
diagnostics

Article

Serum Biomarkers of Inflammation and Turnover of Joint
Cartilage Can Help Differentiate Psoriatic Arthritis (PsA)
Patients from Osteoarthritis (OA) Patients
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Abstract: The aim of this study was to find characteristic biomarkers in the serum of patients with
osteoarthritis (OA) and psoriatic arthritis (PsA) responsible for inflammation and destruction of joint
cartilage, which could differentiate these two diseases. The study included 67 people: 22 patients with
knee OA, 22 patients with PsA, and 23 individuals who were the control group of healthy individuals
(HC). The concentration of IL-18, IL-20, IL-6, MMP-1, MMP-3, COMP, PG-AG, and YKL-40 in serum
were determined. Among the OA and PsA patients group, the radiological assessment and clinical
assessment were also performed. The concentration of 7 out of 8 of examined biomarkers (except
MMP-1) was statistically significantly higher in the serum of patients with OA and PsA than in
the control group. Compering OA and PsA groups only, the serum PG-AG level in OA patients
was statistically significantly higher than in PsA patients (p < 0.001). The results of univariate and
multivariate logistic regression analysis comparing OA and PsA biomarker serum levels identified
PG-AG and COMP as markers that are significantly different between patients with OA and PsA
(odds ratio 0.995 and 1.003, respectively). The ROC curve constructed using the model with age
showed PG-AG and COMP had an AUC of 0.907. The results of this study show that COMP and
PG-AG may be sensitive markers differentiating patients with osteoarthiritis from psoriatic arthritis.

Keywords: osteoarthritis; psoriatic arthritis; aggrecan; COMP; biomarkers; serum; overlapping

1. Introduction

Osteoarthritis (OA) is a progressive degenerative process occurring within the joint car-
tilage, leading to its slow destruction and dysfunction of the involved joints [1–3]. Psoriatic
arthritis (PsA), on the other hand, is a seronegative inflammatory arthropathy manifesting
itself in skin lesions and progressive inflammatory changes within the musculoskeletal
system, leading to its gradual dysfunction [4–6]. Therefore, it seems that, in the basic
approach, these are two different disease entities with different etiopathology, course, and
clinical conditions, but similar consequences. In PsA, inflammatory processes dominate,
which concern periarticular tissues: entheses amd ligaments [4–7]. In OA, the changes
are primarily degenerative, manifesting themselves mainly in the articular cartilage and
subchondral bone, gradually leading to joint dysfunction [1–3]. In PsA, joint changes are
usually asymmetric and affect several joints [4,5,8]. In OA, the degenerative changes affect
one large joint, several large joints, or the spine [1–3]. If there are typical changes in PsA,
which are additionally accompanied by characteristic skin lesions (plaque psoriasis) and
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changes on the nails (subungual hypekeratosis, pitting), then a proper diagnosis and effec-
tive treatment implementation are clear and reasonable [8]. All of this together prevents
severe and irreversible changes in the musculoskeletal system. Similarly, in an OA, if it has
a typical sign and course, the diagnosis and management for the therapeutic team is not
problematic. However, in OA, there are patients who manifest similar symptoms like PsA
patients [9]. Sometimes patients with osteoarthritis present symptoms of inflammation:
entezopathies, tendinopathies, and joints swelling [8–11]. At other times, patients with PsA
show clinical symptoms that are more indicative of changes in the joint itself and cartilage
destruction [9–11]. Moreover, the location of dominant lesions and symptoms in both
diseases might be similar [9,12]. Degenerative changes and pain in OA are often located in
the cervical spine, which also affects some patients with PsA [2,3,13]. A similar situation
exists with the peripheral form and symmetric changes in PsA, where the interphalangeal
joints of the hands are mostly involved [4,9]. A similar manifestation of these changes can
also be found in patients with OA [12]. This specific pattern of overlap between the two
disease entities may delay proper diagnosis and implementation of effective treatment [14].

There is still little information in the literature on the differentiation of OA and PsA
based on specific serum biomarkers. Therefore, it seems that the identification of specific
biomarkers for these diseases may be helpful in their early diagnosis and appropriate
treatment.

