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Abstract To define the relationship between serum anti-
cyclic citrullinated peptide antibodies (anti-CCP) and dis-
ease activity, and to construct a new disease activity index
by using anti-CCP in rheumatoid arthritis (RA). One hun-
dred and five RA patients were included. Disease activity
based on DAS28-ESR and serum anti-CCP was measured.
There was correlation between serum anti-CCP and
DAS28-ESR. (R2 = 0.71, P value < 0.01). New disease
activity index was developed by replacing anti-CCP with
ESR in DAS28-ESR. There was correlation between new
model and DAS28-ESR. (R* = 0.91, P value < 0.01) The
new composite index best cut-off values corresponding to
DAS28-ESR values of 2.6, 3.2, and 5.1 were 3.21, 3.38,
and 4.74, respectively. There was agreement between
new model and DAS28-ESR for determination of patients
in different disease activity categories. (Kappa = 0.71,
P value < 0.01). The new disease activity index that
applies serum anti-CCP may predict disease activity in RA.
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Introduction

Rheumatoid arthritis (RA) is a common cause of chronic
inflammatory arthritis in Iran [1]. Early proper manage-
ment according to disease activity could prevent irrevers-
ible damage to synovium and joint cartilage. Examination
of the involved joints by a rheumatologist is the gold
standard method for evaluation of disease activity in RA;
however, new specific biomarkers in serum and synovial
fluid of RA patients have recently attracted attention of the
researchers [2—7]. Erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP) were among the pioneer
biomarkers that seemed to be related to disease activity and
response to treatment in RA [8—11]. These markers were
not specific for RA and might increase in many other
infectious or inflammatory conditions.

Disease activity score 28—ESR (DAS28-ESR) is a vali-
dated composite index and is an estimated number of actual
disease activity. This model has some limitations due to the
lack of specificity of ESR for this purpose [12]. Considering
that ESR is not specific for predicting disease activity in RA,
it seems reasonable to determine new specific biomarkers
correlating with disease activity and to propose new com-
posite index using these specific biomarkers for predicting
disease activity more accurately. Anti-CCP is a more specific
serologic marker than rheumatoid factor in diagnosing RA
patients; however, reports about the correlation of anti-CCP
and disease activity are controversial [13—19].

The aim of this study was to evaluate the correlation of
serum anti-CCP and disease activity based on the DAS28-
ESR.
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Materials and method
Ethical considerations

This study was performed according to the ethical stan-
dards for human experimentation and was approved by the
ethics committee of the Kashan University of Medical
Sciences. Written consent was obtained from the partici-
pants after explaining the aim of the study.

Patients and methods

This cross-sectional study was performed in consecutively
selected patients with RA who were admitted in the rheu-
matology clinic of Shahid Beheshti Kashan hospital during
2010. RA was diagnosed based on the American College of
Rheumatology criteria by an expert rheumatologist.
Patients were assessed for the number of tender or swelling
joints. Age and disease duration of the participants were
asked and registered. Blood samples were collected from a
peripheral vein after an overnight fast. The sera of the
participants were separated by centrifugation with the
speed of 1,500 rounds per minute for 10 min at room
temperature. Then it was stored at —86° centigrade until
the biochemical analysis was performed. Portions of blood
samples were collected into tubes for evaluation of ESR.

ESR was measured based on the amount of erythrocytes
sediment in 1 h and was reported as millimeter per hour
(mm/h) according to Westergren.

Patient global assessment of pain and general health was
measured using visual analogue scale (VAS) method and
was reported as millimeter (zero = no pain, and 100 =
worst pain possible).

Measurement of anti-CCP

Serum IgG antibodies against citrullinated protein (anti-
CCP) were measured with a commercial kit (EDRA Gen-
esis CPA kit; Genesis Diagnostics, UK). This quantitative
assay was performed using enzyme-linked immunosorbent
assay (ELISA) method according to manufacturer’s
instructions, and results were reported in unit per milliliter
(U/ml). Principle of the test is explained as below:
Diluted serum samples were incubated with recombinant
citrullinated rat filaggrin immobilized on microtitre wells.
After washing away unbound serum components, rabbit anti-
human IgG conjugated to horseradish peroxidase was added
to the wells and this was bonded to surface-bound antibodies
in the second incubation. Unbound conjugate was removed
by washing, and a solution containing tetramethylbenzidine
(TMB) and enzyme substrate was added to trace specific
antibody binding. Addition of stop solution terminated the
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reaction and provided the appropriate pH for color devel-
opment. The optical densities of the standards, controls, and
samples were measured using a microplate at 450 nm.

