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Abstract
Introduction Antibody against cyclic citrullinated protein (ACPA) is counted as one of the most important biomarkers in
diagnosis, classification, and prognosis of rheumatoid arthritis (RA). We examined the evolution of ACPA during disease course
and assess predictive value of time-weighted cumulative ACPA titer on radiographic progression in RA patients.
Method A group of 734 patients with RAwas followed longitudinally over 2 years, with annual measurements of ACPA. The
cumulative titers of ACPAwere calculated using the trapezoidal rule and were divided into three categories: negative, low-to-
moderate, and high. Radiographs of the hands were scoredwith themodified Sharp score (SHS).Multivariable logistic regression
models were performed to identify independent predictors over follow-up for individual patients with different combinations of
risk factors. The effect size was computed by Cohen’s d method.
Results The patients with radiographic progression had a higher SHS at baseline; and smoking status, diabetes, RF positivity, and
use of biologic DMARDs were independently associated with radiographic progression (all P < 0.05). As for ACPA, reversion
happened more commonly in men and was associated with younger onset age and lower titer at baseline, but it had no direct
relevance to radiographic outcome. In multivariable regression analysis, only high cumulative or baseline titer of ACPA had a
predictive power for rapid radiographic progression (all P < 0.05), and cumulative ACPA titer was superior in terms of statistical
significance (Cohen’s d, 0.637 versus 0.583).
Conclusions High cumulative ACPA titer was independently associated with accelerated radiographic progression, especially
with initiation of joint damage.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune inflam-
matory disease characterized by synovial inflammation and
hyperplasia, autoantibody production, and joint destruction,
which can eventually lead to structural and functional impair-
ments and a decrease in the quality of life [1]. Antibodies
against cyclic citrullinated protein (ACPAs), the key compo-
nents of RA classification criteria [2], are found in more than
70% of patients with RA and appear several months or years
before the clinical onset of RA [3, 4]. They not only show an

excellent diagnostic performance of 98% specificity and 68%
sensitivity [5] but also have a predictable power for radio-
graphic progression and bone erosions [6–10]. It is notewor-
thy that a high titer of ACPA has been associated with more
severe radiographic progression [7, 11]. Several provocative
lines of evidences support the ACPA’s direct involvement in
the pathogenesis of disease and joint destruction, as well as its
role as a biomarker [12–14]. Administration of ACPAs into
mice with experimental arthritis significantly enhanced in-
flammation when mild synovitis was already present [12],
and this was mediated partly by specifically binding cartilage
via cross-recognition of a flexible epitope on type II collagen
that mimicked the citrulline-containing structure [13].
Clinically, B cell-depleting therapy using rituximab has prov-
en to be more effective, particularly in patients with RA car-
rying the ACPA [15]. Based on these findings, it is assumed
that the concentration of ACPA and duration of exposure to it
would have a substantial impact on the development and prog-
ress of the disease.
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Levels of ACPA can fluctuate with the course of disease,
and seroconversion (from negative to positive) or
seroreversion (from positive to negative) is observed on occa-
sion in a subset of patients with RA in clinical practice.
However, the significance of this change remains controver-
sial [16–26]. Decrease of ACPA titer correlated with clinical
response after treatment with methotrexate or tumor necrosis
factor (TNF) inhibitors such as etanercept, adalimumab, and
infliximab in several studies [16–19, 26], but not in others [20,
21]. Inconsistent results might be ascribed partly to differ-
ences in the study design (prospective or retrospective), char-
acteristics of study subjects (size, ethnicity, ages, gender ratio,
disease activity and duration, comorbidity), treatment agents
and duration, interval between baseline and follow-up, and
type of antibody assay.

Evolution of ACPA titer and its cumulative effect in terms
of exposure time to radiographic progression is not well de-
fined. To tackle these questions, we examined annual mea-
surements of titers of IgM rheumatoid factor (RF) and
ACPA in a group of RA patients and examined the changes
of antibody levels over time. We also calculated the time-
weighted cumulative volume of antibody and investigated its
association with radiographic progression.

