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Abstract. Background. Rheumatoid arthritis (RA) is characterized by synovial membrane inflammation that
results in joint damage. Many earlier studies have measured cytokines for a better diagnosis of RA. In the present
study, three bone biomarkers [osteopontin, stromelysin-1 (MMP3), and vascular endothelial growth factor-A
(VEGF)] are examined for their ability to estimate the severity of disease by using artificial neural network (NN)
analysis and binary logistic regression analysis. Methods. The study enrolled 87 RA patients and 44 healthy control
subjects. The biomarkers were measured by the enzyme-linked immunosorbent assay technique. Disease Activity
Score (28 joints) and C-reactive protein (CRP) (DAS28-CRP) was calculated by using DAS28-CRP calculator.
The patients with DAS28-CRP > 5.1 are considered as having high disease activity (HDA). While patients’ group
with DAS28-CRP < 5.1 are considered as moderate disease activity (MDA). The neural network (NN) analysis was
used for the differentiation between groups. Results. Results showed that the most sensitive predictor for high disease
activity (HDA) of RA is MMP3, followed by osteopontin and VEGEF. These three biomarkers can differentiate
significantly between HDA and MDA with a relatively high size effect (Partial n> = 0.323, p < 0.001). The HDA
group has a significantly higher MMP3, CRP, RF, and anti-citrullinated protein antibodies (ACPA) than the MDA
group. MMP3 is strongly associated with two inflammatory indicators; CRP and ESR. Conclusion. There was
a significant elevation in the serum level of MMP3 in RA patients with HDA compared to the MDA and control
groups. High DAS28, RF, CRP, and ACPA were found in HDA patients compared with the MDA group. The use
of the NN analysis indicated that the measured biomarkers help predict the HDA state in RA patients. MMP3 and
osteopontin are diagnostic biomarkers for the severity of RA and are related to many disease-related characteristics
with a sensitivity of 88.9% and specificity of 68.4%.
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MCNOJIb30BAHMUE PSAA LUTOKMHOB, ACCOLIMUMPOBAHHbIX C KOCTHOW TKAHbIO,