The aim of this study was, therefore, to find characteristic biomarkers in the serum of
patients with OA and PsA responsible for inflammation and destruction of joint cartilage,
which could differentiate the two diseases and their concentration in the serum would
be disease-specific. The concentration of biomarkers responsible for inflammation and
destruction of joint cartilage were analysed in the serum of PsA patients, OA patients,
and the control group of healthy individuals (HC): interleukin 6 (IL-6), interleukin 18 (IL-
18), interleukin 20 (IL-20), matrix metalloproteinases 1 and 3 (MMP-1, MMP-3), cartilage
oligomeric matrix protein (COMP), human cartilage glycoprotein (YKL-40), and aggrecan
(PG-AG). Our earlier studies and the others confirm the important role these biomarkers
may play in the etiopathogenesis of both OA and PsA [15–22]. Determination of the clinical
stage of disease expressed on a Kellgren-Lawrence scale, Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC), Index of Severity for Osteoarthritis of the
Knee (Lequesne index) for OA patients and Body Surface Area score (BSA), Psoriasis Area
and Severity Index (PASI), Dermatology Life Quality Index (DLQI), and the number of
painful (TJC) and swollen joints (SJC) for PsA patients was also conducted [23–32].

2. Materials and Methods

Sixty-seven people were enrolled in the study including 22 patients with OA, 22 patients
with PsA, and 23 individuals who were the control group of healthy individuals (HC). In
the OA group, based on clinical examination and the American College of Rheumatology
criteria, the diagnosis of osteoarthritis of the knee joint was made [33]. The main inclusion
criteria in this group were the clinical and radiological changes of OA of the knee in 2nd, 3rd,
and 4th stage of the Kellgren-Lawrence scale [27]. The main exclusion criteria in this group
were history of immunological diseases (rheumatoid arthritis—RA, PsA, Crohn’s disease),
neoplastic diseases, and recent or past significant knee joint injuries. In the PsA group, based
on the clinical examination and the Classification of the Psoriatic Arthritis Study Group
(CASPAR) criteria, the diagnosis of psoriatic arthritis was made [34]. All the PsA patients
presented simultaneously with moderate plaque psoriasis. Most PsA patients (80%) had an
asymmetric type of the disease and involvement of few joints. In 45% of them, nail changes
(subungual hyperkeratosis, pitting) were observed. In 20% of the patients, we diagnosed
a symmetrical form of PsA with nails involvement in all the cases. The main exclusion
criteria in this group were: a history of past or present immunological diseases (RA, Crohn’s
disease), neoplastic diseases, and present or recent (6 months before) anti-TNFα treatment.

The patients were qualified for the study at the Orthopaedic Outpatient Clinic, Depart-
ment of Arthroscopy, Minimal Invasive Surgery and Sport Traumatology (OA group) before
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the knee replacement surgery or other arthroscopic cartilage repair and at the Department
of Dermatology and Venereology (PsA group).

The control group consisted of persons corresponding to age and gender distribution
for the study group, in whom no clinical and radiological symptoms of degenerative
disease nor features of psoriasis and arthritis were found and no other criteria were found
to exclude them from the study.

All patients and control group members gave their informed and written consent to
participate in the study. The study was conducted in accordance with the Declaration of
Helsinki, and the protocol was approved by the local Bioethics Committee of the Medical
University of Lodz, Lodz, Poland (consent no.: RNN/36/06/KB; 21.02.2006).

2.1. Clinical Assessment OA Group

The clinical evaluation of patients and the stage of disease progression was based
on the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and
LEQUESNE Index of Severity for Osteoarthritis of the Knee [23–26]. On the basis of
radiological examinations, the degree of radiological advancement of the knee osteoarthritis
was assessed using the criteria described by Kellgren I Lawrence [27].

2.2. Clinical Assessment PsA Group

The Body Surface Aresa score (BSA), Psoriasis Area and Severity Index (PASI), and
Dermatology Life Quality Index (DLQI) as well as 68 tender and 66 swollen joint count (TJC,
SJC) were used in the clinical assessment of patients and the severity of the disease [28–32].