Measurement of disease activity

Disease activity was calculated using DAS28-ESR com-
posite index. DAS28-ESR is a commonly used scoring
system for prediction of disease activity. The range of the
test varies from zero to ten. DAS28-ESR scores less than
2.6 indicate patients in remission (comparable to American
College of Rheumatology remission criteria). Scores
between 2.6 and 3.2 indicate patients with low disease
activity. Scores between 3.2 and 5.1 indicate patients with
moderate disease activity. Scores above 5.1 indicate
patients with high disease activity [11].

Statistical analyses

The Kolmogorov—Smirnov test was used to evaluate the
normal distribution of the variables. Comparisons of mean
age, disease duration, number of tender or swelling joints,
serum anti-CCP, ESR, VAS, and DAS28-ESR between
men and women were performed by ¢ test. The correlation
between disease activity (based on DAS28-ESR) and
serum anti-CCP was analyzed by linear regression, and
correlation coefficient (Pearson) was calculated. Compari-
sons of mean serum anti-CCP in different disease activity
categories based on DAS28-ESR scores were performed by
analysis of variances (ANOVA) using Tukey post hoc tests.

Considering the correlation between the disease activity
based on DAS28-ESR with serum anti-CCP level in this
study, and the correlation between the disease activity
scores with the VAS, and number of tender or swelling
joints in the previous studies [20, 21], we decided to con-
struct a new composite index for predicting disease activity
by replacing the serum anti-CCP level with the ESR in the
DAS28-ESR composite index.

To construct the new composite index, we just replaced
the serum anti-CCP concentration with the amount of ESR
in the previous formula. Then we calculated the coefficient
of the Neperian logarithm (Ln) of the serum anti-CCP and
the constant of the new composite index by solver analysis
using excel 2007 software.

To assess the correlation validity of the new composite
index, the correlation of the absolute scores of the new
composite index was compared with the DAS28-ESR
scores by linear regression analysis, and correlation coef-
ficient was calculated.

ROC curve analysis was performed to set cut-off values
for new composite index (based on anti-CCP) to diagnose
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RA patients in different disease activity categories (patients
in remission, mild, moderate, and severe disease activity),
considering the DAS28-ESR cut-off values as the gold
standard. The best cut-off value was calculated through the
contact point of the ROC curve and the line with slope
equal to one in which the sum of sensitivity and specificity
was the highest.

Considering the calculated threshold values by ROC
curve analysis for the new composite index, the patients
were re-categorized. The numbers of patients in each dis-
ease activity categories in new composite index were
compared with the numbers of patients in DAS28-ESR
disease activity categories by using cross tabs and calcu-
lating kappa statistics. Kappa measures the agreement
between the evaluations of new and previous composite
indices when rating the same object.

Statistical analysis was performed using SPSS version
16 (SPSS, Chicago, IL, USA). The probability of the dif-
ference between the dependent and independent variables
was considered significant if P value is less than 0.05.

Results

One hundred and five patients (19 men and 86 women)
were included in the study. Serum anti-CCP, ESR, age, and
DAS28-ESR scores were normally distributed that are
shown in Fig. 1 (Z = 1.03, 1.22, 0.74, and 0.61, respec-
tively, all P values > 0.05).

Comparison of mean (£SD) age, duration of disease,
serum anti-CCP level, ESR, VAS, DAS28-ESR, and
number of tender or swelling joints between men and
women are shown in Table 1.

There was positive correlation between DAS28-ESR
and serum anti-CCP concentration (R2 = 0.71, P value
< 0.01).

Mean serum anti-CCP concentrations and frequencies of
the patients in different disease activity categories (based on
DAS28-ESR) are shown in Table 2. There was statistically
significant difference when mean serum anti-CCP concen-
tration in DAS28-ESR remission group was compared with
moderate group and when severe group was compared with
other groups (All P values < 0.01).