B KAYHECTBE NPEOAUKTOPOB TA>XXECTU PEBMATOUAHOIO APTPUTA NP NOMOLLIN
HEWPOCETEBOIO AHAJIU3A

Canex P.O.!, Maxmyn JI.A.2, Moxammen M.A.3, Anb-Pasu X.®.4, Anb-Xakeiim X.K.5
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Pestome. Hcmopus eonpoca. PeBMatonaHbiii apTput (PA) xapakTepu3syeTcs: BocraJeHHeM CHHOBUAIbHON 000I04KH,
MIPUBOISIIETO K ITOBPEX ICHUIO CycTaBOB. MHOTHE OoJice paHHME UCCIeI0BaHN I OLIEHMBAJIN YPOBEHD IIUTOKMUHOB JIJTSI
yIydIIeHus fuarHocTuku PA. B HacTosIieM rccaemoBaHWM I OLIEHKH TSKECTH 3a00JIeBaHUS C UCIIOIb30BaHUEM
HEUPOHHOI CeTH W OMHAPHOTO JIOTMCTMIECKOTO PETPECCUOHHOTO aHaIM3a OB MUCCIeAOBAHBI TPU KOCTHHIX OMO-
Mapkepa: OCTEeOTOHTHH, cTpomenusut-1 (MMP3) u daxrop pocra sugorenus cocynos A (VEGF). Memodw:. B uc-
CJe0BaHUY NMPUHSLIU yuacTue 87 00abHbIX PA 1 44 310pOBbIX YesloBeKa KOHTPOJBHOM IPYIIIbl. YPOBEHb OUOMAap-
KEepOB OMpeesyii METOA0OM UMMYHOGhEpPMEHTHOTo aHanu3a. [lokazaTesb aKTUBHOCTH 3a0oJieBaHU (28 CycTaBOB)
u C-peaxktuHbliii 6e10k (CRP) (DAS28-CRP) paccuntbhiBanu ¢ nomoibio DAS28-CRP-kanbkyastopa. [TaueHTsI
¢ DAS28-CRP > 5,1 cuuraroTcs MMEIOIIMMU BHICOKYI0 aKTUBHOCTB 3a60sieBaHus (BA3), B To Bpems kak mpu DAS28-
CRP < 5,1 3aboneBaHue paclieHUBaeTcs Kak ymepeHHo akTuBHoe (YA3). HeiipoceTeBoit aHaIM3 UCIIONIb30BAJICS TSI
nuddepeHIMaluy MeXay rpynnaMu. Pe3yismamor. Pe3ynabTaThl UCCIeA0OBaHUS MTOKa3aaM, YTO Hauboaee YyBCTBU-
TeJbHBIM MPEIUKTOPOM BbICOKOI akTUBHOCTU 3a00eBaHus (HDA) PA sBiasgerca MMP3, 3a KOTOpBIM CIeIyIOT OCTe-
onoHTH U VEGF. DTu Tpn 6uomapkepa MoryT cyuiecTBeHHO nuddepenumuponatb HDA u MDA ¢ oTHOCHUTENbHO
BBICOKOI 3¢ (ekTUBHOCTBIO (4acTUuHbIM N2 = 0,323, p < 0,001). I'pynmna ¢ BA3 nuMeeT 3HaunTeIbHO 00JI€€ BBICOKMI
ypoBenb MMP3, CRP, RF u antuten x nurpyummaupoBanomy 0eiky (ACPA), yem rpymma ¢ YA3. MMP3 tecHo
cBsI3aH ¢ ABYMsI mHanKatopamu BocraneHus: CPb u COB. Buigodsr. OTMeUan0Cch 3HAUNTEIHHOE TIOBHIIIICHUE YPOBH S
MMP3 B chiBopoTKe KpoBU 1 ypoBHeill y manueHToB ¢ PA ¢ BA3 mo cpaBHeHUIO ¢ Tpymnmoit ¢ YA3 U KOHTPOJBHOIA
rpynmnoii. Beicokue yposau DAS28, RF, CRP 1 ACPA 6111 06HapyXeHbl y TaiiueHToB ¢ BA3 1o cpaBHeHUIO ¢ rpyn-
ot nanreHToB ¢ YA3. Mcnonb30BaHMEe HEHPOCETEBOrO aHAIM3a OKA3aJ10, YTO U3MEPEHHbIe OMOMapKephbl TOMOTAIOT
nporHo3upoBaTh BA3 y mauneHToB ¢ PA. MMP3 1 0cT€ONOHTUH SBISIIOTCSI IMarHOCTUYECKUMU OMOMapKepaMu TsI-
KecTH 3a60meBaHus PA ¢ 4yBCTBUTEBHOCTBIO 88,9% 1 crielinduaHOCThIO 68,4% M CBSI3aHBI CO MHOTUMU XapaKTepH-
CTUKaMU 3a00JIeBaHUS.

Karouesole caoea: pesmamouduslii apmpum, gocnaienue, Heiipocemegoii anaau3s, cmpomeausun-1, ACPA, ocmeononmun.

57], trace elements [1], adipokines [35] and various
impacts of autoantibodies on joint inflammation and

