved by searching ten reference databases, the 
reference lists of included studies, and expert review.

Study selection
The selection of studies has also been explained thoro
ughly elsewhere[5]. Succinctly, randomized controlled 
trials that investigated the effects of aerobic exercise, 
strength training, or a combination of aerobic and strength 
training exercise on depressive symptoms, as defined by 
the authors, in adults with arthritis and other rheumatic 
diseases (fibromyalgia, osteoarthritis, rheumatoid arthritis, 
or systemic lupus erythematosus), were included[17-45]. 
Studies in which exercise, defined as “physical activity that 
is planned, structured, and repetitive and purposive in the 
sense that the improvement or maintenance of one or 
more components of physical fitness is the objective”[46], 
were included. 

Data extraction
The process for data extraction has been described in 
detail elsewhere[5]. Briefly, data were extracted by both 
authors, independent of each other. Disagreements 
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were resolved by consensus. 

Risk of bias
Risk of bias, described in detail elsewhere, was acco
mplished using the Cochrane Risk of Bias Assessment 
Instrument and followed the same procedures as for data 
extraction[5]. 

Statistical analysis
The statistical methods of this study were reviewed 
and approved by a biostatistician, Dr. Matthew Gurka, 
Department of Biostatistics, West Virginia University. 

Outcomes for depressive symptoms, as defined 
by the authors from each study, were computed using 
the standardized mean difference effect size. This was 
calculated by subtracting the change outcome difference 
in the exercise group from the change outcome difference 
in the control group, dividing by the pooled standard 
deviations of the outcomes for both groups, and then 
weighting them by the reciprocal of the combined 
variances. All effect sizes were corrected for small 
sample bias, i.e., Hedges et al[47]. Overall results were 
then combined using a random-effects model[48]. Hete
rogeneity and inconsistency were estimated using 
Cochran’s Q and I2 statistic, respectfully[48-50]. 

 To identify whether evidential value exists in relation 
to exercise reducing depression in adults with arthritis 
and other rheumatic conditions, the primary purpose 
of the current study, a recent and novel method known 
as P-curve was utilized[15,16]. Briefly, the purpose of this 
approach is to determine whether selective reporting can 
be excluded as a cause of statistically significant results, 
thus providing greater confidence that the observed 
effect is true. It comprises a distribution of significant 
P-values (alpha level < 0.05) from the included studies. 
Studies with non-significant P-values (alpha level > 0.05), 
are excluded from the assessment. The focus of P-curve 
is on determining whether studies (1) contain evidential 
value (right skew); (2) lack evidential value, as indicated 
by a power < 33%; and (3) lack evidentiary importance, 
i.e., were P-hacked, as indicated by left skew, suggesting 
that researchers withheld non-significant results. P-results 
are suggestive of real effects, i.e., evidentiary worth, 
if the number of small P values (P = 0.01) are greater 
than the number of large P values (P = 0.04). Testing 
is twofold. Firstly, for every P-value < 0.05, the chance 
of detecting a significant P-value at least as excessive 
as if the null were correct is computed. This P value, 
i.e., P value of the P value, is computed by dividing 
each statistically significant probability value from every 
study by 0.05. With respect to the current investigation, 
probabilities were calculated using the Z-scores of the 
differences in depressive symptoms between the exercise 
and control groups from each included study. To maintain 
independence, studies that included multiple groups 
and/or multiple measures of depression using different 
instruments were combined so that only one probability 
value was included for that study. This approach was 

chosen because the focus of this study was on ruling out 
selective reporting of findings. In addition, P-curve has 
been found to perform better than previously existing 
tests to address publication bias[15,16]. Details regarding 
P-curve have been described in detail elsewhere[15,16]. 

