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Anti–Cyclic Citrullinated Peptide Antibodies Correlate to
Ultrasound Synovitis in Rheumatoid Arthritis Better Than

C-Reactive Protein

Cheng-Hsun Lu, MD,*† Lung-Fang Chen, MD,‡ Yi-Min Huang, MD,§ Chiao-Feng Cheng, MD,§

Song-Chou Hsieh, PhD,* and Ko-Jen Li, MD, PhD*
Objectives: The aim of this study was to compare ultrasound (US) grad-
ing and laboratory measures in patients with rheumatoid arthritis.
Methods: Two-hundred four patients with rheumatoid arthritis who re-
ceived US evaluation for synovitis were included after excluding those
using tocilizumab. Ultrasound grading of synovial hypertrophy (SH) and
power Doppler (PD) at the most severe site were recorded. An assessment
of the correlation of laboratorymeasures andUS grading was conducted by
reviewing the electronic medical records.
Results: High-titer anti–cyclic citrullinated peptide (anti-CCP) antibodies
positivity was associated with SH grade ≥2 (odds ratio [OR], 6.00; 95%
confidence interval [CI], 1.78–20.2) and PD grade ≥2 (OR, 5.56; 95%
CI, 1.82–16.9). Recent C-reactive protein (CRP) levels ≥0.3 mg/dL were
associated with SH grade≥2 (OR, 3.13; 95%CI, 1.38–7.10) and PD grade
≥2 (OR, 2.38; 95% CI, 1.31–4.31). Anti-CCP antibody levels correlated
with US scores better than the levels of CRP with higher Spearman ρ cor-
relation coefficients. Most of the patients with recent CRP levels <0.3 mg/
dL had US synovitis. In logistic regression, high levels of anti-CCP anti-
bodies and CRP were both independently associated with SH grade ≥2
and PD grade ≥2.
Conclusions: Higher levels of anti-CCP antibodies and CRPmay predict
synovitis on US, whereas discrepancies existed between inflammatory
markers and US grading. These findings suggest that US has a role in
the comprehensive assessment of disease activity, especially for patients
with high-titer positive anti-CCP antibodies.
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U ltrasound (US) has been widely applied in rheumatoid arthri-
tis (RA) in recent decades as a reliable imaging technique that

detects more erosions than conventional radiography, especially in
early RA.1,2 When there is diagnostic doubt, US can be used to
improve the certainty of a diagnosis of RA.2 Ultrasound can detect
synovial proliferation, joint effusion, tendinitis, and bone erosion
From the *Division of Allergy, Immunology, and Rheumatology, Department of
Internal Medicine, National Taiwan University Hospital; †Graduate Insti-
tute of Clinical Medicine, College of Medicine, National Taiwan Univer-
sity; and ‡Department of Internal Medicine, Wan Fang Hospital, Taipei
Medical University, Taipei; and §Division of Allergy, Immunology, and
Rheumatology, Department of Internal Medicine, National Taiwan Univer-
sity Hospital Yun-Lin Branch, Yunlin, Taiwan.

The authors declare no conflict of interest.
Correspondence: Ko-Jen Li, MD, PhD, National Taiwan University Hospital,

No. 7, Chung Shan S. Rd., Taipei 10002, Taiwan.
E‐mail: dtmed170@yahoo.com.tw.

Copyright © 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in any way or
used commercially without permission from the journal.

ISSN: 1076-1608
DOI: 10.1097/RHU.0000000000001499

e412 www.jclinrheum.com JCR: Journal o
in RA; therefore, it is also used to assess treatment response, mon-
itor disease activity, evaluate remission, and predict erosion
progression.3–5 The ability of US to evaluate inflammation and
structural damage in RA has been validated with magnetic reso-
nance imaging.6 In addition, US has a role in guiding treatment
for treat-to-target in RA.7 However, the optimal utilization of US
in routine clinical practice for patients with established RA re-
mains uncertain.3,8,9

The objective assessment of disease activity in RA includes
erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP), the markers of inflammation. In addition, rheumatoid fac-
tor (RF) and anti–cyclic citrullinated peptide (anti-CCP) antibod-
ies are not only indicators for the diagnosis, but also predictors of
disease outcome.10,11 Higher levels of ESR, anti-CCP antibody
positivity were reported to be associated with more adverse clini-
cal consequences.12,13 The absence of US power Doppler (PD) sy-
novitis was associated with the achievement of complete
remission, lower median CRP values, and fewer swollen joints.14

