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INTRODUCTION

Objective: To study the role of anti-Cyclic Citrullinated Peptide antibody
(anti-CCP) and Rheumatoid Factor (RF) in Rheumatoid Arthritis (RA) and to
evaluate their relation to the development of erosion, osteoporosis, disease
activity, disease severity and functional disability. Methods: Anti-CCP, RF
and CRP assays were done for 128 patients diagnosed with RA, in addition
to 151 healthy and 30 osteoporotic postmenopausal female controls.
Assessment measures for disease Activity, disease severity, erosions,
osteoporosis and functional disability were done for RA patients. Result: The
titer and seropositivity of the studied serologic markers (Anti-CCP and RF)
have significant association with RA. Osteoporosis complicating RA is
positively associated with seropositivity of anti-CCP. While, the
seropositivity of anti-CCP antibody is significantly associated with more
severe and active disease, the seropositivity of RF is positively associated
only with disease severity. The high positive anti-CCP or high positive RF is
positively associated with increased disease severity or activity and presence
of osteoporosis. Higher titer of anti-CCP is a significant risk to the
development of erosion and OP in RA patients either in crude or adjusted
models. Conclusion: Due to its higher specificity, anti-CCP is useful
serologic marker for diagnosis of RA as compared to RF and can predict
disease activity. Anti-CCP antibodies identify a subset of patients who are
more likely to accrue more joint damage, more severe disease course and to
develop osteoporosis.

Copy Right, 1JAR, 2015,. All rights reserved

Rheumatoid arthritis (RA) is an inflammatory autoimmune disease characterized by chronic joint
inflammation and extra-articular manifestations. The disease leads to progressive destruction of articular cartilage
and ankylosis of the joints that eventually leading to permanent disability without early therapeutic interventions.
Although the cause of RA is unknown, autoimmunity plays a pivotal role in both its chronicity and progression (Lee
and Weinblatt 2001, Zintzaras et al. 2008, Block et al. 2012).
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RA afflicts up to 1% of the world's population, affecting females to a greater extent (3-5 fold) than males
(van Venrooij et al. 2008). Diagnosis of RA was based on the American College of Rheumatology (ACR) criteria
(Arnett et al. 1988). Rheumatoid factor (RF), an antibody directed against the constant region of 1gG, was the only
serological marker included in ACR criteria. RF has moderate sensitivity and do not detect early asymptomatic
disease. In the same time, it lacks clinical specificity due do its positivity in many rheumatic (other than RA),
infectious diseases and even in healthy individuals especially elderly (Van Venrooij et al. 2002, Mikuls et al. 2004,
Wiik et al. 2010).

Anti-cyclic citrullinated peptide (anti-CCP) antibodies are 1gG autoantibodies which recognize citrullinated
peptides and offer improved specificity in early diagnosis of RA compared to RF (Wiik et al. 2010). Recently anti-
CCP testing has become substantial part of ACR-EULAR classification criteria for RA (Aletaha et al. 2010).

RA is defined by its ability to induce bone and cartilage destruction. Erosive RA is associated with pain,
disability, deformity and early mortality (Pincus et al. 1984). In addition, bone destruction in RA is associated with
systemic osteoporosis and susceptibility to fragility fractures because both phenomena fundamentally reflect high
inflammatory disease activity (Sambroook 2000). Recent data support that even minimal subclinical inflammation
can lead to bone loss and increased fracture risk (Schett et al. 2006). Osteoporosis and related fragility fractures are
one of the most common complications in patients with RA and affect quality of life dramatically in these patients.
Several factors such as race, BMI, dietary calcium and vitamin D intake, duration and activity of RA, grade of
disability, use of corticosteroids and DMARDs and menopausal status have been studied for their influence on bone
loss in RA (Ranganathan 2009, Mosaad et al 2014).

A good marker should ideally not only indicate the development of the disease but also be able to predict
its erosive or non- erosive progression (Manivelavan and Vijayasamundeeswari 2012). The serological parameter
that meets these requirements is anti-CCP antibody. The citrulline residues are essential part of the antigenic
determinants recognized by the RA antibodies. So anti-CCP testing is particularly useful in the diagnosis of RA with
high specificity present early in the disease process (Sambroook, 2000 and Block et al., 2012) and ability to identify
patients who are likely to have severe disease and irreversible damage (Van Venrooij et al. 2002 , Shankar et al
2006, Niewold et al. 2007).

There is evidence that CCP-assays provide comparable performance with that of RF (Coenen et al. 2007,
Nishimura et al 2007, Sun et al 2014). However, analysis of the association between anti-CCP antibody titer and RA
activity produced contradictory results (Greiner et al. 2005, van Gaalen et al. 2005). Therefore, we planned this
work to study the role of anti-CCP and RF antibodies in RA and to evaluate their relation to the disease activity,
disease severity, development of osteoporosis, presence of erosion and functional disability.

2. Material and methods:
2.1. Patients and healthy controls

This case control study on a cohort of Egyptian population included patients with RA and two control
groups of healthy individuals and postmenopausal osteoporosis females. A total of 128 patients with RA (103
females and 25 males) with mean age of 46.91+ 11.73 diagnosed according to the American College of
Rheumatology / European League against Rheumatism collaborative initiative for RA (Aletaha et al 2010) were
consecutively recruited into the study between February 2012 and January 2013 with disease duration of 10.33%
7.01 years. Patients were recruited from the outpatient’s clinic of Rheumatology and Rehabilitation Department and
Rheumatology and Immunology Unit of Internal Medicine Department, Mansoura University Hospitals, Egypt. All
patients underwent clinical evaluation by a rheumatologist and data about demographics and disease parameters
were collected.