2.3. Determination of the Biomarker Levels of Inflammation and Cartilage Turnover in Serum

Subsequently, IL-6, IL-18, IL-20, MMP-1, MMP-3, COMP, YKL-40, and PG-AG serum
concentration measurements were performed with enzyme-linked immunosorbent assay
(ELISA) kits in the OA and PsA study group as well as a HC (healthy control) group. Pe-
ripheral blood samples were collected from each patient in the morning, then centrifuged,
and serum samples were collected to 1.5-mL eppendorfs, which were then sealed, frozen,
and stored at −80 ◦C for further immuno-enzymatic testing. Serum activity measurements
were performed with enzyme-linked immunosorbent assay (ELISA) kits from R&D Sys-
tems Europe, Ltd, Abingdon, UK (IL-6, IL-18, IL-20, MMP-1, MMP-3), BioVendor GmbH,
Heidelberg, Germany (COMP), Metra Quidel, San Diego, CA, USA (YKL-40), BioSource
Europe S.A., Nivelles, Belgium (PG-EASIA), according to the manufacturers’ instructions.
The minimum detection level has been determined: 0.7 pg/mL for IL-6, 4.57 pg/mL for
IL-18, 16.6 pg/mL for IL-20, 0.095 ng/mL for MMP-1, 0.045 ng/mL for MMP-3, 0.4 ng/mL
for COMP, 10 ng/mL for YKL-40, and 0.9 ng/mL for PG-AG. The same activities (blood
collection, centrifugation, freezing, and storage) were performed in the control group,
which was followed by the same immuno-enzymatic assays as in the study groups using
appropriate ELISA test kits (R&D Systems, BioVendor, Metra Quidel, BioSource). Serum
samples in the OA group were collected at the time of knee replacement surgery or other
arthroscopic cartilage repair and during the clinical evaluation in PsA and HC groups.

The PG-AG concentration in the HC (healthy control) group was not determined for
technical error at the time of laboratory assessment.

2.4. Statistical Analysis

Baseline characteristics of participants including age and laboratory findings were
presented as means with standard deviations. Distribution of continuous variables was
evaluated using the Shapiro-Wilk test. Due to several violations of normality testing to
compare more than two groups of the Kruskal-Wallis ANOVA with a suitable post-hoc
(Dunn’s) test was used. To identify whether each biomarker could differentiate between
patients with OA and PsA univariate and multivariate logistic regression was used (OA = 0,
PsA = 1) with age adjustment. In the first step, the regression model containing age and
each biomarker as a covariate was calculated. Markers having p ≤ 0.2 were entered into a
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multivariate model with backward elimination [35,36]. The performance of multivariate
regression was evaluated using goodness-of-fit statistics (Cox-Snell’s, Nagelkerke’s R2).
Discriminative ability was assessed by receiver operating characteristic (ROC) curves based
on the multivariate models. A p value below 0.05 was deemed significant. Analyses were
made using Statistica 13 and GraphPad 8 software.

3. Results

Finally, 67 people were enrolled in the study: 22 patients with OA, 22 patients with
PsA, and 23 individuals who were in the control group of healthy individuals (HC). There
were no statistically significant differences between the two groups in terms of age and
gender (Table 1).

Table 1. Demographics, diseases characteristics, and serum biomarker levels in studied groups.

Variable OA (n = 22) PsA (n = 22) HC (n = 23) p-Value *

Age (years) 62.23 ± 12.16 52.82 ± 6.02 54.71 ± 7.40 0.108
Gender (female/male) 11/11 12/10 12/11 0.9554
Disease duration (yeas) 12.9 ± 6.4 14.2 ± 7.2 N/A -

Kellgren-Lawrence
Grading (0–4) 3 (2–4) N/A N/A -

WOMAC score (0–100) 46.42 ± 8.93 N/A N/A -
Lequesne index (0–24) 10.31 ± 2.29 N/A N/A -

PASI (%) N/A 16.53 ± 3.93 N/A -
DLQI N/A 13.87 ± 2.13 N/A -

BSA (%) N/A 26.47 ± 8.41 N/A -
CRP (mg/L) N/A 9.48 ± 8.54 N/A -

TJC + SJC N/A 10.56 ± 2.53 N/A -
MMP-1 (ng/mL) 4.83 ± 2.43 4.29 ± 2.23 7.33 ± 3.89 0.003
MMP-3 (ng/mL) 23.06 ± 28.55 22.95 ± 18.72 8.99 ± 3.08 <0.001
PG-AG (ng/mL) 4689.32 ± 518.47 3828.7 ± 603.01 N/A <0.001

IL-6 (pg/mL) 7.01 ± 20.52 4.48 ± 4.61 5.61 ± 2.45 <0.001
IL-18 (pg/mL) 106 ± 189.76 54.34 ± 56.64 16.73 ± 17 0.001