Constructing new composite index

The new composite index for predicting disease activity
was constructed as follows:

DAS anti — CCP = 0.56 x /(number of tender joints)
+0.28
X +/(number of swollen joints)
+ 1.63 x In(anti — CCP) 4 0.014
x VAS — 3.06

Anti-CCP was measured in unit per milliliter, and VAS
was measured in millimeter in this formula.
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Correlation validity of new composite index
and DAS28-ESR

There was correlation between absolute scores of the new
composite index and DAS28-ESR scores (R2 = 0.91,
P value < 0.01).

New composite index threshold values

Figure 2 shows ROC curves for determination of new
composite index values corresponded to the DAS28-ESR

Table 1 Comparison of mean (+SD) age, disease duration, serum
anti-cyclic citrullinated peptide antibody, erythrocyte sedimentation
rate, visual analogue scale, disease activity score 28-ESR, and number
of tender or swelling joints between men and women

Men Women P value
Age (years) 40 £83 402+ 116 09
Duration of disease (years) 7.1+54 7851 0.6
Number of tender joints 56+4 49+£47 05
Number of swollen joints 2+1.6 1.7£19 04
Serum anti-CCP level (U/ml) 264 £52 241 +7.1 0.1
Erythrocyte sedimentation 305+ 18.6 28 +£234 0.6

rate
347 £28.7 319 +299 0.7
43+£13 3817 02

Visual analogue scale (mm)

Disease activity score
28-ESR

Anti-CCP anti-cyclic citrullinated peptide, U/ml unit per milliliter,
mm millimeter

Table 2 Mean serum anti-cyclic citrullinated peptide antibody con-
centration (+£SD) and frequencies of patients in different disease
activity category measured by disease activity score 28-ESR

DAS28-ESR Serum anti-CCP (U/ml) Frequency (%)
Score < 2.6 182 £+ 3 23 (22)
2.6 < score < 3.2 21.6 + 3.7 12 (11)
3.2 < score < 5.1 237+ 39 48 (46)
Score > 5.1 343+ 55 22 (21)

DAS28-ESR disease activity score 28—erythrocyte sedimentation
rate, Anti-CCP anti-cyclic citrullinated peptide, U/ml unit per
milliliter

Fig. 2 Receiver operating 1.0
characteristic (ROC) curves of
the new composite index values 081
corresponding to disease *E' 06 |
activity score 28-ESR cut-off 2
values of 2.6 (left), 3.2(middle), S 04
and 5.1(right) as the gold @
standards 0.2 1
Area Under Curve = 0.95
0.0

00 02 04 06 08 1.0
1 - Specificity
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values of 2.6, 3.2, and 5.1, respectively. The new com-
posite index best cut-off values corresponding to DAS28-
ESR values of 2.6, 3.2, and 5.1 were 3.21, 3.38, and 4.74,
respectively. (Table 3).

New disease activity categorization

The patients were re-categorized based on new threshold
values calculated by ROC curve analysis. The distribution of
the patients in each disease activity category in new com-
posite index based on the new threshold values and DAS28-
ESR disease activity categories are shown in Fig. 3. There
were agreement between the new composite index disease
activity categories (according to the cut-off values calculated
by the ROC curve analysis) and DAS28-ESR disease activity
categories (Kappa = 0.71, P value < 0.01).

Discussion

This study in definite RA patients with longstanding and
medium active disease showed the correlation between
serum anti-CCP levels and DAS28 scores. Considering the
higher specificity of anti-CCP than other inflammatory
biomarkers in predicting disability in RA patients [22], a
new composite index for predicting disease activity was
developed by replacing anti-CCP with ESR in DAS28
model. The positive correlation between the new composite
index scores and the DAS28-ESR scores showed the cor-
relation validity of the new model. Considering the
DAS28-ESR as the gold standard, the high area under
curve (AUC) in the ROC curve analysis indicates the great
diagnostic accuracy of the calculated cut-off values for new
disease activity score in determination of patients in dif-
ferent disease activity categories. Using kappa statistics,
the number of patients in new disease activity categories
was found to be in substantial agreement with DAS28-ESR
disease activity categories.