Power Doppler was an effective tool in assessing response to treat-
ment.3,15 Synovial hypertrophy (SH) without PD activity was also
reported to reflect active disease.16 The US score for patients with
RAwas developed.17,18 The European League Against Rheuma-
tism (EULAR) Outcome Measures in Rheumatoid Arthritis Clin-
ical Trials (OMERACT) score demonstrated moderate to good
reliability in metacarpophalangeal (MCP) and non-MCP joints
using a standardized scan.19,20 A comparison of the US grading
system and clinical and laboratory parameters in patients with
RA in real-world database is required.

In this study, we focus on patients with RAwho received US
scans for assessing synovitis severity and investigated the relation
of the US score and the clinical and laboratory parameters in a ter-
tiary referral center.

MATERIALS AND METHODS

Patient Selection
The patients who had been adequately followed and regis-

tered for catastrophic illnesses for RA in National Taiwan Univer-
sity Hospital, Taipei, Taiwan, were screened for eligibility in this
study. The registry of RAwas based on the 1987 American Col-
lege of Rheumatology classification criteria for RA21 and/or the
2010 American College of Rheumatology/EULAR classification
criteria.22 According to the TaiwanNational Health Insurance sys-
tem, people who have been diagnosed with catastrophic illness
(including RA) are eligible to apply for a medical certificate that
confirms the diagnosis and allows an exemption from National
Health Insurance copayment. Because all applications must
be carefully reviewed by medical experts, the classification of
catastrophic illness is considered accurate and therefore reli-
able. Patients who received US scans for the evaluation of their
disease activity from June 2013 to June 2018 in the rheumatology
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TABLE 1. Clinical Features of Patients (n = 204)

Sex, male/female (male %) 32/172 (15.7)
Age, mean ± SD, y 56.2 ± 12.8
The duration of disease, median (IQR), mo 51.8 (23.0–94.8)
Early RA (duration ≤6 mo), n (%) 19 (9.3)
Laboratory measures
Median levels of RF (n = 141),
median (IQR), IU/mL

33.4 (5.5–125)

Median levels of anti-CCP antibodies
(n = 66), median (IQR), IU/mL

66.8 (1.3–280.8)

High-titera RF positivity, n/available (%) 62/141 (44.0)
High-titera anti-CCP antibody
positivity, n/available (%)

40/66 (60.6)

The most recent CRP level (n = 183),
median (IQR), mg/dL

0.25 (0.08–1.02)

The most recent ESR (n = 178),
median (IQR), mm/h

16 (10–29)

No. inflamed joints in the US examination
Joints with combined score grade >0,
median (IQR)

2 (1–4)

Joints with combined score grade ≥2,
median (IQR)

1 (1–2)

Sites displayed the most severe synovitis
Elbow, n (%) 22 (10.8)
Wrist/MCP/PIP, n (%) 126 (61.8)
Knee, n (%) 38 (18.6)
Ankle/MTP, n (%) 18 (8.8)

US score of the most severely inflamed joint
Grade of SH, median (IQR) 3 (2–3)
SH grade ≥2, n (%) 160 (78.4)
Grade of PD, median (IQR) 1 (1–2)
PD grade ≥2, n (%) 96 (47.1)
Combined score, median (IQR) 3 (2–3)
Combined score grade ≥2, n (%) 40 (80.4)

Associated US findings
Any bone erosion, n (%) 96 (47.1)
Joint injection at the examination, n (%) 30 (14.7)

Concurrent medical therapies
NSAIDs, n (%) 154 (75.5)
Glucocorticoids, n (%) 91 (44.6)
MTX, n (%) 126 (61.8)
Conventional DMARDs other than MTX, n (%) 177 (86.8)
biologic DMARDs, n (%)b 50 (24.5)

aHigh-positive refers to IU values that are >3 times the upper limit of
normal for the assay.

bData from patients using tocilizumab were excluded in this study.