Disease activity was evaluated using disease activity score 28 (DAS28-CRP) that measures 28 tender and
swollen joints, degree of pain by visual analogue scales (VAS), patient's and doctor's global assessment of disease
activity using VAS and inflammatory markers such as C-reactive protein (CRP) (van Riel , Schumacher 2001).
DAS-28 as described by Prevoo et al. 1995 defines the level of RA activity as follows; > 5.1 indicate high disease
activity; between 5.1 and 3.2 indicates moderate disease activity; between 3.2 and 2.6 indicates low disease activity;
and < 2.6 indicates clinical remission. Assessment of severity was performed using rheumatoid arthritis medical
records based index of severity (RARBIS) based on potential indicators including radiological and laboratory
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results; surgeries; extra-articular manifestations; clinical and functional status; and medications (Cabral et al., 2005,
Ting et al., 2008).

All patients underwent radiographs of the hands and feet. X-rays were scored by an expert radiologist using
the Steinbrocker method 1949. Antero Posterior radiographs of hand (including wrist) and feet were taken to assess
the erosive changes, and cervical spine in flexion and extension views for instability sublaxation. All RA patients
underwent bone densitometry scanning using dual energy x-ray absorpotometry (DEXA). BMD of lumbar 2-4
vertebrae was assessed and T scores determined to differentiate between cases with normal bone mineral density
(BMD) and those with reduced BMD.

Postmenopausal Osteoporosis (OP) group: 30 women (mean age 59.12+ 11.97) with postmenopausal OP
not suffering from RA were enrolled as a disease control group at the time of diagnosis of osteoporosis and before
receiving bone protection therapy. Diagnosis of OP was based on measurement of bone mineral density using
DEXA scan for lumbar spine (L2- 4). According to the WHO 1994 [42], osteoporosis is a score of < -2.5.

The healthy control group consisted of 151 unrelated healthy subjects with mean age 40 + 15.83 without
RA or risk factors of osteoporosis were recruited from blood bank donors. Written informed consent was obtained
from patients and controls after approving the study protocol by Local Ethical Committee.

Exclusion criteria: Patients with other metabolic bone disease, endocrinal disorders, other autoimmune
diseases, hepatic and renal disorders, malignancy and those taking medication known to affect bone metabolism
such as bisphosphonates, or vitamin D were excluded from the study. Six patients were excluded from the study due
to missing data.

Blood samples were obtained from all groups for determination of serum calcium, phosphorous, alkaline
phosphatase (Coobas Integra 400 plus, Roche Diagnostic, Germany) and Parathormone (electro-chemiluminescent
immunoassay, Elecsys 2010, Roche Diagnostic, Germany). Immunoturbidimetric assay was used to quantify RF and
CRP using Turbox-plus analyzer (Orion Diagnostica, Espoo, Finland). Anti-CCP antibodies were analyzed by third
generation ELISA (CCP3 IgG, INOVA QUANTA LiteTM, Sandiego, USA). According to manufacturer, serum is
considered positive when the titer is >10 mg/ L for CRP and >25 1U/ml for RF. RF grading is; 25-50 1U/ml =
borderline positive, 50 — 100 IU/ml= positive and >100 IU/ml= strongly elevated.

Anti-CCP Antibody Assay

Anti-CCP antibodies were analyzed by third generation ELISA (CCP3 IgG, INOVA QUANTA LiteTM,
Sandiego, USA). The wells were coated with highly purified synthetic cyclic citrullinated peptide. One hundred pl
of the prediluted positive, negative controls, calibrators and the diluted patient samples (1:101 dilution of each
patient sample by adding 5uL of sample to 500 pl of HRP Sample Diluent) was added to the wells and incubated for
30 minutes at room temperature. After 3 cycles of wash, 100 ul of conjugate was added to each well and incubated
for 30 minutes at room temperature. Another round of washing was done, followed by addition of 100 pl of the
chromogen. After incubation for 30 minutes in the dark at room temperature, 100 pl of the stopping solution was
added. Finally, the absorbance (OD) of each well was read at 450 with a reference wavelength at 620 nm within one
hour of stopping the reaction. The intensity of the color develops was proportional to the concentration of
autoantibody in the sample. According to the manufacturer’s recommendation, the cut off value of the assay was 20
units/ ml. Values <20 U= negative; 20 -39 U=weak positive; 40- 59 U=moderate positive, and >60 U=strong
positive.
2.3. Statistical Analysis

The statistical analysis of data was done by using excel (Microsoft office 2010 program) and SPSS
(statistical package for social science) program (SPSS, Inc, Chicago, IL) version 20. Kolmogorov-Smirnov test was
done to test the normality of data distribution. Qualitative data were presented as frequency and percentage. Chi
square and Fisher exact tests were used to compare groups. Quantitative data were presented as mean and standard
deviation. For comparison between two groups; student t-test and Mann-whitney test (for non parametric data) were
used. Logistic or linear regression analysis was performed to identify independent factors that might jointly have a
significant influence on RA progression. N.B: p is significant if <0.05 at confidence interval 95%.