Patients and methods

Patients

A total of 1208 RA patients who fulfilled the 2010 RA clas-
sification criteria [2] and had received care at St. Vincent’s
Hospital, the Catholic University of Korea (Suwon,
Republic of Korea) between 2003 and 2017 were identified.
Clinical, laboratory data and radiographic images were re-
trieved from the medical records. Of these, 756 had X-rays
of the hands available for scoring from baseline and over
2 years of follow-up, and 962 had annual records of RF and
ACPA test over a 2-year period, which were aimed at
inspecting the change of antibodies during the treatment. A
total of 734 had both criteria and were enrolled in this study.
The study group was maximally followed up to 175 months.
The study was carried out in accordance with the Helsinki
Declaration and approved by the Institutional Review Board
of St. Vincent’s Hospital, the Catholic University of Korea
(No. VC18RESI0136).

Assay of RA-associated antibodies

ACPA was analyzed by chemiluminescent microparticle im-
munoassay (Abbott Laboratories, IL, USA), and a positive
reading was defined with a cutoff value of 5 U/mL. The anti-
body concentration maximum was defined as 340 U/mL, and
for statistical purposes, the value of 340 U/mLwas assigned to

all measurements > 340 U/mL. ACPAwas divided into three
categories: < 5 U/mL (negative), 5–200 U/mL (low to moder-
ate level), and > 200 U/mL (high level) in conformity with a
previous study [7]. RF titers were measured with a latex ag-
glutination test (Beckman Coulter, CA, USA) with a cutoff
value of 14 U/mL. RF levels were also divided into three
categories: < 14 U/mL (negative), 14–100 U/mL (low to mod-
erate level), and > 100 U/mL (high level) in conformity with a
previous study [9]. The evolution of antibodies between base-
line and follow-up visits was stratified into four trajectories:
remain negative, remain positive, conversion (negative at
baseline to positive ever once during follow-up), and rever-
sion (positive at baseline to negative ever once during follow-
up).

Calculation of time-weighted cumulative volume
of antibodies

The cumulative volume of antibodies was calculated using the
trapezoidal rule [27]. If we have measurements y1 and y2 at
times t1 and t2, then the area under the curve (AUC) between
those two times is the product of the time difference and the
average of the two measurements. If we have n + 1 measure-
ments yi at times t (i = 0,…, n), then the AUC is calculated as:

AUC ¼ 1

2
∑
n−1

i¼0
tiþ1−tið Þ yi þ yiþ1

� �

The unit of time difference was set to months, and the
integrated amount of antibody was further adjusted by total
duration of follow-up (months) to facilitate comparison with
the baseline value.

Radiographic evaluation

Anteroposterior radiographs of the hands were scored by
two experienced readers by van der Heijde modified Sharp
score (SHS) [28]. The films were scored in chronological
order, and the readers were blinded for all patient data. The
potential maximum total score for both hands is 280 (16
areas scored for erosions [score 0–5] and 15 areas for joint
space narrowing [score 0–4] in each hand). A change in the
hand SHS at a rate of > 1 unit/year during a follow-up
period over 2 years was regarded as radiographic progres-
sion in conformity with a previous study [7]. The interob-
server reliability was assessed by calculating the intraclass
correlation coefficient, and it was 0.860 (95% confidence
interval [CI], 0.779 to 0.922).

Statistical analyses

For continuous distributed data, the results are shown as
means with standard deviation (SD) or medians with
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interquartile ranges (IQRs); between-group comparisons were
performed using the Student’s t test or Mann–Whitney U test.
Categorical or dichotomous variables are expressed as fre-
quencies and percentages and were compared using the chi-
squared test or Fisher’s exact test. Multivariable logistic re-
gression models were performed to identify independent pre-
dictors and to calculate the probability of having radiographic
progression over follow-up for individual patients with differ-
ent combinations of risk factors. The independent variables
were selected from univariate analyses if their P value was
< 0.10. The effect size was computed by Cohen’s d method
[29]. Radiographic outcome in the three antibody level cate-
gories was depicted as a cumulative probability plot. A two-

sided P value of less than 0.05 was considered statistically
significant. All statistical analyses were performed using R
(version 3.5.0, The R Project for Statistical Computing,
www.r-project.org).