YKL-40 (ng/mL) 86.23 ± 71.58 68.03 ± 30.21 46.06 ± 19.41 0.003
IL-20 (pg/mL) 17.8 ± 13.13 14.51 ± 13.87 8.9 ± 8.5 0.011

COMP (ng/mL) 2315.61 ± 715.4 2683.91 ± 453.07 862.58 ± 441.31 <0.001

Data presented as means with standard deviations (±SD). Kellgren-Lawrence Grade: the value is given as a median with an interquartile
range. * p-value refers to the comparison between all three groups using Kruskal-Wallis ANOVA. Detailed results of post-hoc testing are
shown in Figure 1. N/A—data not applicable.

In a further analysis, we found a statistically significant increase in the serum concen-
tration of 7 out of 8 examined biomarkers of inflammation and destruction of joint cartilage
in the examined patients compared to the control group (Table 1, Figure 1). This significance
was observed in both OA and PsA patients (Table 1, Figure 1). The serum concentration of
MMP-1 in patients from the control group (HC) was statistically significantly higher than
in patients with OA and PsA. Comparing the groups of patients with OA and PsA, the
results showed that only the assessment of the PG-AG level in the serum of the examined
patients showed statistically significant differences within these two groups of patients
(Figure 1). Serum PG-AG level in OA patients was statistically significantly higher than in
PsA patients (p < 0.001, Figure 1).
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In our study, we found two markers differentiate patients with OA from patients
with PsA. The results of univariate and multivariate logistic regression analysis comparing
OA and PsA biomarker serum levels are presented in Table 2. PG-AG and COMP were
identified as markers that are significantly different between patients with OA and PsA
(odds ratio 0.995 and 1.003, respectively). The ROC curve constructed using the model with
age, PG-AG and COMP had an AUC of 0.907 showing that combination of both biomarkers
is sensitive and a specific diagnostic tool in differentiation between OA and PsA (Figure 2).
Goodness-of-fit statistics (Cox-Snell’s and Nagelkerke’s R2) and Hosmer-Lemeshow test
(p = 0.714) indicate that a constructed model explains more than 45% of the variability of
input data (Table 3). Obtained results are suggesting that increased levels of the PG-AG
and COMP are associated with the presence of PsA when compared to patients with OA.

Table 2. Results of univariate and multivariate logistic regression analyses comparing serum levels of OA to PsA.

Biomarker
Univariate Multivariate

OR (95% CI) p-Value OR (95% CI) p-Value

MMP-1 0.925 (0.702–1.218) 0.579 - -
MMP-3 0.999 (0.973–1.025) 0.915 - -
PG-AG 0.997 (0.995–0.999) 0.007 0.995 (0.991–0.999) 0.023

IL-6 0.982 (0.925–1.043) 0.555 - -
IL-18 0.997 (0.990–1.004) 0.419 - -

YKL-40 0.996 (0.984–1.009) 0.561 - -
IL-20 0.967 (0.911–1.027) 0.277 - -

COMP 1.001 (1.000–1.002) 0.124 1.003 (1.000–1.005) 0.026
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Table 3. Multivariate logistic regression goodness-of-fit statistics.

Statistic Value

−2 Log(Likelihood) −11.511
Cox-Snell’s R2 0.480

Nagelkerke’s R2 0.652

4. Discussion

For many years, it was believed that the etiology of OA and PsA was completely
different. OA are characterized by degenerative processes, whereas PsA are dominated
with periarticular inflammatory changes [1–7]. However, recent years have shown that
there are many common features between the two diseases [9–12,14,37]. Moreover, in many
cases, the course of OA is unusual, with inflammatory processes dominating. In some cases,
PsA degenerative changes without clear evidence of inflammation dominate. It seems that
there are even more factors that make the two diseases similar to each other, and their
differentiation may be difficult. In addition to the similar clinical symptoms, certain risk
factors are common to OA and PsA. Obesity may be a risk factor for both OA (as is more
commonly known) and PsA [38–40]. The peak incidence of both of these diseases occurs
at the turn of the fifth and sixth decade of life, especially among women, which is related
to hormonal changes [4,41]. Post-traumatic damage to periarticular tissues and cartilage
may also lead to the development of both OA and PsA [14,42]. The similar symptoms and
course of these two diseases may lead to diagnostic problems, delayed treatment, or even
ineffective treatment.