 The second step consists of aggregating PP values 
using Stouffer’s method[51]. This continuous test is 
accomplished by computing PP values for each test 
with a probability of < 0.05 and then converting them 
to Z-scores. The sum of the Z-scores is then divided by 
the square root of the number of tests with P-values < 
0.05. A negative Z-score and overall P-value < 0.05 is 
indicative of right-skewed evidential value that results 
do not suffer from selective reporting bias in favor of 
statistically significant results. A nonexistent statistically 
significant right-skewed P-value implies either an absence 
of data to draw conclusions regarding evidentiary value 
or a dearth of evidentiary value. To assess for potential 
absence of data, i.e., power, the identical method as 
for right-skew is employed with the exception that PP 
values are recomputed for expected P-curves utilizing 
a power of 33% along with the sample size from each 
study, achieved by means of non-central distributions. 
To test for a lack of evidential value suggestive of the 
withholding of non-significant findings by investigators, 
i.e., left skewed P-hacking, the same approach is used as 
for right-skewed evidential value but the PP values for left 
skew are computed as 1 minus the right skew PP value. 
Probability values ≤ 0.05 were considered statistically 
significant. 

In addition to testing for (1) right skew; (2) inade
quate information; and (3) left skew, average power 
of the tests included in P-curve were calculated while 
correcting for publication bias. This was accomplished by 
comparing the expected P-curve for each possible value 
of power between 5% and 99% and then choosing the 
level of power that most closely matches the expected 
and observed P-curves. 

 All data were analyzed using version 3.0 of P-curve 
(http://www.p-curve.com/app3/), version 3.0 of Com
prehensive Meta-Analysis (Englewood, New Jersey, 
2015) and Microsoft Excel 2010. 

RESULTS
Study selection
Twenty-nine studies that included 2449 participants (1470 
exercise, 979 control) with fibromyalgia, osteoarthritis, 
rheumatoid arthritis, or systemic lupus erythematosus 
met all eligibility criteria[17-45]. Exercise averaged 19 wk, 
4 times per week for 34 min per session[5]. The within-
study age of the participants ranged from 18 to 85 years. 
A detailed description of these studies can be found 
elsewhere[5].

Changes in depressive symptoms 
Figure 1 shows a forest plot of study-level as well as 
pooled results for changes in depressive symptoms. As 

25WJR|www.wjgnet.com July 12, 2016|Volume 6|Issue 2|

Kelley GA et al . Exercise and depression in arthritic adults



the observed power estimate was a better fit than the 
alternatives (Figure 3). 

DISCUSSION
Overall findings
The aim of the present investigation was to use a new 
approach, P-curve, to identify whether evidential value 
exists in support of exercise for reducing depression in 
adults with arthritis and other rheumatic conditions. The 
results suggest there is indeed evidential value in support 
of exercise aimed at reducing depression in adults with 
arthritis and other rheumatic conditions. These findings 
provide additional support to recently completed research 
on this issue[5]. These findings are noteworthy given: 
(1) the prevalence of depression in adults with arthritis 
and other rheumatic conditions[4]; (2) the potential 
benefits of exercise for improving depression in adults 
with arthritis and other rheumatic conditions[5]; and (3) 
the importance of determining if selective reporting bias 
exists in published exercise studies examining the effects 
of exercise on depression in adults with arthritis and 
other rheumatic conditions[7-13]. 

shown, the overall results indicate a statistically significant 
decrease in depressive symptoms in support of exercise 
along with non-overlapping 95%CI (-0.643--0.298). 
Heterogeneity was statistically significant (Q = 122.8, 
P < 0.001) and a large amount of inconsistency was 
observed (I2 = 77.2%, 95%CI = 67.6%-84.0%). 
Standardized mean difference effect size changes ranged 
from -1.85 to 0.94. Fifteen of 29 (51.7%) results were 
statistically significant (P < 0.05) while none were 
statistically significant with respect to exercise increasing 
depression in adults with arthritis and other rheumatic 
conditions.

P-curve results 
Evidential value results are displayed in Table 1 and Figure 
2. As shown, there was statistically significant right-skew. 
This suggests that there is evidential value that exercise 
decreases depression in adults with arthritis and other 
rheumatic conditions. Consistent with this finding are 
the non-significant results for a lack of evidential value, 
including P-hacking. The average power of the tests 
included in P-curve, corrected for publication bias, was 
69%. Interpretation of the diagnostic plot suggests that 
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Ref. Subgroup Combined 
measures?