Results

Characteristics of the study population

The baseline characteristics of the study subjects (n = 734) and
separate baseline values for patients with and without radio-
graphic progression are given in Table 1. The median age of

Table 1 Baseline characteristics of the study subject and separate values for patients with and without radiographic progression

All patients (n = 734) Progressors (n = 149) Non-progressors (n = 585) P value *

Female, n (%) 607 (82.7) 129 (86.6) 478 (81.7) 0.200
Age (years) 59 [51, 67] 52 [43, 63] 52 [45, 60] 0.746
Disease duration (years)† 0 [0, 1] 0 [0, 2] 0 [0, 1] 0.020
Observational period (years) 8 [5, 10] 8 [5, 10] 7 [5, 10] 0.433
BMI, n (%) 0.133
Underweight 54 (7.5) 15 (10.1) 39 (6.7)
Normal 518 (70.5) 108 (72.5) 410 (70.2)
Overweight 134 (18.2) 19 (12.8) 115 (19.7)
Obese 27 (3.8) 7 (4.7) 20 (3.4)

Smoking, n (%) ‡ 119 (16.2) 16 (10.7) 103 (17.8) 0.052
Diabetes, n (%) 76 (10.4) 22 (14.8) 54 (9.2) 0.067
Hypertension, n (%) 212 (28.9) 42 (28.2) 170 (29.1) 0.914
Dyslipidemia, n (%) 331 (45.1) 65 (43.6) 266 (45.5) 0.755
Osteoporosis, n (%) 289 (39.4) 59 (39.6) 230 (39.3) 0.998
ESR (mm/h) 40 [24, 46] 54 [30, 71] 37 [23, 61] < 0.001
CRP (mg/dL) 0.6 [0.2, 2.1] 1.3 [0.3, 3.6] 0.5 [0.2, 1.8] < 0.001
DMARDs, n (%) § < 0.001
Conventional 514 (70.0) 71 (47.7) 443 (75.7)
Biologic 220 (30.0) 78 (52.3) 142 (24.3)

SHS
Baseline (units) 0 [0, 11] 2 [0, 26] 0, [0, 6] < 0.001
Progression rate (units/year) 0.14 [0.0, 0.75] 2.1 [1.4, 3.4] 0.0 [0.0, 0.3] < 0.001

IgM RF
Positive, n (%) 641 (87.3) 139 (93.3) 502 (85.8) 0.021
Titer (IU/mL) 64.7 [28.1, 170.3] 66.6 [34.9, 161.2] 64.2 [26.9, 175.0] 0.510
Subgroup, n (%) 0.123
Negative 101 (13.7) 13 (8.7) 88 (15.0)
Low to moderate 348 (47.4) 77 (51.7) 271 (46.3)
High 285 (38.8) 59 (39.6) 226 (38.6)

ACPA
Positive, n (%) 653 (89.0) 133 (89.3) 520 (88.9) 1.000
Titer (IU/mL) 81.9 [24.7, 126.4] 79.0 [31.4, 110.8] 82.0 [23.4, 128.2] 0.918
Subgroup, n (%) 0.973
Negative 81 (11.0) 16 (10.7) 65 (11.1)
Low to moderate 534 (72.8) 108 (72.5) 426 (72.8)
High 119 (16.2) 25 (16.8) 94 (16.1)

ACPA anti-cyclic citrullinated protein antibody, BMI body mass index,CRP C-reactive protein,DMARD disease-modifying anti-rheumatic disease, ESR
erythrocyte sedimentation rate, RF rheumatoid arthritis, SHS van der Heijde modified Sharp score

*Comparison between progressors and non-progressors

†Disease duration represents the time after diagnosis before observation begin. In 511 patients, observation began with initial diagnosis of RA

‡Include ex- and current smokers

§Biologic DMARDs were counted if they were ever used during the whole follow-up period. Conventional DMARDs include methotrexate,
hydroxychloroquine, sulfasalazine, leflunomide, and tacrolimus. Biologic DMARDs include tumor necrosis factor inhibitors (etanercept, adalimumab,
infliximab, golimumab), tocilizumab, abatacept, rituximab, and tofacitinib
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the patients was 52 [44, 61] years and 82.7% (n = 607) were
female. The patients were followed up for a median of 8 [5,
10] years. At baseline, 87.3% (n = 641) were seropositive for
RF and 89.0% (n = 653) for ACPA, respectively. At baseline
34.2% (n = 251) had erosive disease, and after follow-up
52.0% (n = 382). The median SHS at baseline was 0 [0, 10]
and 3 [0, 15] at follow-up. Radiographic progression devel-
oped in 20.3% (n = 149) of patients (> 1 unit/year). The me-
dian yearly progression rate (SHS/follow-up period) was 0.14
[0.0, 0.75] unit/years.