Background

Rheumatoid arthritis (RA) usually begins be-
tween the ages of 30 and 50 years old. Women, smok-
ers, and those with a family history of the disease
are at higher risk. It causes discomfort and stiffness
in various joints, most commonly the wrists, proxi-
mal interphalangeal joints, and metacarpophalangeal
joints. RA rarely affects the distal interphalangeal
or lumbar spine. Patients may also have weariness,
weight loss, and anemia [55]. RA is an autoimmune-
inflammatory illness that often affects females and
older individuals. It is characterized by joint discom-
fort that develops with time as a result of an autoim-
mune-inflammatory response [34]. Despite the fact
that the cause of RA is yet unknown, a set of environ-
mental and genetic aspects is attributed [54]. A num-
ber of parameters have been evaluated as potential
predictors of RA diagnosis, prognosis, or follow-up
of RA disease. Because RA is characterized by an
inflammation of the synovial membrane that leads
to the reduction and destruction of joints [3, 36],
adhesion molecules, soluble mediators, pro-inflam-
matory and anti-inflammatory cytokines [33, 53,

internal organ dysfunction, as well as structural ab-
normalities, are known [14]. Since the findings of the
majority of criteria are not completely clear and de-
finitive, the estimation of various inflammation-re-
lated cytokines continues to be an attractive subject
of research. In the present work, the study focused
on some of the less studied cytokines in RA includ-
ing osteopontin (OPN), Stromelysin-1 (MMP3), and
the vascular endothelial growth factor-A (VEGF).
An OPN-rich extracellular matrix is present in min-
eralized tissues and extracellular fluids, especially at
sites of inflammation [15, 61], where OPN combines
osteoclasts and hydroxyapatite to enhance bone re-
sorption [18]. In mice modeled with rheumatoid ar-
thritis, OPN plays a critical role in the destruction
of articular cartilage by promoting angiogenesis and
inducing apoptosis in chondrocytes [60]. Earlier re-
search showed a correlation between elevated levels
of OPN and serum levels of inflammation mark-
ers, an increase in monocyte inflammatory mol-
ecules [63], and the number of T-helper 17 cells in the
synovial fluid of RA patients [6, 37]. Furthermore,
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in people with RA, plasma OPN was thought to be
a biomarker of inflammatory bone damage [20].
Numerous studies have indicated that the OPN and
its receptors, play key roles in RA pathogenesis [62].

The MMP3 enzyme is involved in the degradation
of cartilage and bones and the destruction of extracel-
Iular matrix components in RA [41]. MMP3 level has
been elevated in the synovium of RA patients where
MMP3 concentration is around 250 times higher [7,
42]. A high MMP3 level correlates with the number
of affected joints [59], and it could be used as a bio-
marker for both the diagnosis and the progress of the
disease [7, 25]. MMP3 may be a biomarker for the dis-
ease, and it helps to break down extracellular matrix
proteins in RA as the disease progresses. [39]. Serum
levels of MMP3 were a sign of RA disease activity,
bone and joint damage, medication susceptibility,
and the outcome of the disease [25, 27]. After these
findings, several researchers have recommended
MMP3 testing as part of a routine examination to be
used in conjunction with RA therapy choices [25].

There is an abundant expression of VEGF in syn-
ovial fluid and serum of RA patients [22] [58], which
plays a key role in pannus formation and main-
tenance [58]. Patients with RA have high levels
of VEGF in their blood and synovial fluid [58], which
aids in the growth of blood vessels and their absorp-
tion by the synovial lining membrane in RA [31].
In a meta-analysis, significantly higher circulating
VEGTF levels in patients with RA were identified, and
levels of VEGF are positively correlated with disease
activity in RA [24]. The present study aims to use
the abovementioned biomarkers (OPN, MMP3,
and VEGF). in the current study to test the ability
to differentiate between high disease activity (HDA)
the moderate disease activity (MDA) of RA disease
by using the artificial neural network analysis (NN)
and binary and multivariate logistic analysis.