Statistics for each study Point estimate and 95%CI

Point estimate Standard error Z -value P -value

Alentorn-Geil et al[17], 2008 None None -0.781 0.444 -1.758 0.079
Buckelew et al [18], 1998 None None -0.586 0.273 -2.146 0.032
Daltroy et al[19], 1995 None None -0.423 0.301 -1.406 0.160
Etnier et al [20], 2009 None None -0.949 0.527 -1.799 0.072
Fontaine et al [21], 2010 None None  0.040 0.235  0.170 0.865
Fransen et al [22], 2007 Combined None -0.141 0.146 -0.966 0.334
Gowans et al [23], 2001 None Combined -1.120 0.348 -3.218 0.001
Haak et al [24], 2008 None None -1.122 0.288 -3.902 0.000
Häkkinen et al [25], 2001 None None -1.474 0.493 -2.993 0.003
Ide et al [26], 2008 None None -0.159 0.339 -0.469 0.639
Jones et al [27], 2008 None None  0.937 0.243  3.850 0.000
Komatireddy et al[28], 1997 None None -0.389 0.339 -1.149 0.251
Mannerkorpi et al [29], 2000 None Combined -0.360 0.268 -1.344 0.179
Minor et al [30], 1989 Combined None -0.525 0.185 -2.842 0.004
Neuberger et al [31], 2007 Combined Combined  0.253 0.121  2.092 0.036
O'Reilly et al [32], 1999 None None -0.334 0.153 -2.180 0.029
Patrick et al [33], 2001 None None -0.272 0.138 -1.979 0.048
Penninx et al [34], 2002 Combined None -0.234 0.083 -2.817 0.005
Rooks et al [35], 2007 Combined Combined -0.317 0.183 -1.734 0.083
Sañudo et al [36], 2011 None None -0.439 0.312 -1.406 0.160
Schachter et al [37], 2003 Combined Combined -0.246 0.170 -1.444 0.149
Sencan et al [38], 2004 None None  1.494 0.358 -4.176 0.000
Tomás-Carúsa et al[39], 2007 None None -0.951 0.362 -2.629 0.009
Tomas-Carus et al[40], 2008 None None -0.522 0.371 -1.406 0.160
Valim et al [41], 2003 None None -1.849 0.309 -5.984 0.000
Valkeinen et al [42], 2004 None None -0.785 0.424 -1.854 0.064
Wang et al [43], 2009 None None -0.826 0.329 -2.506 0.012
Wang et al [44], 2010 None None -0.703 0.254 -2.773 0.006
Wigers et al [45], 1996 None Combined -0.095 0.333 -0.284 0.776

-0.476 0.091 -5.251 0.000

-4.00         -2.00            0.00            2.00           4.00

Favors exercise               Favors control

Figure 1  Forest plot for changes in depressive symptoms. The black squares represent the mean difference while the left and right extremes of the squares 
represent the corresponding 95%CIs. The middle of the black diamond represents the overall mean difference while the left and right extremes of the diamond 
represent the corresponding 95%CIs.
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Implications for research and practice
The findings of the present investigation provide further 
confirmation regarding the positive effects of exercise on 
depressive symptoms in adults with arthritis and other 
rheumatic diseases. However, while a random-effects 
model that incorporates heterogeneity was used, such 
models do not explain potential sources of heterogeneity, 
little of which could be identified in the primary meta-
analysis on which the current investigation was based[5]. 
Given the former, it would appear plausible to suggest 
that a need exists for well-designed randomized con
trolled trials to determine what group of participants may 
benefit the most from exercise. Along those lines, the 
dose-response effects of exercise were not a purpose 
of the current study, and when studied previously, 
did not yield any significant results. Therefore, and as 
previously recommended[5], there is a need for additional 
randomized controlled trials in order to determine the 
dose-response effects of exercise in a representative 
sample of adults with arthritis and other rheumatic 
diseases. Until that time, it would appear feasible to 
recommend that adults with arthritis and other rheumatic 
diseases progress to achieving the general guidelines 
of: (1) 150 min per week of moderate-intensity aerobic 

activity (brisk walking, etc.), 75 min per week of vigo
rous-intensity aerobic activity (water aerobics, etc.), or 
some equivalent combination of the two; (2) muscle 
strengthening exercises at least 2 d per week; and (3) 
balance exercises at least 3 d per week[52]. 