As compared with the patients without radiographic
progression, the patients with radiographic progression
had a higher SHS at baseline (P < 0.001), higher levels of
ESR and CRP (all P < 0.001), and a longer disease duration
(P = 0.020). Taking into account all of the DMARDs pre-
scribed during the follow-up period, biologic DMARDs
were more often used in patients with radiographic pro-
gression (52.3% versus 24.3%, P < 0.001). There was a
higher proportion of patients with RF positivity at baseline
among the patients with radiographic progression (P =
0.021), while there was no difference in the proportion of
patients with ACPA positivity between the two groups
(89.3% versus 88.9%, P = 1.000). Among patients with
radiographic progression, the frequency of smoking was
lower, and the rate of diabetes was higher by only a mar-
ginal significance (P = 0.052 and P = 0.067, respectively).

Cumulative titer and evolution of RF and ACPA

RF and ACPA were measured on average 6.67 ± 3.60 SD
times per person at a mean interval of 11.26 ± 5.20 SD
months. The variation of RF and ACPA titer over time divided
into three categories at baseline, and along with radiographic
progression, were plotted in Fig. 1. The time-adjusted cumu-
lative titer of antibodies was calculated using the trapezoidal
rule, taking into account the values of serial measurement and
intervals between time points [27], and is summarized in
Table 2. The time-adjusted cumulative titer of IgM and
ACPA did not differ in the distribution of values or category
assignment (negative, low to moderate, and high) between the
two groups (all P > 0.05) (Table 2). The cumulative ACPA
titer was strongly correlated with the baseline ACPA titer
(γ = 0.792, P < 0.001).

In terms of RF evolution, most of RF conversion and re-
version occurred in low-to-moderate or negative RF titer
groups (26.8% versus 0.4%, P < 0.001). Conversion was less
frequent, and reversion was more frequent in patients with
radiographic progression, but this difference failed to attain
statistical significance (P = 0.056). No discernible difference
was found in the evolution of ACPA between the two groups
(P = 0.623). However, on the whole, ACPA positivity or neg-
ativity changed little (84.2% versus 72.8%) and conversion or
reversion was relatively rare (15.8% versus 27.2%) as

compared with RF (P < 0.001 for both). As for ACPA, rever-
sion (from positive at baseline to negative during follow-up)
(n = 96) happened more commonly in men (26.0% versus
16.9%, P = 0.045), and at a younger age of onset (51[44, 57]
versus 53 [46, 62] years, P = 0.048), and lower titer at baseline
(24.1[11.6, 96.0] versus 100.0[49.3, 154.3] U/mL, P < 0.001)
as compared with the Bremain positive^ subgroup (n = 557).
In 2.7% (n = 20) of patients, ACPA was absent at baseline
but appeared during follow up and the titer was variable,
from low to high (range 5.3–340 U/mL). Conversion of
ACPA took place more frequently in progressors as com-
pared with non-progressors (37.5% [6/16] versus 21.5%
[14/65]), but the difference was statistically insignificant
(P = 0.316).

Independent predictors of radiographic progression

Baseline radiographic score, erythrocyte sedimentation rate
(ESR) or C-reactive protein level, presence of RF and
ACPA, smoking status, and body mass index (BMI) are
known to have predictive power for radiographic progression
in RA [7, 30–32]. In order to identify the predictive factor for
radiographic progression in the present study population, we
performed multivariable logistic regression model analysis,
including the baseline variables with a P < 0.1 in addition to
known predictable factors (Table 3). Smoking status, diabetes,
positive RF, and use of biologic DMARDs are independently
associated with radiographic progression (all P < 0.05). Use of
biologic DMARDs had the strongest association (OR [95%
CI] 3.39 [2.29, 5.01], P < 0.001), followed by the presence of
RF (OR [95% CI] 2.75 [1.29, 5.85], P = 0.009). In principle,
biologic DMARDs were used when methotrexate-based dou-
ble or triple combinations of DMARDs over 6 months did not
effectively control the patient’s disease activity in this study
group. BMI and baseline ESR were marginally associated
with radiographic progression (all P < 0.1), and positive
ACPA was not an independent factor (P = 0.507). Titer and
stratified subgroups by levels of ACPA did not attain the sta-
tistical significance as an independent variable (data not
shown).