3. Results:
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Demographic and baseline characteristics of RA patients are summarized in Table 1. Comparisons of anti-
CCP and RF antibody titer and seropositivity in RA patients, healthy controls and OP females were done. While the
patients with RA had a higher titer and increased prevalence of seropositivity of the studied markers, the healthy
controls and OP females showed a lower titer and increased prevalence of seronegativity and the differences in titers
and seropositivity were statistically significant (P<0.001). Serum calcium was significantly lower and alkaline
phosphatase was significantly higher in RA when compared to control subjects Table 2

In the same time, the titer and seropositivity of anti-CCP and RF antibodies in RA patients were analyzed
in relation to the presence or absence of osteoporosis. A statistical significant association was found only between
OP complicating RA and seropositivity of anti-CCP antibodies (P=0.03). However, the higher titer of RF showed
marginal significant association with the presence of OP in RA patients (P=0.051). No significant differences were
found regarding serum calcium, phosphorus, alkaline phosphatase and parathormone (PTH) in RA patients with and
without OP. Table 2

The seropositivity of anti-CCP and RF were analyzed in relation to demographic and baseline
characteristics of RA patients. The seropositivity of anti-CCP antibody was significantly associated with older
patient age (P=0.038), higher CRP titer (P=0.007) and higher score of; RABRIS (P=0.001); DAS28 CRP (P=0.002)
and DEXA (P=0.033). On the other hand, the seropositivity of RF was positively associated only with higher
RABRIS score (P<0.001). No associations were found between the seropositivity of markers and serum calcium,
phosphorous, alkaline phosphatase, PTH and steroid requirements. Table 3

We classified the seropositivity of anti CCP and RF of the present study according to the 2010 Rheumatoid
Arthritis Classification Criteria of the ACR into negative RF and negative anti-CCP, low positive RF or low positive
anti-CCP and high positive RF or high positive anti-CCP. The demographic and baseline characteristics of RA
patients were compared in relation to the three subgroups to evaluate the role of seropositivity and its grades in
relation to the presence of erosion, development of osteoporosis, disease severity, disease activity and functional
disability. In all comparisons, the seropositivity and higher grade of seropositivity of both markers (either compared
to seronegativity or low seropositivity) showed significant association (P<0.05) with higher CRP titer and higher
scores of; RABRIS (disease severity); DAS28-CRP (disease activity), DEXA (osteoporosis) and lower level of
serum phosphorous. No associations were found for functional disability, the presence of erosion, steroids
requirement and serum levels of calcium, alkaline phosphatase and PTH (P>0.05). Table 4

Analysis of association of the titer / seropositivity of anti-CCP and RF antibodies in crude and adjusted
models (adjusted for age, gender and steroid requirement) with the presence of erosion, disease severity, presence of
osteoporosis and functional disability in RA patients was presented in table 5. Higher anti-CCP titer had a
significant risk to the development of erosion and OP in RA patients either in crude or adjusted models (P=0.038,
0.022, 0.029, and 0.032 respectively). In the same time, the titer and seropositivity of both anti-CCP and RF were
associated with severe RA in either crude or adjusted models (P<0.05). On the other hand, anti-CCP and RF titer and
seropositivity either alone or combined had no association with the functional disability (P>0.05).

ROC analysis was conducted to identify the optimal anti-CCP and RF serum levels for potential prediction
of development of OP within RA patients. From this curve, the anti-CCP best cut-off value was 77 U/mL, with a
sensitivity of 94.9% and a specificity of 20.2%. The area under the curve (AUC) was 0.624, 95% CI=0.527-0.720,
p=0.049. Although the test is significant, its AUC had poor discriminatory power. The RF best cut off was 50 U/mL
with a sensitivity of 89.7% and specificity of 19.1%, AUC was 0.502, 95% C1=0.391-0.594, p=0.892. Then the test
is statistically not better than making the diagnostic decision based on pure chance, which has an AUC of 0.5. Figure
1

Anti-CCP antibody is more specific than RF (95% versus 88.7%) with better positive /negative predictive
values (PPV and NPV) and higher accuracy (90.3% versus 86.4%) than RF for diagnosis of RA. However, both
serologic markers had nearly similar sensitivity (84%). Combination of both tests improved the sensitivity (93.8%),
NPV (88.9%) and accuracy (91.8%). Anti-CCP, RF and their combination had appropriate performance
characteristics in the diagnosis of RA. However, they had good sensitivities but low specificities in discrimination of
erosions and osteoporotic lesions in patients with RA. Table 6

The sensitivity and specificity of anti-CCP and RF results of the present work were compared to findings
from different studies [30-41]. There were significant differences between different studies as regard the sensitivity
of anti-CCP and RF antibodies as well as specificity of RF (P= 0.001, 0.003, 0.015 respectively). However, in
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terms of specificity of anti-CCP antibodies, no significant differences among those findings were observed