Methods

Participants. Eighty-seven RA patients (37 males
and 50 females) and 44 age-matched healthy con-
trol subjects (18 males and 26 females) were re-
cruited in the present case-control study. The sam-
ples were collected from the Ramadi Teaching
Hospital in the Governorate of Anbar in Iraq, from
June 2020 to January 2021. The European League
Against Rheumatism and the American College
of Rheumatology guidelines were used to diagnose
RA in diseased subjects [2]. According to these di-
agnosis criteria, each patient should have a score > 6
based on the amount and location of painful joints,
favorable serologic findings (anti-citrullinated pro-
tein antibodies (ACPA) and rheumatoid factor (RF)),
high C-reactive protein (CRP) and erythrocyte sedi-
mentation rate (ESR)), and duration of RA symp-
toms. These criteria were found to be more accurate
in predicting the likelihood of RA and have a higher

specificity [9]. The clinical characteristics and soci-
odemographic data of all study subjects have been
collected. Body mass index (BMI) was calculated by
dividing subjects’ body weight (kilograms) by their
height squared (squared meter).

The Disease Activity Score was calculated by
using (DAS28-CRP) calculator available online at
https://www.mdcalc.com/disease-activity-score-
28-rheumatoid-arthritis-crp-das28-crp. We  di-
vided patients into those with HDA when DAS28-
CRP > 5.1 and those with MDA when DAS28-
CRP < 5.1 [52]. The institutional review board (IRB)
of the University of Anbar supplied the ethical ap-
proval of the study (Document number 211C/2020),
which complied with the “International Guideline
for Human Research” guidelines established by
the Declaration of Helsinki. A thorough medical
profile was taken on all participants to rule out any
existing systemic disorders that may affect the results
of the studied parameters, especially diabetes mel-
litus, liver and kidney diseases, and cardiovascular
incidents. The first step to ensure the work’s qual-
ity is to recruit patients who have no kidney prob-
lems. All patients had normal urea and creatinine.
These results are important to exclude any excretion
of small-molecular weight proteins by diseased kid-
neys. Subjects that smoked were also excluded from
the study.

Power analysis, using a 2-tailed test at oo = 0.05
and assuming an effect size of 0.5 with a power
of 0.80, shows that the required sample size is 127 par-
ticipants as calculated by the sample size calculator
(https://www.ai-therapy.com/psychology-statistics/
sample-size-calculator). Therefore, we used more
than the calculated number (131 subjects). The sam-
ple size analysis was accomplished according to the
equations and principles mentioned in Fahim et al.
(2019) [11]. Patients were included by a convenience
sampling technique.

Measurements. Five milliliters of venous blood
were extracted without a tourniquet from all subjects,
after overnight fasting, and centrifuged at 3000 rpm
for 15 minutes after full clotting. Sera were separated
and stored at —80°C until they were analyzed. Based
on the latex agglutination concept, sesrum CRP and
RF were assessed using semi-quantitative Kits pro-
vided by the Spinreact® Co., Girona, Spain. Kits sup-
plied by Hotgen Biotech Co., Ltd., Beijing, China,
were used to conduct a semi-quantitative ACPA ex-
amination. Sandwich ELISA assay kits provided by
Mybiosource®, Inc., CA, USA, were used to assess
serum MMP3, OPN, and VEGF. All of the kits’ in-
tra-assay coefficients of variance were less than 10%.
The sensitivities of the ELISA kits were OPN < 0.1 pg/
ml, MMP3 < 0.068 ng/ml, and VEGF < 1 pg/ml.

Statistical analysis. Kolmogorov—Smirnov test
revealed that all biomarker findings were normally
distributed. As a result, all data are provided in terms
of mean and standard deviation. To compare meas-
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ured variables across categories, the analysis of vari-
ance (ANOVA) test was performed. While the Chi-
square (2) test was employed to determine the statis-
tical significance of the difference between nominal
variables. Pearson’s correlation analysis was utilized
to evaluate correlations between biomarkers and
clinical and demographic variables. We used Point-
Biserial Correlation Analysis to analyze the cor-
relation between dichotomous variables (CRP, RF,
and ACPA) and continuous variables (biomarkers).
The “multivariate general linear model” (GLM) was
used to examine associations between RA severity
and measured biomarkers while adjusting for con-
founding factors such as age and BMI. The influence
of each biomarker on the severity of rheumatoid ar-
thritis was then determined using a between-subject
effects test. The partial eta-squared (n?) effect size
was used in the study. Based on the levels of the bio-
markers, various z-unit weighted scores were deter-
mined. The essential biomarkers that predict indeed
observed biomarkers were evaluated using multiple
regression analysis. We have used NN processing
to evaluate the predictability of the existence of RA
in a subject using input variables and biomarkers.
This analysis used an artificial feedforward model