Independent factor for radiographic progression rate

Next, in order to identify the factors for severity of radio-
graphic progression in progressors (n = 149), we performed
a multivariable linear regression model analysis on the pro-
gression rate of SHS (units/year) separately adjusted for
baseline or cumulative RF and ACPA (Table 4). Only high
baseline or cumulative titer of ACPA was significantly as-
sociated with the radiographic progression rate (all
P < 0.05), and the effect size of cumulative titer was stron-
ger than that of baseline titer (Cohen’s d, 0.637 versus
0.583). The radiographic progression rate with high titer
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of ACPAwas significantly more rapid than rate with nega-
tive or low-to-moderate titer (all P < 0.05) (Fig. 2a). The
change in SHS over time in the three ACPA level categories
is depicted in a probability plot (Fig. 2b).

Discussion

Joint damage and the resultant deformation accounts for a
substantial number of cases of disability and poor quality of
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Fig. 1 Changes of IgM RF and ACPA titer over the follow-up period.
Plots were separated by baseline three-level categories and radiographic
progression status. Each point is the titer at a specific time point and is
linked by a single patient. A group of the linked points reflects the

transition of RF or ACPA in a single patient. a Variation of IgM RF titer.
The value was imposed a ceiling on 1000 IU/ml for better visualization. b
Variation of ACPA titer. ACPAwas assayed up to 340 U/mL at maximum
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life in RA, in both the earlier and established phases of the
disease [33, 34]. The importance of identifying the predictive
factor for rapid radiographic progression, and that of early and
aggressive treatment of the high-risk patients, can hardly be

emphasized enough. In this study, we showed that a high
cumulative titer of ACPA was closely associated with more
rapid radiographic progression, although it was not signifi-
cantly different between the progressors and non-progressors.
However, RF status at baseline was helpful for predicting
radiographic progression. In a subset of patients, conversion
or reversion of RF and ACPAwas observed during the follow-
up period, but the change had no direct relationship with the
radiographic outcome.

In this study, use of biologic DMARDs, RF positivity,
smoking status, and diabetes were independent predictors of
radiographic progression. The patients who received biologic
DMARDs were regarded as having had a higher disease ac-
tivity or having suffered severe disease for a considerable time
because they showed inadequate response at least over
6 months to methotrexate-based DMARDs combination treat-
ment. The longitudinal level of disease activity is reported to
have a close relationship with radiographic progression [35,
36]. The relationship of RFwith radiographic progression was
confirmed in a series of studies [9, 30, 35, 37]. However, the
clinical usefulness of RF in making an accurate estimate of
radiographic progression might be weak because the

Table 2 Cumulative titer and
evolution of IgM RF and ACPA
in patients with and without
radiographic progression

Progressors (n = 149) Non-progressors (n = 585) P value *

IgM RF

Titer (IU/mL) 55.2 [26.1, 123.3] 51.0 [23.3, 122.3] 0.567

Subgroup, n (%) 0.475
Negative† 20 (13.4%) 97 (16.6%)

Low to moderate 78 (52.3%) 313 (53.5%)

High 51 (34.2%) 175 (29.9%)

Evolution‡ 0.056
Conversion 4 (2.7%) 40 (6.8%)

Reversion 39 (26.2%) 117 (20.0%)

Remain positive 100 (67.1%) 385 (65.8%)

Remain negative 6 (4.0%) 43 (7.4%)

ACPA

Titer (IU/mL) 80.4 [27.9, 142.7] 77.9 [20.9, 155.1] 0.834

Subgroup, n (%) 0.645
Negative† 15 (10.15) 72 (12.3%)

Low to moderate 116 (77.9%) 453 (77.4%)

High 18 (12.1%) 60 (10.3%)

Evolution‡ 0.623
Conversion 6 (4.0%) 14 (2.4%)

Reversion 19 (12.8%) 77 (13.2%)

Remain positive 114 (76.5%) 443 (75.7%)

Remain negative 10 (6.7%) 51 (8.7%)

ACPA anti-cyclic citrullinated protein antibody, RF rheumatoid arthritis

*Comparison between progressors and non-progressors

†Patients were assigned to the negative if the time-adjusted cumulative amount was less than the cutoff value, to
facilitate comparison with the baseline values