(P=0.259). Table 7

Table 1: Demographic and baseline characteristics of RA patients

RA patients
(n=128)
Age (years) (M + SD) 46.91+ 11.73
Gender : Male / Female 25/103
Disease duration years (M £ SD) 10.33£7.01
Disease onset (M + SD) 36.65 + 11.97
Erosion /No erosion 27/101
DEXA (M £ SD) -1.56 + 1.82
DEXA grade
Normal (>-1) 42
Osteopenia (-1 to —2.5) 47
Osteoporosis (<-2.5) 39
Osteoporosis (yes/ no) 39/89
RARBIS (M + SD) 6.88+1.88
Family history (Yes/no) 42/86
Rheumatoid factor IU/ML (M + SD) 126.31 + 93.52
Positive /Negative Rheumatoid factor 107/21
Anti-CCP IU/ML (M + SD) 201.77 +121.4
Positive / Negative Anti-CCP 108/20
CRP mg/L (M + SD) 29.82 £+ 33.25
DAS28 (M + SD) 5.33+1.25
DAS28 grade (number of RA patients)
High activity 70
Moderate 51
Low 4
Remission 3
Calcium (M + SD) 8.92+0.71
Phosphorous (M + SD) 4.05+0.49
Alkaline phosphatase (M + SD) 83.95+23.41
Parathormone (M + SD) 28.95+16.27
Calcium/Phosphorus ratio 2.22+0.275
Consanguinity (yes/no) 38/90
Methotrexate 56 (43.8%)
Hydroxychloroguine 67 (52.3%)
Medications DMARDs Leflunomide 68 (53.1%)
Sulfasalazine 13 (10.2%)
Steroids 64 (50%)

DMARDs, Disease-modifying antirheumatic drugs.
Table (2): Comparison of Anti-CCP and RF antibodies in Rheumatoid Arthritis patients versus healthy Controls
and Osteoporosis Postmenopausal females

Control
Marker
(N=151)

RA without OP
(N=89)

RA with
OoP
(N=39)

Post menopausal
OP (N=30)

P value
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Anti-CCP P1<0.001*
Titer (MSD) 6.68+5.53 185.52+125.17 222.92+110.75 7.59+3.58 P2=0.261
P3<0.001*
Anti-CCP
: . 144 17 2 /37 P1<0.001*
?ll\tlelg:(])zt)lve / Positive (95.4 /4.6) 18 /71 (20.2/79.8) (5.1 /94.9) 30 /0.0 (100/0.0) P2-0.03*
P3<0.001*
. P1<0.001*
RF Titer (M£SD) 10.36+7.01 117.18+94.57 133.98+77.67 14.0946.34 | P2=0.051
P3<0.001*
RF P1<0.001*
Negative / Positive (8183‘7‘ /1173) 17 /72 (19.1/80.9) | 4 /35 (10.3/89.7) (gg 7’ /é'g) P2=0.214
(N/%) L 1 P3<0.001*
Calcium (mg/dL) (M P1=0.004*
+ SD) 9.12+0.572 8.87+0.799 8.99+0.546 7.95+0.899 P2=0.678
P3<0.001*
Phosphorous (mg/dL) P1=0.343
(M + SD) 4+0.434 4.06+0.542 4.04+0.422 4.29+0.554 P2=0.786
P3=0.084
Calcium/Phosphorus P1=0.045*
(M £SD) 2.310.234 2.215+0.302 2.24+0.226 1.89+0.407 P2=0.684
P3<0.001*
Alkaline phosphatase P1=0.043*
(U/L) 76.52+15.3 85.48+25.93 81.60+18.458 66.37+11.55 P2=0.925
(M + SD) P3<0.001*
Parathormone P1=0.617
(pg/mL) 27.09+13.8 28.65+16.655 29.34+15.808 18.60+7.802 P2=0.681
(M £ SD) P3=0.001*

Anti-CCP= anti-cyclic citrullinated peptide, RF= Rheumatoid Factor, RA= rheumatoid arthritis, OP= Osteoporosis,
*significant P value<0.05. P1: comparison between control and total RA patients, P2: comparison between RA with
and without OP, p3: comparison between RA with OP and post menopausal OP.

Table (3): Anti-CCP and RF in relation to demographic and baseline characteristics of RA patients

Anti-CCP
P
Negative Positive P Negative Positive Value
(n=20) (n=108) Value (n=21) (n=107)

'(“,\%iy;g';s 42.15+11.842 | 47.79+10.874 | 0.038* | 43.048.485 | 47.67+11.505 | 0.080
Gender: Male / Female; 7/13 18/90 0.070 6/15 19/88 0.245
N (%) (35/65) (16.7/83.3) : (28.6/71.4) (17.8/82.2) :
(D,\'/Isia;%‘;“rat'o” years 9.40+5.744 10.65£7.097 | 0457 | 10.29+7.184 | 10.49+6.840 | 0.903
?I\'Asia;%‘;”set 33.03+12.587 | 37.32+11.792 | 0.142 | 32.50+10.734 | 37.27+#12.185 | 0.097
(CNFI{_F: rS"[g);'- 16.90+14.757 | 32.21#35171 | 0.007* | 30.10+39.552 | 29.77+32.091 | 0.967
Erosion N (%) 1(5) 24(22.2) 012 3(14.3) 22(20.5) 0.76
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DEXA (M + SD) 20.81x1.378 | -1.71+1.865 | 0023* | -1.181+1.440 | -1.64+1.885 0.29
DEXA grade
Normal 11(55) 31 (28.7) 0,033 10 (47.6) 32 (29.9) 0.24
Osteopenia 7 (35) 40 (37) ' 7 (33.3) 40 (37.4) '
oP 2 (10) 37 (34.3) 4 (19) 35 (32.7)
RABRIS (M= SD)