of two hidden layers of mini-batch training and gra-
dient descent. The stopping criteria were one suc-
cessive move with no further decrease in the error
expression. The research sample was split into three
categories: training, testing, and holdout. The refer-
ence for the correlation coefficient is the values that
are not due to the chance at p < 0.05. The correla-
tion coefficient was regarded as low when it ranged
from 0.10 to 0.29, moderate when it ranged from 0.30
to 0.49, and high when it ranged from 0.50 to 1.0 [8].
Area under the curve (AUC) cut-off value should be
more than 0.5. The tests are two-tailed, with a statis-
tical significance level of 0.05. The IBM SPSS pack-
age for Windows 10, Version 25, 2017, IBM Corp.,
New York, USA was used for biostatistical analysis.

Results

Demographic and clinical biomarkers. The results
in Table 1 showed the demographic details of RA pa-
tients in comparison with those of healthy controls.
There were no statistically significant variations
in BMI or age between the groups. Table 1 also indi-
cates that serum MMP3, RF, CRP, and ACPA levels
were substantially higher in RA patients compared

Table 1. The clinical and demographic data in high disease activity (HDA) rheumatoid arthritis patients and
moderate disease activity (MDA) and healthy controls (HC)

Variables HC? (n = 44) D:‘S=<354')13 D&szzssé;c F/? p
Age, years 48.41£5.26 48.09+5.25 49.72+6.01 1.084 0.341
Sex (Male/Female) 18/26 13/21 24/29 1.147 0.292
MIB, kg/m? 24.38+2.90 25.70+2.86 25.59+3.19 2.533 0.083
DAS28 N/A 3.81£0.79C 7.70+0.74® 185.254 < 0.001
MMP-3, ng/ml 11.50+5.018¢ 17.31+£8.20A¢ 22.29+9.7678 21.712 <0.001
VEGF, pg/ml 202.97+56.358¢ 128.92+42.82* 132.29+45.35 31.941 <0.001
OPN, ng/ml 3.03+1.20¢ 3.82+1.66 4.25+1.87* 6.897 0.001
Disease duration, years 08¢ 12.65+4.71* 11.06+5.13% 123.133 <0.001
CRP -/+ 44/08° 29/5A¢ 19/3478 52.305 <0.001
RF -/+ 44/08° 28/6"C 20/33*8 47.806 <0.001
ACPA —/+ 44/08° 28/6A¢ 20/33*8 47.806 < 0.001

Notes. A, B, C: pair-wise comparisons (when a letter written on a number, it means that this number is significantly different from the values

of the column that contain the letter over the column title), BMI: Body mass index, DAS28: Disease Activity Score-28, MMP3 (Stromelysin-1): Matrix
metalloproteinase-3, VEGF: Vascular endothelial growth factor, RF: rheumatoid arthritis, CRP: C-reactive protein, ACPA: and anti-citrullinated protein
antibodies, and OPN: osteopontin. The difference is considered significant when p <0.05.