‡Conversion or reversion was counted if IgM orACPA be converted or reverted at least once during the follow-up
period

Table 3 Multivariable logistic regression models to identify
independent predictors of radiographic progression

Variables B OR (95% CI) P value

Disease duration 0.003 1.00 (0.97, 1.04) 0.846

BMI − 0.049 0.95 (0.0, 1.01) 0.092

Smoking − 0.749 0.47 (0.26, 0.87) 0.015

Diabetes − 0.634 1.89 (1.05, 3.40) 0.035

ESR 0.006 1.00 (0.99, 1.01) 0.056

Baseline SHS 0.007 1.01 (0.99, 1.02) 0.116

Use of biologic DMARDs 1.220 3.39 (2.29, 5.01) < 0.001

Positive IgM RF 1.010 2.75 (1.29, 5.85) 0.009

Positive ACPA − 0.217 0.80 (0.42, 1.53) 0.507

ACPA anti-cyclic citrullinated protein antibody, B beta coefficient, BMI
body mass index, CI confidence interval, DMARD disease-modifying
anti-rheumatic drugs, ESR erythrocyte sedimentation rate, OR odds ratio,
RF rheumatoid factor, SHS van der Heijde modified Sharp score
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proportion of patients with positive RF was greater than 85%
both in progressors and non-progressors. Index event bias
may explain the paradoxical negative association between
smoking on radiographic progression (OR 0.47, P = 0.015)
[38]. Index event bias means that all recurrent risk analyses

are prone to a particular bias that leads to such paradoxical
results. It has been reported that development of diabetes is
associated with poor clinical response in RA [39]. Contrary to
previous studies [6–9, 11, 30], ACPA status at baseline did not
differ significantly between progressors and non-progressors.

Table 4 Multivariable linear
regression models to identify
independent factors on the
radiographic progression rate

Adjusted for baseline IgM RF and
ACPA

Adjusted for cumulative IgM RF and
ACPA

Variables B 95% CI P value B 95% CI P value

Disease duration − 0.03 − 0.07, 0.01 0.121 − 0.04 − 0.08, 0.01 0.085

BMI − 0.05 − 0.12, 0.01 0.120 − 0.06 − 0.13, 0.01 0.078

Smoking 0.17 − 0.61, 0.95 0.673 0.11 − 0.67, 0.88 0.786

Diabetes − 0.10 − 0.78, 0.58 0.779 0.01 − 0.67, 0.68 0.983

Use of biologic DMARDs − 0.07 − 0.56, 0.41 0.764 − 0.07 − 0.54, 0.41 0.780

ESR 0.00 − 0.00, 0.01 0.430 0.00 − 0.01, 0.01 0.545

Baseline SHS 0.00 − 0.00, 0.01 0.772 0.00 − 0.01, 0.01 0.665

Baseline

IgM RF

Low to moderate 0.02 − 0.94, 0.99 0.963

High − 0.14 − 1.16, 0.87 0.783

Anti-CCP

Low to moderate 0.51 − 0.29, 1.31 0.213

High 1.26 0.30, 2.23 0.010

Cumulative

IgM RF

Low to moderate − 0.22 − 0.93, 0.49 0.548

High − 0.30 − 1.07 0.445

ACPA

Low to moderate 0.13 − 0.67, 0.93 0.748

High 1.29 0.25, 2.33 0.005

ACPA anti-cyclic citrullinated protein antibody, B beta coefficient, BMI body mass index, CI confidence interval,
DMARD disease-modifying anti-rheumatic drugs, ESR erythrocyte sedimentation rate, OR odds ratio, RF rheu-
matoid factor, SHS van der Heijde modified Sharp score

Fig. 2 Radiographic progression
rate by van der Heijde modified
Sharp score (SHS) according to
cumulative anti-CCP titer in
progressors. a Bar plot. b
Cumulative probability plot
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The rate of positive ACPA in this study group was 89.0%,
which is remarkably higher compared with that of the RA
population in previous studies (50–70%). This establishes
the study subjects as having true RA, but the high dispropor-
tion between patients with and without ACPA, specifically,
less effective contribution by a small proportion of ACPA-
negative patients, probably would dilute their differential ef-
fect on radiographic progression according to ACPA status.
Recent trend in early and aggressive use of biologic DMARDs
before discernible joint damage begins might be instrumental
to this result as well.