6.25+1.803 7.73+1.757 | 0.001* 6.0+1.643 7.7941.725 | <0.001*
DAS28 CRP
M +5D) 4.55+1.430 547+1.170 | 0.002% | 4.95+1.480 5.41+1.197 0.128
DAS28 grades
N (%)
High 7 (35) 63 (58.3) 0.64 10 (47.6) 60 (56.1) 0.636
Moderate 9 (45) 42 (38.9) : 8 (38.1) 43 (40.2) :
Low 2 (10) 2 (1.9) 1(4.8) 3(2.9)
Remission 2 (10) 1.0 (0. 9) 2(9.5) 1.0 (0. 9)
gg')c'“m (mg/dL) (M + 8.91+0.640 8.92+0.730 0.520 9.03+0.562 8.89+0.741 0.710
Z\r/‘lof%h[‘)’)mus (mg/dL) 4.14+0.522 40440495 | 0737 | 4.010.366 4.06:0521 | 0.359
g\j’f‘gggph“phoms 2.179+0.246 2234+0.284 | 0343 | 2.268+0.219 2.218+0.285 0.453
Alkaline phosphatase
(UIL) (M 5D) 86.75+27.617 | 83.52422.654 | 0.602 | 78.95+013.70 | 85.02+024.79 | 0.788
?&ritgggmone (PO/mL) | 54 95415557 | 20.64+16.378 | 0.892 | 27.30412.530 | 29.23+16.954 | 0.236
?;f)m'd requirement; N 9 (45) 55 (50.9) 0.626 12 (57.1) 52 (48.6) 0.474

Anti-CCP= anti-cyclic citrullinated peptide, RF= Rheumatoid Factor, RA= rheumatoid arthritis, OP= Osteoporosis,
*significant P value<0.05.

Table (4): Combined Anti-CCP and RF in

relation to demographic and baseline characteristics of RA

patients.
Low High
Negative Positive positive positive
Anti-CCP Anti-CCP anti-CCP anti-CCP pl p2 p3 p*
and RF and RF or low or high
(n=8) (n=96) positive RF | positive RF
(n=33) (n=87)
'(“,\ﬁiyggr)s 40.38+10.04 | 48.09+11.24 | 42+12.278 | 47.61+11.03 | 0.06 0.9 0.15 0.2
Gender; N | Males 3(37.5) 16 (16.7) 8(24.2) 14 (16.1)
(%) Female | 5 (62.5) 80(833) | 25(75.8) | 73(83.9) 0.15 06 | 015 03
Disease onset age (M | 31.33+£12.97 | 37.60+12.07 | 35.83+10.18 | 36.93+12.04
1 SD) 5 8 7 5 0.16 0.6 0.28 0.8
Disease duration years | 9.750+7.887 | 10.594+7.09
(M + SD) 6 13 6.67+4.083 | 10.68+6.984 0.74 0.2 0.8 0.1
CRP mg/L 30.86+33.22 | 20.30£19.15 | 34.95+37.44
(M + SD) 13.25+9.823 1 5 1 0.14 0.3 0.1 0.006*
Erosion 1(12.5) 22 (22.9) 3(9.1) 21 (24.1) 0.68 1.0 0.67 0.07
D - - - -
(M + SD) 0,763+1,008 | 1,743+£1,882 | 1,445+2,131 | 1,694+1,736 0.15 0.3 0.14 0.51
E 4 4 6 8
X | Normal 5 (62.5) 27 (28.1) 14 (42.4) 23 (26.4) 0.06 0.5 0.035* 0.15
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A | Osteopenia 3(37.5) 36 (37.5) 12(36.4) | 32(36.8)

Osteoporosis 0 (0) 33 (34.4) 7(21.2) 32 (36.8)
DAS28 CRP (M+SD) | 3.91#129 | 546+1.16 | 4.86+1.00 | 549+1.17 | <0.001* | 0.4 | 0.001* 0.2
DAS28 grades; N (%)
Remission 2 (25) 1(1) 0 (0) 1(1.1)
Low 1(12.5) 2(2.1) 1(3) 2 (2.3) 0.005* | 0.02* | 0008* | 094
Moderate 3(37.5) 37 (38.5) 14 (42.4) 34(39.1)
High 2 (25) 56 (58.3) 18 (545 | 50 (57.5)
RABRIS (M= SD) 5.25+1.66 | 7.90+1.70 6+1.549 | 7.78#1.72 | <0.001* | 0.85 | <0.001* | 0.015*
MHAQ 775+761 | 11.31%#6.7 | 10.17+8.9 | 11.19%6.7 0.15 0.74 024 0.72
fg’g‘)”m (Mg/dL) (M 1 g 961068 | 8892075 | 8.86+0.89 | 8.94:0.64 | 0888 | 0.847 | 0754 | 0861
Z\r/'loipshg)r ous(Mg/dL) | 464030 | 4.05:050 | 4.24:062 | 3.98:0.44 0665 | 0.433 | 0365 | 0.020*
(Cl\jl"i“gggph“phor“s 2214402 | 2.225+0.28 | 2.127+0.3 | 2.266+0.2 0765 | 0.396 | 0389 | 0.009*
Alkaline phosphatase
(UL} (M £ SD) 78.13+12.08 | 84.48+23.72 | 83.65+22.67 | 84.72424.56 | 0.696 | 0.798 | 0.745 | 0.870
Parathormone
(pa/mL) (M £ SD) 21.1046.43 | 29.59+16.70 | 27.16+18.48 | 30.33+15.85 | 0.291 | 0.923 | 0.145 | 0.136
Sl\tle(rf/;;j requirement; | g g2.5) 48 (50) 15(455) | 44(506) | 0716 | 0445 | 0716 | 0487

Anti-CCP= anti-cyclic citrullinated peptide, RF= Rheumatoid Factor, RA= rheumatoid arthritis, p1:comparison between both
negative RA and anti-CCP vs both positive; p2:comparison between low positive RF or low positive anti-CCP vs both
negative; p3:comparison between high positive RF or high positive anti-CCP vs both negative; p4:comparison between high
positive RF or high positive anti-CCP vs low positive RF or low positive anti-CCP; *significant P value<0.05.