Table 2. The results of multivariate GLM analysis examining the differences in biomarkers between RA
patients divided into those with high disease activity (HDA) and moderate disease activity (MDA)

Tests Dependent variables Explanatory variables p Partial n2

Severity (HDA vs MDA) <0.001 0.323

L ) Sex 0.352 0.102
Multivariate All 3 biomarkers

BMI 0.002 0.163

Age 0.152 0.063

MMP3 Severity (HDA vs MDA) 0.002 0.161

zﬁz"‘é‘::“'s“biect VEGF Severity (HDA vs MDA) 0.249 0.037

Osteopontin Severity (HDA vs MDA) 0.162 0.023

Note. Diagnosis: RA versus healthy controls, BMI: Body mass index, MMP3: Matrix metalloproteinase-3, and VEGF: Vascular endothelial growth factor.
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Table 3. The binary logistic regression analysis results with high disease activity (HDA) and moderate
disease activity (MDA) as dependent variables and bone biomarkers as explanatory variables

D nden Explanator
variables. variables" B (SE) P OR 95% Cl
MMP-3 0.107 (0.037) 0.004 1.113 1.036-1.197
MDA versus HDA VEGF 0.011 (0.007) 0.138 1.011 0.997-1.025
Osteopontin 0.450 (0.168) 0.007 1.568 1.128-2.180

Note. (*): Standardized values, OR: Odd ratio, SE: standard error, Cl: confidence interval, MMP3: Matrix metalloproteinase-3, VEGF: Vascular endothelial

growth factor.

to the control group with the highest level in DAS
> 5.1 patients’ group. Serum VEGF showed a signifi-
cant decrease in both patient groups in comparison
with the control groups. While no significant differ-
ence between both patient groups. Patients with DAS
> 5.1 have significantly higher OPN than those with
DAS < 5.1 and control groups. However, there was no
substantial difference in the duration of disease be-
tween RA patient groups.

The results of multivariate GLM. Table 2 shows
the effects of the multivariate GLM study, which
showed that age (Partial n?> = 0.063, p = 0.152) and
sex (Partial n? = 0.102, p = 0.352) have no substantial
impact on the three biomarkers. BMI had a slight ef-
fect on the levels of the three biomarkers (Partial n?> =
0.163, p = 0.002). The severity of RA has a highly sig-
nificant effect (Partial n? = 0.323, p < 0.001) on the
biomarker levels. Between-subject tests revealed that
the severity had the greatest impact on MMP3 (par-
tial n?> = 0.161, p = 0.002). OPN and VEGF demon-
strated insignificant effects on the severity of the dis-
ease with a very small effect size.

Intercorrelation matrix. The most notable correla-
tions were a significant moderate negative correlation
between MMP3 and ACPA (r = —0.379, p < 0.01).
The duration of illness is moderately related to VEGF
(r=10.325, p <0.01) and OPN (r = 0.383, p < 0.001).
CRP has a moderate negative correlation with VEGF
(r=—0.357, p <0.01) (results are not tabulated).

Results of binary logistic regression analysis. The bi-
nary logistic regression test recruited HDA state as
adependent variable (and MDA as the reference group)
is seen in Table 3. The regression discriminated sever-
ity of RA patients and found that MMP3 and OPN
substantially discriminated both study groups ()? =
20.116, df = 3, p < 0.001). The Nagelkerke’s effect size
was 0.350, and the classification precision was 74.2%,
with a sensitivity of 66.7% and a specificity of 81.8%.

Effects of background variables. The univariate
GLM analysis was used to assess the impact of medi-
cations on the serum levels of the studied parameters
in RA patients. The study found no significant effects
of naproxen, sulfasalazine, prednisolone, tofacitinib,
or methotrexate on the blood levels of the three bio-
markers tested. The other medications prescribed
have little discernible impact. The cumulative effects
of medication administration on the assessed param-
eters were just minor (partial n?> = 0.033) (results are
not tabulated).