The correlation of anti-CCP level with disease activity
in this study is in concordant with the results of some
studies in the literature; however, studies that did not found
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Table 3 New composite index values corresponding to disease
activity score 28-ESR cut-off values

DAS28-ESR New composite Sensitivity Specificity
index (%) (%)

2.6 321 90 96

32 3.38 84 92

5.1 4.74 100 97

DAS28-ESR disease activity score 28-erythrocyte sedimentation rate

New composite
index categories
EiLow EModerate

[JRemission [ | High

100% —

80%

60% —

Count

40%

20% —

0%

Remission Low Moderate High
Disease Activity Score 28-ESR
categories

Fig. 3 Distribution of the patients in each disease activity category in
new composite index based on the new threshold values and disease
activity score 28-ESR categories

this correlation exist. Miriovsky et al. [6] showed that
higher anti-CCP was associated with increased disease
activity in US veterans with RA. In the study of Onder et el
in 61 Turkish RA patients with mean disease duration of
108.5 months, anti-CCP positivity was associated with
higher scores of DAS28 [13]. Landmann et al. [15] showed
a correlation between anti-CCP and DAS28 in Germany.
The correlation was more positive in erosive RA patients
than non-erosive ones, and median disease duration was
34 months. Chen et al. [23] demonstrated a low correlation
between anti-CCP and DAS28 (r = 0.37) in 90 RA patients
in Taipei, who did not responded to standard DMARD
therapy. Inanc et al. [24] reported that mean DAS28 scores
in anti-CCP-positive group of Turkish RA patients were
higher than anti-CCP-negative group. Meanwhile, some
studies showed no correlation between anti-CCP levels and

disease activity based on DAS28 scores from Thailand,
Greece, and Egypt [16-18, 25, 26]. Anti-CCP levels did
not change in responders to anti-TNF therapy, although the
DAS28 activity score and other inflammatory biomarkers
decreased significantly [27-29]. There is one report that
showed decrease of anti-CCP level in responders to Kampo
(a traditional herbal medicine in Japan) therapy [30].

We suggest that the controversy about the correlation
between anti-CCP and disease activity in the above men-
tioned studies may be related to the differences in patient
characteristics (especially their ethnicity), duration of dis-
ease and follow-up, and disease severity in the studied
populations. These parameters may influence on the power
and type of immune response and thereby cause different
levels of anti-CCP production.

This study included patients with longstanding and
medium active disease, and those with early RA and high
active disease were not included. This limitation is due to
the patient selection method. The patients were consecu-
tively selected, and there was no randomization. As a
result, patients with early RA and high active disease were
not enrolled unfortunately. Therefore, the results of this
study cannot be generalized to all RA patients. Another
limitation of this study was the cross-sectional design that
could not determine the changes of anti-CCP during the
course of disease. To define a new disease activity index,
patients follow-up with longitudinal studies should be
performed. Therefore, further studies are necessary to
evaluate the correlation between serum anti-CCP concen-
tration and radiographic damage (construct validity) and to
define the discrimination validity of new model in larger
cohorts of RA patients. We also suggest that the new
results have to be compared with other validated scores.
Further studies to define the best cut-off values for the new
model in different patient populations are proposed.
Recently, new more sensitive serum biomarkers like anti-
body against mutated citrullinated vimentin have attracted
attention for early diagnosis and prognosis of RA [31, 32].
Prospective studies about the relationship of this antibody
and disease activity are recommended.

In summary, this cross-sectional study showed the fol-
lowing: (1) There was correlation between serum anti-CCP
and disease activity based on DAS28-ESR composite
index. (2) New model for predicting disease activity was
developed by replacing serum anti-CCP level with ESR in
DAS28-ESR composite index, and correlation validity of
the new model was determined. (3) Considering the
DAS28-ESR scores as the gold standards, the best cut-off
values for new composite index were calculated to diag-
nose RA patients in different disease activity categories. 4)
There was agreement between new composite index and
DAS28-ESR.
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Conclusion

The new disease activity index that applies serum anti-CCP
may predict disease activity in RA.
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