However, we corroborated that high levels of ACPA are
related to accelerated radiographic progression, especially in
patients whose joint damage had just begun. A higher SHS at
baseline in progressors might be ascribed partly to longer dis-
ease duration (Table 1), but this confounding effect was ad-
justed by multivariable analysis (Table 3). This finding is in
good agreement with the experimental observation that ad-
ministration of ACPA promoted the development and severity
of inflammation in mice when submaximal arthritis was insti-
gated, although the antibody administration alone was insuf-
ficient for development of the arthritis [12]. However, in a
recent study by Jonsson et al., radiographic progression was
not associated with baseline levels or changes of ACPA reac-
tivity in DMARD-naïve early RA patients [40]. As in our
result, ACPA positivity did not have an independent predic-
tive power for radiographic progression. Taken together, high
titer of ACPA and the presence of baseline joint damage are
the more highly weighted factors than ACPA positivity itself.
Some RA patients develop radiographic progression despite
the achievement of remission or low disease activity [41]. In a
recent study by Koga et al., ACPA positivity was also the
strongest independent predictor of clinically relevant radio-
graphic progression in those patients [42]. Cumulative
ACPA titer was a good marker for the effect, because dose
and exposure time are important for a toxic substance to have
a pathogenic effect. However, the baseline ACPA titer has a
close correlation with the cumulative ACPA titer and was not
so inferior for predicting the radiographic progression. This is
probably because conversion and reversion are relatively rare,
and with a small width of variation [23, 26].

One clinical question is whether seroconversion or
seroreversion can take place, and their clinical implica-
tions. Guzian et al. reported that conversion and reversion
of RF and ACPA blurred the prognostic significance of
initial RF and ACPA positivity, and anti-Sa predicted se-
vere outcome even if it disappeared afterward [23].
Kastbom et al. suggested that early disappearance of a
particular subtype of ACPAs may be associated with bet-
ter radiological outcomes [24]. We confirmed that sero-
conversion or seroreversion takes place in a small propor-
tion of patients; and in particular, reversion of ACPA is
more common in men and is associated with a younger

onset age and low titer at baseline, which is consistent
with the previous result [23]. However, it had no direct
relation with radiographic outcome. It is difficult to claim
that disappearance of ACPA, especially at a certain time
point, is associated with clinical response or radiographic
outcome because it can fluctuate over time irrespective of
treatment response and cannot represent rheumatoid in-
flammation on its own [22, 24, 43]. It is noteworthy that
a small proportion of patients (2.7%) were seronegative
for ACPA at baseline and converted to seropositive status
later. It would be interesting to investigate the difference
is between the consistently seronegative and converted
RA patients in terms of clinical features, treatment choice,
and radiographic prognosis, and whether subsequent
emergence of ACPA can predict radiographic progression
similar to pre-existing ACPA at baseline, although we
failed to verify it due to the small sample size.

There are some limitations to be addressed in this study.
First, radiographic images evaluations and antibody assays
were prospectively executed, but data were retrospectively
collected. Retrospective data collection is inherently suscepti-
ble to bias, including both misclassification, information, and
selection bias. However, we thoroughly reviewed the fulfill-
ment of RA classification criteria, and images and antibody
records are objective data without bias. High frequency of
seropositivity might be ascribed to selection bias, but this
facilitated the comparison between the ACPA subgroups
by titer. Second, we did not analyze the association with
the disease activity index because records of disease ac-
tivity index were incomplete and were mainly from pa-
tients receiving biologic DMARDs. Third, the maximal
limits of ACPA measurement was set to 340 U/mL, so
that accurate estimate of cumulative titer were not possi-
ble. Fourth, radiographs of the feet were not available for
all patients.

The discovery of the ACPA over the last decades has great-
ly enhanced our understanding of the pathogenesis of RA and
has changed the paradigm of diagnosis and classification in
RA [4]. Serial measurement of ACPA can provide information
about its dynamics over the clinical course of RA and can
facilitate additional estimates of radiographic progression.
However, detailed clinical implications largely remain unde-
fined. Further investigation and research may allow refine-
ment in our understanding of the ACPA in RA and its bene-
ficial application in clinical practice.
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