Table (5):Analysis of risk of erosion, osteoporosis, severity, and functional activity according to anti-CCP and
RF titer and seropositivity in RA patients.

Erosion Crude model® Adjusted model®

P OR (95% CI) P OR (95% ClI)
RF 0.068 1.004 (0.99-1.009) 0.059 1.005 (1.00 -1.010)
Anti-CCP 0.038* 1.004 (0.99-1.009) 0.022* 1.005 (1.00- 1.010)
RF and anti-CCP 0.093 1.002 (0.98-1.003) 0.051 1.004 (0.996-1.009)
low positive RF or low
positive anti-CCP 0.466 1.492 (0.509-4.37) 0.26 1.873 (0.629-5.579)
high positive RF or
high positive anti- 0.447 0.319 (0.017-6.05) 0.43 1.603 (0.490-5.245)
CCP
Osteoporosis
RF 0.104 1.007 (0.562-1.012) 0.113 1.006 (0.671-1.011)
Anti-CCP 0.029* 1.003 (1.001-1.007) 0.032* 1.003 (1.001-1.016)
RF and anti-CCP 0.058 4.259 (0.951-2.068) 0.152 1.137 (0.656-5.013)
low positive RF or low
positive anti-CCP 0.355 1.111 (0.433-2.284) 0.192 1.824 (0.595-3.407)
high positive RF or
high  positive anti- 0.041* 2.202 (1.034-4.687) 0.070 2.094 (0.940-4.663)
CCP
Severity P B SE P B SE
RF <0.001* 0.006 0.002 0.001* 0.006 0.002
Anti-CCP <0.001* 0.005 0.001 0.001* 0.005 0.001
RF and anti-CCP <0.001 2.655 0.630 <0.001 2.522 0.662
low positive RF or low <0.001 0.154 0.827 0.001 1.958 0.560
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positive anti-CCP

high positive RF or

high  positive anti- <0.001 0.967 0.253 0.001 0.934 0.261
CCP

Functional disability P B SE P B SE
RF 0.078 0.012 0.007 0.122 0.011 0.007
Anti-CCP 0.506 0.003 0.005 0.745 0.002 0.005
RF and anti-CCP 0.169 3.454 2.496 0.340 1.505 1.553
low positive RF orlow | 7/, 1.321 3.949 0.749 | 1417 4.335
positive anti-CCP

high positive RF or

high positive anti- 0.248 1.170 1.009 0.527 0.653 1.028

CCP

a Logistic regression models were was used for risk of erosion and osteoporosis; linear regression models were used
for risk of severity and functional disability. Covariates in adjusted models include age, gender, disease duration,
and steroid use. *Significant P value. B, regression coefficient; SE, standard error.
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Figure (1): A receiver operating curve (ROC) analysis of anti-CCP levels for the prediction
of OP within RA patients. Anti-CCP Area under the curve (AUC)=0.624, Standard error
(SE)=0.049, p=0.020, 95% Cl=0.527-0.720; the best cut off was 77 U/mL with sensitivity
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=94.9%, specificity=20.2%. RF AUC=0.502, SE=0.052, p=0.892, 95% Cl=0.391-0.594; the

best cut off was 50 U/mL with sensitivity =89.7% and specificity=19.1%.

Table (6): Performance characteristics of anti-CCP and RF in the diagnosis, erosion and osteoporosis in RA

patients.
Anti-CCP RF RF and Anti-CCP
Sensitivity (%) 84.4 83.6 93.8
Specificity (%) 95.4 88.7 90.1
Diagnosis PPV (%) 93.9 86.3 88.9
NPV (%) 87.8 86.5 94.4
Accuracy (%) 90.3 86.4 91.8
Sensitivity (%) 96 88 95.7
Specificity (%) 18.5 17.5 8.7
Erosion PPV (%) 22.2 20.6 22.9
NPV (%) 95 85.7 87.5
Accuracy (%) 33.6 31.3 27.9
Sensitivity (%) 94.9 89.7 100
Specificity (%) 20.2 19.1 11.3
Osteoporotic complications PPV (%) 34.3 32.7 34.4
NPV (%) 90 81.0 100
Accuracy (%) 43 40.6 39.4

Table (7): Comparison of sensitivity and specificity of anti-CCP and RF from different countries.