DMARDs, disease-modifying antirheumatic drugs; IQR, interquartile
range; MTP, metatarsophalangeal; MTX, methotrexate; NSAIDs, nonste-
roidal anti-inflammatory drugs.
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department were reviewed. We included the patients who underwent
US examinations for the assessment of active synovitis in the el-
bows, wrists, MCP joints, proximal interphalangeal (PIP) joints,
knees, ankles, and/or metatarsophalangeal (MTP) joints where
the validated scoring system was applicable.18 The exclusion
criteria were as follows: age younger than 20 years, a history of
trauma at the examined joint, or active infection of the examined
joint. Data from patients using tocilizumab were also excluded be-
cause of effects on CRP levels.

Clinical Data Collection
The baseline characteristics and disease duration at the time

of US examinations were obtained by reviewing the electronic
medical records. A duration of fewer than 6 months of symptoms
of diseasewas defined as early RA.23 Laboratory measures related
to RAwere collected for analysis. The median levels of autoanti-
bodies within 12 months from US examinations, including RF
and anti-CCP antibodies, were used for the analysis. A
high-positive RF (by nephelometry) and anti-CCP antibodies refer
to international units (IU) values that were more than 3 times the
upper limit of normal for the laboratory and assay (anti-CCP anti-
body level >30 U/mL or RF level >47.7 IU/mL). For inflamma-
tory markers, including CRP (reference value, <0.3 mg/dL) and
ESR (reference value, <15 mm/h), the levels closest to the day
of US examinations within 30 days were included in the analysis.

US Assessment and Scoring
Ultrasound examinations were performed with a Toshiba

Xario XG US system (Toshiba Medical Systems Corporation,
Tochigi, Japan) using a broadband 7.2- to 14-MHz linear array
transducer set to muscle-skeleton. The operators were rheumatol-
ogists who had been certified by the Chinese Taipei Society of Ul-
trasound in Medicine after independently scanning more than
150 patients. The US scans used in this study were obtained by
a certified sonographer with more than 3 years of experience.
Both gray-scale and PD ultrasonography of the joints were per-
formed following the guidelines for musculoskeletal US in rheu-
matology.24 The definition of sonographic findings was based
on the OMERACT US consensus. The grading of SH and PD
was according to the definition developed by the OMERACT
US Task Force, which divides the severity of SH and the intensity
of PD from normal (grade 0) to the most severe (grade 3),18 and
the EULAR-OMERACT combined score was calculated.19,20 If
multiple joints in a patient were examined at the same time, only
the US grading of the joint that displayed the highest
EULAR-OMERACT combined score was included for analysis.
The determination of bone erosion, if it occurred at the examined
joints, was based on the OMERACT definition.18 If a patient re-
ceived US examinations more than once during the eligible pe-
riod, the earlier one would be included for analysis.

Ethics Statement
The study protocol was approved by the institutional review

board and ethical committee of National Taiwan University Hos-
pital, Taipei, Taiwan (201811095RIND).

Statistical Analysis
Quantitative and continuous variables were examined using

the Mann-Whitney U test. Relationships among categorical data
were assessed with Fisher exact test. Spearman rank correlation
analysis was used to evaluate the correlation between the grade
of SH and PD, combined score, and laboratory parameters. Spear-
man ρ ≥ 0.3 indicated a fair to strong positive correlation.25
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
Association with p < 0.05 was considered statistically significant.
Statistical analyses were performed using R version 3.6.0 (The R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Clinical Features of Patients
In the 2364 patients registered for catastrophic illnesses for

RA, 289 patients received US examinations during the eligible
www.jclinrheum.com e413
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TABLE 2. Association Between the Positive US Finding and Clinical and Laboratory Parameters (n = 204)

SH Grade ≥ 2 PD Grade ≥ 2 Bone Erosion

p value OR (95% CI) p value OR (95% CI) p value OR (95% CI)

Sex (male) 0.242 2.12 (0.70–6.41) 0.082 2.11 (0.97–4.58) 0.563 1.33 (0.63–2.84)
Age 0.415 n/a 0.214 n/a 0.618 n/a
Duration of disease 0.574 n/a 0.102 n/a 0.238 n/a
Early RA 0.770 1.52 (0.42–5.47) 0.637 1.28 (0.50–3.29) 1.000 1.01 (0.39–2.61)
High-titera RF positivity (n = 141) 0.835 1.14 (0.50–2.61) 0.235 1.57 (0.80–3.07) 0.309 1.47 (0.75–2.87)
High-titera anti-CCP antibody positivity (n = 66) 0.004b 6.00 (1.78–20.2) 0.002b 5.56 (1.82–16.9) 0.010b 4.51 (1.49–13.6)
Recent CRP level ≥0.3 mg/dL (n = 183) 0.005b 3.13 (1.38–7.10) 0.005b 2.38 (1.31–4.31) 0.301 1.38 (0.77–2.48)
Recent ESR ≥15 mm/h (n = 178) 0.120 1.92 (0.89–4.13) 0.451 1.31 (0.72–2.37) 0.451 0.77 (0.43–1.40)