Results of neural networks. As shown in Table 4,
the neural network analysis was used to distinguish
between individuals with HDA and MDA. One unit
was employed in hidden layer 1, whereas hyperbolic
tangent was used as an activation function, identity
in the output layer, and sum of squares was used as
an error term in the final neural network. Because
the testing set had a significantly smaller sum
of squares (5.331) and a lower relative error (23.6 per-
cent versus 47.8 percent, respectively), the neural net-
work model was able to generalize the trend. As a re-
sult, the holdout set had a 66.7 percent relative inac-
curacy. As seen in Table 4, the sensitivity was 88.9%,
and the specificity was 68.4%. The cut-off values
of the serum biomarkers concentration at the above
sensitivity and specificity were: MMP3 > 17.75 ng/
ml, VEGF > 124.95 pg/ml, OPN > 3.814 ng/ml. As
shown in Figure, the input variables are ranked by
relevance and relative importance, MMP3, OPN,
and VEGF were the three most important predictors
of the model’s predictive power.

Table 4. The Results of neural networks with high
disease activity (HDA) RA versus moderate disease
activity (MDA) as reference group

Models HDA vs MDA
Input Number of units 3
layer Rescaling method Normalized
Number of hidden layers 1
Hidden | Number of units in hidden 3
layers layer 1
Activation Function Hyperbolic tangent
Dependent variables HDA vs MDA
Output | Number of units 2
layer Activation function Identity
Error function Sum of squares
Sum of squares error term 10.358
Training Z)Ir;(':otr.rector re.lgt'i;/e error 23.6%
rediction (sensitivi
sp‘:ci?icﬁy)(se sitivity, 75.0%, 69.6%
Sum of Squares error 5.331
% Incorrect or relative error 47.8%
Testin icti itivi
9 SPgitglitf:itclﬂg)(sensmvuty, 88.9%, 68.4%
AUC ROC 0.81
% Incorrect or relative error 66.7%
Holdout Prediction (sensitivity, 60.0%, 45.5%
specificity)

Note. AUC ROC: area under the curve of receiver operating curve.
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Normalized importance
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Figure. The importance of the biomarkers
for differentiation between severity states
of the rheumatoid arthritis patients by neural
network analysis

Discussion

The current study’s major finding is the eleva-
tion in serum MMP3 in RA patients when compared
with the control group as seen in Table 1. The in-
crease of MMP3 in RA is in accordance with other
previous works [27, 29, 32, 48] that can be attributed
to the secretion of MMP3, in higher amounts, from
the synovial joints [42]. The contribution of pro-in-
flammatory cytokines in RA’s pathogenesis is widely
accepted [16]. Therefore, MMP3 has been proposed
as a marker of inflammation in RA [41]. However, at
high levels, MMP3 causes increases in the number
of osteoclast precursors and osteoclast formation, re-
sulting in inducing bone resorption [5]. Furthermore,
MMP3 is correlated with the number of inflamed
and painful joints in RA patients [59]. Serum MMP3
may be a possible diagnostic for histological synovi-
tis and RA diagnosis [28], joint erosions in the early
stages of the illness, and disease progression monitor-
ing [26, 48]. MMP3 levels in the blood are an excel-
lent predictor of bone damage, and MM P3 inhibition
may be a significant treatment approach for individ-
uals with early rheumatoid arthritis [47]. According
to recent research, serum MMP3 levels predict clini-
cal remission more accurately than CRP levels [17].
These results prompted several researchers to recom-
mend MM P3 testing as part of a standardized evalu-
ation to go along with RA treatment options [25].

In addition, a neural network method allowed
for external validation of the clinical diagnosis of the
HDA of RA against MDA with an AUC ROC curve
of 0.814 and MMP3 and OPN as the most important
discriminatory variable. Macrophage populations
in synovial tissue are associated with articular dam-
age, and a decrease in macrophage counts is a sen-
sitive biomarker of therapy response in rheumatoid
arthritis patients [56].