. Sensitivity Specificity

Reference Country Year First author Anti CCP RE Anti CCP RE
Current Egypt 2015 Mosaad 84.4 83.6 95.4 88.7
29 Tunisia 2008 Sghiri 72.4 65.9 96.1 74.4

30 Kenya 2014 Amayo 62.5 50.0 83.9 90.3

31 Oman 2012 Al-Shukaili 52 57 97 94

32 Malaysia 2010 Maraina 71 80 94.8 74.5

33 Malaysia 2013 Abdul Wahab 35 43 100 85

34 Korea 2005 Kim 81.6 96.4 95.5 75.5

35 China 2011 Liao 78.9 67.4 95.7 84.3

36 Taiwan 2008 Lin 82.1 80 88 62.7

37 Turkey 2009 Mutlu 60.2 67.8 98.8 91.6

38 Netherlands | 2009 van der Linden 50 47.7 88.4 86.1

39 Switzerland | 2002 Bas 68 75 96 74

40 USA 2003 Lee 66 71.6 90.4 80.3
P value 0.001* 0.003* 0.259 0.015*

4. Discussion

Rheumatoid arthritis (RA) is a systemic chronic inflammatory disease of unclear etiology that is manifested
in by a progressive and destructive polyarthritis in association with serological evidence of autoreactivity. It is
characterized by chronic pain and joint destruction that usually progresses from distal to more proximal joints. The
progression of this disease can be slowed down with adequate medical control; however, this condition remains as
one of the most important cause of inability and disability if not properly treated (Kourilovitch et al 2014).
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Anti-CCP and RF are recognized biomarkers associated with RA that are incorporated in the current ACR
classification guidance for RA diagnosis ( Aletaha et al., 2010). The two biomarkers are promising early diagnostic
tests with the potential to support early, aggressive intervention using newer RA treatment options ( Taylor et al.,
2011).

The present study shows that the titer and seropositivity of the studied serologic markers (Anti-CCP and
RF) have significant association with RA (P<0.001). However the anti-CCP antibody is more specific (95.4%) than
RF (89%) for diagnosis of RA and both have similar sensitivity (84%). Combination of both tests improved the
sensitivity (94%), NPV, accuracy and decreased the specificity (90%). Therefore, anti-CCP, RF and their
combination had appropriate performance characteristics in the diagnosis of RA.

Anti-CCP antibodies, the most important members of the family of ACPAs so far, are specific diagnostic
and prognostic markers in RA (Vincent et al 2005). The determination of anti-CCP helps to distinguish RA from
other arthropathies (Schellekens et al 2000). Nishimura et al 2007  meta-analysis on 37 studies of anti-CCP
antibody and 50 studies of RF to investigate the diagnostic accuracy of anti-CCP antibody and RF for RA
demonstrated that the pooled sensitivity, specificity, positive and negative likelihood ratios for anti-CCP antibody
were 67%, 95%, 12.46, and 0.36, respectively. For IgM RF, the values were 69%, 85%, 4.86 and 0.38 respectively.
Likelihood ratios among IgM RF, 1gG RF, and IgA RF seemed to be similar. Results from studies of patients with
early rheumatoid arthritis were similar to those from all studies. Three of 4 studies found that risk for radiographic
progression was greater with anti-CCP antibody positivity than with IgM RF positivity. They concluded that anti-
CCP antibodies are more specific than RF for diagnosing rheumatoid arthritis and may better predict erosive disease.

The most recent meta-analysis was carried out by Sun et al 2014 on 24 studies that conformed to their
inclusion criteria to investigate the diagnostic accuracy of combined tests of anti-CCP antibody and RF for
rheumatoid arthritis. They reported the summary estimates for anti-CCP antibody and RF positivity (both serum
markers had to be positive) in the diagnosis of RA were 57% sensitivity and 96% specificity and the pooled data for
anti-CCP antibody or RF positivity (one serum marker had to be positive) were 78% sensitivity and 82% specificity
and concluded that both anti-CCP antibody and RF positivity are useful for ruling in the diagnosis of RA, and
positivity combined improves the probability of true positivity in the diagnosis. Anti-CCP antibody or RF positivity
shows low specificity and should be integrated with other examinations to make a final diagnosis.

Osteoporosis complicating RA is positively associated with seropositivity of anti-CCP (P=0.03) and
marginally with the high titer of RF (P=0.051). In the same time, anti-CCP seropositivity is associated with high
DEXA scores and grades (P=0.023, 0.033 respectively). In addition, the high positive anti-CCP or high positive RF
is positivity associated with high DEXA grades (osteoporosis) (P=0.035). However, anti-CCP and RF alone or
combined had good sensitivities (94, 89, and 100% respectively) and low specificities (20, 19, and 11%
respectively) in discrimination of osteoporotic lesions in patients with RA. No associations are found between the
serum levels of calcium, phosphorous, alkaline phosphatase, parathormone and osteoporosis complicating RA when
compared with RA patients without OP.

Osteoporosis (OP) is common in patients with inflammatory arthritis. In inflammatory arthritis, OP is
caused by a dysregulation of normal bone homeostasis, in which there is an increase in osteoclast activity leading to
accelerated bone turnover. This process is mediated by a chronic inflammatory state, in which cytokines and other
pro-inflammatory proteins increase bone resorption and slow bone formation. Changes in cortical bone insidiously
begin in the periarticular regions and over time and with prolonged systemic inflammation can be see diffusely
throughout the skeleton (Redlich et al 2012, Clayton Hochberg 2013, Haugeberg et al 2014). OP in patients with
RA is likely mediated by several mechanisms: a generalized pro-inflammatory state, high frequency of
glucocorticoid use, relatively low levels of physical activity, as well as the classic risk factors for OP (Ibanez et al
2010, Clayton, Hochberg 2013).