Therefore, if the clinical picture, risk factors, and course of the disease in certain
situations can make a correct diagnosis difficult, there may be biomarkers that, being
specific to OA or PsA, can help differentiate between the two diseases?

In this paper, we tried to answer the question whether there are biomarkers in the
serum of OA and PsA patients, which, while participating in inflammatory processes and
destruction of articular cartilage, can be both disease-specific and differentiate one from
another.

The analysis of the results showed a statistically significant increase in the level of
seven out of eight examined markers in the serum of OA and PsA patients as compared
to the control group of healthy individuals (Table 1, Figure 1). However, further analysis
of the results showed no statistically significant differences in the examined markers of
inflammation and destruction of articular cartilage between OA and PsA patients except
PG-AG concentration (Table 1, Figure 1).

Our earlier studies confirm the important role these biomarkers play in the etiopatho-
genesis of both OA and PsA [15–17]. Our previous observations in OA patients indicate
that IL-18 potentially mediates mainly in intra-articular processes and is responsible for
the destruction of joint cartilage. IL-20 could be primarily responsible for the systemic
inflammatory reaction [16]. Those observations have also shown that IL-20, but also COMP,
YKL-40, and MMP-3, may be a sensitive marker in the diagnosis of osteoarthritis [16]. In
turn, our previous studies among patients with PsA indicate the important role of IL-18,
COMP, and MMP-3 in the etiopathogenesis of PsA and that these biomarkers may be a
sensitive marker of this disease [15,17].

However, no marker considered and analysed separately differentiates one disease
(OA) from another (PsA). It was only univariate and multivariate logistic regression analysis
comparing OA and PsA biomarker serum levels that has shown that PG-AG and COMP
were identified as markers significantly different between patients with OA and PsA
(Table 2). The ROC curve constructed using the model with age, PG-AG, and COMP
showing that combination of both biomarkers is sensitive and a specific diagnostic tool
in differentiation between OA and PsA (Figure 2). Similar observations were made by El-
Arman et al. [43]. They also showed statistically significant elevation of COMP and PG-AG
levels in serum and synovial fluid (SF )in patients with OA of the knee [43]. In addition,
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the studies of Chandran at al. indicate that COMP and also MMP-3 show increased serum
activity in PsA patients and may be a sensitive marker differentiating PsA and Ps patients
from healthy individuals and MMP-3 itself is specific to PsA [44,45]. It seems that previous
studies indicate that both PG-AG and COMP clearly reflect changes in joint cartilage of
PsA and OA patients [43–45]. Moreover, these studies and ours may indicate that the
differences in serum concentrations of these biomarkers are too small to be sensitive and
specific markers of the diseases are discussed separately.

An interesting observation was also made by Chandran and colleagues in their paper
on the participation of selected biomarkers in the pathogenesis of PsA and OA [37]. Their
results of multivariate logistic regression analysis comparing PsA and OA serum levels
have shown that COMP, resistin, MCP-1, and nerve growth factor (NGF) were identified as
markers that were significantly different between patients with PsA and OA [37]. Their
ROC curve constructed using the model with age, sex, and the four biomarkers (COMP,
resistin, MCP-1, NGF) had an AUC of 0.9984 [37].

Our observations, therefore, confirm the findings from previous studies [14,37] that,
sometimes, patients with PsA and OA may form very homogeneous groups, especially
in terms of the course of the disease process and its symptoms. This may be reflected in
the serum activity of tested biomarkers in OA and PsA patients. The homogeneity of the
studied groups indicates that, in case of scanty and uncharacteristic clinical symptoms, the
differentiation between the two diseases does not always have to be clear and simple. Our
observations, also from previous publications, indicate that the activity of inflammatory
processes and destruction of the articular cartilage may be similar in both groups of
patients [15,16] and selective consideration of their activity does not allow for differentiation
between the two diseases. Only the multivariate logistic regression analysis of the studied
biomarkers allowed us to indicate those that distinguish OA from PsA (Table 2).