aHigh-positive refers to IU values that are >3 times the upper limit of normal for the assay.
bp < 0.05.
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period, and 204 of them met the eligibility criteria for this study.
Their baseline clinical features are summarized in Table 1. The du-
ration of disease (median and interquartile range) was 51.8months
(23.0–94.8 months), and patients with early RA accounted for
only 9.3% of the included cases. The most recent levels of
CRP and ESR within 30 days and the median levels of RF
and anti-CCP antibodies within 12months from the day of US ex-
aminations were available in 183 (89.7%), 178 (87.3%), 141
(69.1%), and 66 (32.4%) patients, respectively. The median num-
ber (interquartile range) of joints with combined score grade ≥1
in the US examination was 2 (1 to 4). The hand (wrist, MCP, and
PIP joints) was the site that displayed the most active synovitis in
the majority of the patients (61.8%). In the most severely in-
flamed joint, SH grade ≥2 and PD grade ≥2 were found in 160
(78.4%) and 96 (47.1%) patients, respectively.
Analysis of the Factors Associated With Positive US
Findings

The associations between the positive US findings and
clinical and laboratory parameters are summarized in Table 2.
Male sex tended to be associated with PD grade ≥2 (odds ratio
[OR], 2.11; 95% confidence interval [CI], 0.97–4.58). A high-titer
anti-CCP antibody positivity was associated with SH grade ≥2
(OR, 6.00; 95% CI, 1.78–20.2), PD grade ≥2 (OR, 5.56; 95% CI,
1.82–16.9), and the presence of bone erosions (OR, 4.51; 95% CI,
1.49–13.6). The most recent CRP level ≥0.3 mg/dL was associ-
ated with SH grade ≥2 (OR, 3.13; 95% CI, 1.38–7.10) and
PD grade ≥2 (OR, 2.38; 95% CI, 1.31–4.31). No significant asso-
ciation could be found between positive US findings and the dura-
tion of disease, recent ESR ≥15 mm/h, or high-titer RF positivity.
TABLE 3. Correlation Between the Indexes of US Grading and Clini

Laboratory Parameters

Grade of SH

ρ p value

Duration of disease 0.09 0.207
Median RF level (n = 141) 0.07 0.397
Median anti-CCP antibody level (n = 66) 0.38b 0.002a

Recent CRP level (n = 183) 0.17 0.019a

Recent ESR (n = 178) 0.16 0.029a

ap < 0.05.
bρ ≥ 0.3.
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Correlation Between US Grading and Clinical and
Laboratory Parameters

The most recent CRP level showed a fair correlation with PD
grade (ρ = 0.30, p < 0.001), as summarized in Table 3. The me-
dian anti-CCP antibody levels within 1 year showed a fair correla-
tion with US scores including SH grade (ρ = 0.38, p = 0.002), PD
grade (ρ = 0.46, p < 0.001), and the combined score (ρ = 0.39,
p = 0.001). The most recent ESR poorly correlated with US grad-
ing. The median RF level poorly correlated with the PD grade. No
significant correlation was found between US grading and the
duration of disease.

Ultrasound Grading in Patients With a Low CRP
Level <0.3 mg/dL

In patients with the most recent CRP levels <0.3 mg/dL
(n = 99), there was considerable proportion of patients who had
grade 3 SH (48.5%) and grade 3 PD (12.1%). Compared with
the patients with the most recent CRP levels ≥0.3 mg/dL
(n = 84), differences were found in the frequencies of grade 1
SH, grade 0 PD, and grade 2 PD (Fig.). No significant difference
could be found in the frequency of grade 3 SH (p = 0.141) or grade
3 PD (p = 0.220). In the patients with available anti-CCP antibody
levels (n = 66), 12 patients had the most recent CRP level
<0.3 mg/dL and a combined score of 3, and 10 (83.3%) of them
presented with high-titer anti-CCP antibody positivity.