Strengths and potential limitations
The primary strength of the present investigation is 
the use of a new and innovative approach to deal with 
the issue of potential selective reporting of statistically 
significant results regarding the effects of exercise on 
depressive symptoms in adults with arthritis and other 
rheumatic diseases[15,16]. From the investigative team’
s perspective, this is important given the potential for 
selective-reporting bias and resultant overestimates of 
beneficial effects found in peer-reviewed journals[7-13]. 
Alternatively, one possible limitation is that P-curve 
excludes P values > 0.05 as well as those near 0.05. 
Consequently, P-values indicative of no effect, while 
extremely rare when a genuine effect is present, are 
omitted[16]. 

The findings of the present investigation provide 
evidential value regarding the use of exercise for reducing 
depression in adults with arthritis and other rheumatic 
conditions. Given the deleterious consequences of 
depression, exercise should be recommended as a lifestyle 
intervention for improving depressive symptoms in adults 
with arthritis and other rheumatic diseases.

COMMENTS
Background
While previous meta-analytic work has demonstrated that exercise improves 
depressive symptoms in adults with arthritis, the potential for bias, i.e., tendency 
for statistically significant and positive results to be published, continues to exist. 
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Table 1  Evidential values for changes in depressive symptoms

Statistical inference Z P

Studies contain evidential value (right-skewed) 5.28   < 0.00011

Studies lack evidential value (flatter than 33% power) 2.39 0.99
Studies lack evidential value and intensely P-hacked 
(left-skewed)

5.28 0.99

1Statistically significant (P < 0.05). Negative Z-value for right skew 
suggests that selective-reporting bias in favor of statistically significant 
results does not exist. Z: Z-value based on Stouffer’s method; P: Probability 
value.
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Figure 2  P-curve results for evidential value. Results are significantly right-
skewed (P < 0.0001), suggesting that evidential value exists that exercise 
reduces depressive symptoms in adults with arthritis and other rheumatic 
diseases. The graphed results include 15 statistically significant P-values < 
0.05. Fourteen additional results were entered but excluded from the analysis 
because of non-significance (P > 0.05).
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Figure 3  Diagnostic plot for power estimation. This figure illustrates how 
close the expected P-curve is to the observed P-curve for each level of power 
between 5% and 99%. The Y-axis is the perfect fit distance for each level 
of power. The estimated power for exercise-induced changes in depressive 
symptoms data is 69%. The solid red circle is generally lower than the other 
markers, suggesting that the power estimate is a better fit than the alternatives. 
The flatter the curve, the less confidence in the power estimate. Alternatively, a 
V-shape suggests an ideal estimate of power.
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Research frontiers
There is currently an increased interest in understanding the true effects of 
exercise on depressive symptoms in adults. 

Innovations and breakthroughs
Previous meta-analytic research has demonstrated that exercise improves 
depressive symptoms in adults with arthritis but the possibility of publication 
bias cannot be ruled out. 

Applications 
Using a novel and recently developed approach for assessing publication and 
other related biases, the results of this study provide additional confirmatory 
evidence that exercise improves depressive symptoms in adults, thereby 
providing greater confidence for practitioners when recommending exercise for 
improving depressive symptoms in adults. 

Terminology
Evidential value refers to a lack of publication bias, i.e., tendency for statistically 
significant and positive results to be published. P-curve refers to a statistical 
method that assesses whether or not publication and related biases can be 
ruled out. 

Peer-review
In this study the authors introduce a new and novel approach known as P-curve 
to determine whether selective reporting of studies exists and which does 
not require access to null results. This is a well-written article with sufficient 
justification. 
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