While the risk factors for OP of increasing age, low BMI, and being post-menopausal are widely accepted,
there are little data regarding autoantibodies in RA and their contribution to bone loss (Clayton, Hochberg 2013). It
was observed that human anticitrullinated protein antibodies (ACPA), when transferred to mice, induce
osteoclastogenesis by binding to osteoclasts (Harre et al 2012). Kleyer et al. 2013 studied 15 adults who were
seropositive for ACPA and had no clinical signs of arthritis and compared them with 15 seronegative controls with
regard to metacarpophalangeal (MCP) joint BMD and cortical thickness and porosity measured using micro-
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computed tomography (micro-CT). They found that the ACPA positive individuals had significantly lower BMD
and a reduction in cortical thickness in the MCP joints. Porous cortical bone, or pre-erosive areas, was significantly
more abundant in the ACPA positive persons. This suggests that the bone changes of RA which are associated with
both OP and erosions can occur prior to clinical manifestations of disease in those with ACPA (Clayton, Hochberg
2013).

While, the seropositivity of anti-CCP antibody is significantly associated with high titer of inflammatory
marker CRP, more disease severity and activity, the seropositivity of RF is positively associated with disease
severity. The high positive anti-CCP or high positive RF is positivity associated with increased inflammatory marker
CRP and increased disease severity or activity. Higher titer of anti-CCP is a significant risk to the development of
erosion in RA patients either in crude or adjusted models. No association was found for the studied serologic
markers and functional disability.

Early reports indicated that anti-CCP seropositivity in RA is a risk factor for the development of erosive
disease and more than 60% of the patients with erosive disease had anti-CCP antibodies with a positive predictive
value comparable to RF positivity (Schellekens et al 2000). Some studies suggested that RF IgM seropositivity as a
better marker of erosion development than anti-CCP antibodies, although positive anti-CCP test was still a risk
factor for erosions in these reports (Kroot et al 2000, Bas et al 2002). In early RA, anti-CCP seropositive was found
in more than 50% of the patients if they had erosions compared to 22% in non-erosive disease. In addition, most of
the RF-negative patients with erosions were reported to be anti-CCP-positive (Vencovsky et al 2003). Anti-CCP
antibodies have been confirmed to be a strong predictor of radiological progression and erosion (Bas et al 2003,
Meyer et al 2003, Vencovsky et al 2003, van der Helm-van Mil, Inanc et al 2007). Patients positive for both RF and
anti-CCP antibodies had a higher prevalence of erosions as compared to patients positive for only one antibody or
negative for both. In seronegative RA (RF absent), anti-CCP antibodies were seen in over 50 % of patients and were
associated with a higher incidence of erosive disease (Shankar et al 2006).

A number of studies have investigated the association between RF and anti-CCP autoantibodies and RA
disease activity. Some debate about relationship between autoantibodies and disease activity still remains (Choe et al
2013). Many reports have demonstrated that anti-CCP-positive RA patients have higher disease activity and have
disease that is more progressive with respect to joint destruction compared to anti-CCP-negative RA patients
(Forslind et al 2004, del Val del Amo et al 2006, Inanc et al 2007,Shidara et al 2008). Also, previous studies have
reported associations between RF and anti-CCP antibody levels, and diverse disease activity markers and indices
including ESR, CRP level, swollen and tender joint count, and DAS28. The serum RF titer was significantly
associated with DAS28, CDAI, and SDAI in multivariate analysis (Chao et al 2013). The raise in CRP occurred
more common in anti-CCP positive than anti-CCP negative and positive anti-CCP with high CRP level were shown
to be the only significant predictor related to joint destructions (Lindgvsit et al 2005, Shidara et al 2012, Abdul
Wahab et al 2013).

However, other studies have reported no association between anti-CCP antibody and RF as indicators of
disease activity such as ESR, CRP, and active joint counts, although a good correlation with joint damage was
shown (Eberhardt et al 1990, Ates et al 2007, Serdaroglu et al 2008, Chao et al 2013). In a comparative study, anti-
CCP had higher positive predictive value for erosive RA than RF, CRP, erythrocyte sedimentation rate (ESR)
(Shovman et al 2005, Chao et al 2013).

The sensitivity and specificity of anti-CCP and RF of the present work on Egyptian population was
compared with other reported values from other studies on different ethnic population. There was a significant
difference in the sensitivity of the anti-CCP antibodies (P=0.001) and RF (P=0.003) among different studies.
However, regarding specificity no significant differences among studies were found for Anti-CCP (P=0.259) and
significant differences were found for RF (P=0.015). This difference can be attributed to the variation in the
techniques (ELISA versus nephelometery), generation of ELISA kit (second versus third generation), number of
patients and controls, stage of disease (early versus late, active versus remission, severe versus mild), disease related
complications such as erosion, osteoporosis and finally genetic and ethnic differences.

RA is diagnosed based on a set of clinical, serological and radiological criteria (Conrad et al 2010). In
many early cases of RA, clinical symptoms are milder and nonspecific; hence patients will not fulfill ACR
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classification criteria for RA. Therefore, the detection of a disease-specific autoantibody like anti-CCP could be of
great diagnostic and therapeutic importance. Early diagnosis and immediate, effective therapy are crucial in order to
prevent joint deterioration, functional disability and unfavorable disease outcome (van Boekel et al 2002, Farid et al
2013).

Therefore it can be concluded that due to its higher specificity, anti-CCP is useful serologic marker for diagnosis of
RA when compared to RF and can predict disease activity. Anti-CCP antibodies identify a subset of patients who are
more likely to accrue more joint damage, more severe disease course and to develop osteoporosis.
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