In our analysis, out of the eight markers studied, only two markers (COMP and
PG-AG) proved to be specific and useful in differentiating PsA patients from OA patients.
However, only univariate and multivariate logistic regression analysis comparing OA
and PsA biomarker serum levels allows us to draw this conclusion. Although the serum
concentration of PG-AG in OA patients was statistically significantly higher than in the
PsA group, when taken individually, it does not allow for sensitive differentiation between
the two diseases. Only a combined analysis of the serum concentrations of PG-AG and
COMP in PsA and OA patients, using the model with age, PG-AG, and COMP, allows
us to obtain a tool to differentiate between the two diseases. Previous studies indicate
that both PG-AG and COMP clearly reflect changes in joint cartilage of PsA and OA
patients [43–45]. The results from these studies and ours may indicate that the differences
in serum concentrations of these biomarkers are too small to be sensitive. Specific markers
of the diseases are discussed separately. Recent studies by Chandran et al. also indicate
that only a panel of four biomarkers are analyzed together (COMP, resistin, MCP-1, NGF),
which can be a sensitive indicator differentiating PsA from OA [37].

Observations from our work and previous ones may also suggest that the overlapping
syndrome in PsA may be more frequent than previously thought [17,37,44,45]. It seems
possible that there may be more patients with psoriasis and OA in the group of PsA patients
who do not respond to biological treatment. Therefore, it seems advisable to continue the
research among two groups of PsA patients: responders and non-responders (biological
treatment) and to determine their serum biomarkers profile, which could differentiate these
two groups of patients. It is possible that this profile of non-responders may be similar to
that of OA patients. These assumptions could completely change the approach to study
design on evaluation of biomarkers, which differentiate PsA and OA patients.

However, our work has several limitations. The first of them is a relatively small
number of patients in groups. These studies, however, are preliminary, but already indicate
the advisability of their continuation. The authors of the publication continue their research
by extending the group of patients qualified for analysis. It also seems appropriate to
analyze the studied biomarkers in serum and synovial fluid simultaneously. This would
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allow us to draw wider and more objective conclusions. It is also advisable in the future
to perform a wider range of immuno-enzymatic studies with determination of activity
of other biomarkers involved in inflammatory, cartilage, and bone destruction changes.
The other weak point of our study is lack of determination of the serum level of PG-AG
in the HC group. The reason for that was a technical error in the laboratory performing
our measurements. Due to a lack of sufficient HC serum samples of HC group, we were
unable to take new measurements. There is little information and studies available on
the evaluation of serum PG-AG levels in OA and PsA patients with respect to the value
of this biomarker in healthy volunteers. Data from available studies indicate that there
are statistically significant differences between the serum PG-AG levels of OA and PsA
patients and healthy people [43,46–48].

We are also aware that, although the group of patients with OA was quite homoge-
neous, mainly with stage 3 and 4 of OA changes, the previous treatment (non-steroid-anti-
inflammatory drugs, visco-supplementation) may have influenced the final results. The
group of PsA included patients in different stages of the disease with different disease du-
rations. This could also have affected the final results, but, due to the size of the examined
group, we could not reliably assess the impact of the duration of symptoms on the serum
level of the examined markers.

Undoubtedly, further studies on the markers we have identified, in larger patient
groups, are needed to make the results more reliable and objective. This will provide a help-
ful tool for diagnosing patients with unclear, overlapping images of OA and PsA lesions
and may reduce the proportion of PsA patients not responding to biological treatment.

5. Conclusions

The results of this study show that COMP and PG-AG may be sensitive markers
differentiating patients with osteoarthritis from psoriatic arthritis.
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Abbreviations
OA osteoarthritis
PsA psoriatic arthritis
HC healthy control group
IL-18 interleukin-18
IL-20 interleukin-20
IL-6 interleukin-6
MMP-1 metalloproteinase-1
MMP-3 metalloproteinase-3
COMP cartilage oligomeric matrix protein
PG-AG aggrecan
YKL-40 human cartilage glycoprotein
DIP distal interphalangeal joint
PIP proximal interphalangeal joint
WOMAC Western Ontario and McMaster Universities Osteoarthritis Index
Lequesne Index Index of Severity for Osteoarthritis of the Knee
BSA Body Surface Area
PASI Psoriasis Area and Severity Index
DLQI Dermatology Life Quality Index
TJC the number of tender joints
SJC the number of swollen joints
MCP-1 monocyte chemoattractant protein-1
NGF nerve growth factor
ROC receiver operating characteristic curve
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