The multivariate GLM analysis was performed
to estimate the effect of the cofounders on the serum
levels of the measured parameters. As seen in Table 2,

age and sex had no substantial impact on the levels
of the assessed biomarkers. BMI has a slight effect
on the variance of the serum level of the measured
bone-related cytokines. The levels of biomarkers are
substantially altered only by the magnitude of the
severity in the RA patients, with a larger effect size
(partial n? = 0.323). Tests for between-subject ef-
fects showed that 16.1 percent of the difference in the
MMP3 concentration was attributed to RA. These
analyses were performed to rule out the influence
of cofounders on the values of the estimated param-
eters because there are some reports about the effect
of BMI on MMP3 level [4], decreased expression
of VEGF with increased patient age [12], and the ef-
fect of sex and age on OPN level [21]. However, these
correlations were reported in diseases other than RA.

MMP3 is secreted by synovial fibroblasts or B
cells, which are well-known MMP3 producers, that
are responsible for the large rise in plasma levels [46].
The previously published study demonstrated a tight
link between plasma OPN levels and MMP3 levels.
Plasma OPN levels decreased considerably in re-
sponders after medication [20].

Table 3 showed that the severity of the RA is as-
sociated with the plasma level of MMP3. MMP3
is strongly associated with two inflammatory indi-
cators; CRP and ESR [45]. These findings revealed
a correlation between the levels of bone-related cy-
tokines and biomarkers of inflammation. Other re-
searchers, however, demonstrated that elevated serum
biomarkers could not be a risk factor for reduced bone
mineral density [44]. The same reasons apply: the in-
flammatory state associated with RA is the primary
source of biomarker changes. ACPA levels are influ-
enced by serum MM P3 levels. Previously, ACPA was
found to have the best predictive importance for the
production of RA [38, 51]. A strong association be-
tween ACPA positivity and arthritis development has
also been established in several patients who later
experienced RA [40]. Therefore, the increase in se-
rum MMP3 may enforce the validity and sensitivity
of ACPA in the diagnosis of RA in addition to esti-
mating the severity of the RA disease [40].

There is a good predictive value of the serum
MMP3 for the severity of RA subjects. MMP3
is a connective tissue biomarker. However, the diag-
nostic cut-off value is rather high. MM P3 expression
is a good indicator of disease activity in people with
rheumatoid arthritis [30]. MMP3 levels rose with
advanced stage and RA class and gradually dropped
following treatment effectiveness [49]. Serum
MMP3 levels were shown to be strongly linked
with serum CRP, RF levels, and joint damage [26].
Additionally, there was a statistically significant as-
sociation between MMP3 and CRP, and ESR [17].
Elevated blood MMP3 levels in rheumatoid arthri-
tis patients show inflammation [10, 32] and serve as
an early predictor of increasing joint destruction as
well as a powerful predictive indicator of rheumatoid
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arthritis disease activity [10, 29]. In another study,
serum concentrations of MM Ps significantly corre-
lated with markers of RA activity such as DAS28 and
CRP levels [23].

Recently, it was shown that MMP3 serum levels
correspond with the quantity of MMP3 generated by
synovial mast cells [19] in inflamed joints, indicat-
ing the severity of rheumatoid synovitis [13]. With
increasing RA severity, MMP3 and ACPA increase
indicating the correlation of both biomarkers with
the degree of disease activity [43, 50]. Therefore,
the measured biomarkers, especially MMP3 can be
used as a potential biomarker for RA activity with ac-
ceptable sensitivity and specificity. The main limita-
tion of the current analysis is the limited size of the
test sample. To ensure adequate generalization of the

study findings, a greater sample size would be need-
ed. The second drawback is the relatively high inter-
assay coefficient of variance percent, which was less
than 10% for all kits.

Conclusion

There was a significant elevation in the serum
level of MMP3 in RA patients with HDA compared
to the MDA and control groups. The NN analysis
showed that the MMP3 is the most sensitive pre-
dictor for RA patients with HDA followed by OPN.
In addition to the known high DAS28, RF, CRP, and
ACPA in HDA patients, the binary logistic regression
showed the potential use of OPN and MMP3 as dif-
ferentiating factors for HDA from M DA.
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