Subgroup Analysis of the Patients Whose Anti-CCP
Antibody and CRP Levels Were Both Available

In the 61 patients whose anti-CCP antibody and CRP
levels were both available, the duration of disease was 25 months
cal and Laboratory Parameters

Grade of PD Combined Score

ρ p value ρ p value

−0.05 0.437 0.07 0.296
0.18 0.036a 0.08 0.333
0.46b <0.001a 0.39b 0.001a

0.30b <0.001a 0.19 0.011a

0.18 0.018a 0.16 0.031a

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE. Comparison of the frequencies of grading of SH and PD in patients with a recent CRP level ≥0.3 or <0.3 mg/dL. A significant
difference was not found in the frequency of grade 3 SH or PD. *p < 0.05 and **p < 0.01.
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(7.3–65.7 months). Synovial hypertrophy grade ≥2 and PD grade
≥2were found in 47 (77.0%) and 30 (49.2%) of the patients, respec-
tively. The best correlation to SH grade, PD grade, and the combined
score was still found with the median anti-CCP antibody levels
(ρ = 0.41, p = 0.001 for SH grade; ρ = 0.45, p < 0.001 for PD grade;
ρ = 0.41, p= 0.001 for the combined score). For CRP levels, positive
correlation toUS gradingwas also demonstrated (ρ = 0.22, p= 0.082
for SH grade; ρ = 0.41, p < 0.001 for PD grade; ρ = 0.26, p = 0.047
for the combined score). In multivariate logistic regression analy-
sis, high-titer anti-CCP antibody positivity and the most recent
CRP level ≥0.3 mg/dL were both independently associated with
SH grade≥2 (OR, 5.60; 95%CI, 1.48–24.8 for anti-CCP antibod-
ies; and OR, 4.98; 95% CI, 1.24–25.8 for CRP) and PD grade ≥2
(OR, 4.23; 95% CI, 1.33–14.9 for anti-CCP antibodies; OR, 3.69;
95% CI, 1.22–11.9 for CRP).

DISCUSSION
In the presented study, we examined the association between

inflammatory markers and US findings in patients with RA using
the grading system developed by the EULAR-OMERACT US
task force. Patients with early RA consisted of only 9.3% of
the included patients. The duration of disease was not associated
with bone erosion, probably due to the drug treatment including
the use of biological agents in 24.5% of the patients before the
US examinations. Unlike many clinical studies that focused on
early RA,6,13,26 our study could address real-world evidence about
established RA.
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
In addition to the role it plays in the diagnosis of RA, anti-CCP
antibody is well-known to predict outcomes in RA.27–29 The results
of our study also emphasize the value of anti-CCP antibody level
in predicting active synovitis and structural changes. More severe
synovitis and more frequent bone erosions were demonstrated in
patients with high-titer anti-CCP antibodies. Besides, the levels
of anti-CCP antibodies were correlated with the grade of SH and
PD and the EULAR-OMERACT combined score.

The more aggressive disease was reported in men than in
women,30 and our study also revealed that more male patients
tended to have a PD grade ≥2. The role of PD grade in RA sy-
novitis for evaluating the activity and predicting outcomes was
reported in many studies.6,26,31–33 The anti-CCP antibodies
had a reasonably significant correlation with the grade of PD
in the presented study (ρ = 0.46, p < 0.001). We also performed
exploratory analysis for the relationship between the laboratory
measures and the number of inflamed joints. The only fairly
positive correlation was found between the anti-CCP antibody
levels and the number of joints with PD grade ≥2 (ρ = 0.35,
p = 0.004). On the other hand, the correlation of the most recent
ESR with US scores was poor. A fairly positive correlation was
still found between the most recent CRP levels and PD grade
(ρ = 0.30, p < 0.001), although the correlation was not as high
as that between anti-CCP antibodies and PD grade. Most of
the patients (n = 168) had the ESR and CRP levels measured
on the same day. However, many factors could result in a falsely
high or low ESR. The findings in our study suggest that the
www.jclinrheum.com e415
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CRP level might be more reliable than ESR to measure the ac-
tivity of synovitis in daily clinical practice.

Although the recent CRP level showed a fair correlation to
the grade of PD, a considerable number of patients with low
CRP levels had grade 3 PD, and the frequency of high-titer posi-
tive anti-CCP antibodies among these patients was high. The lack
of high CRP levels in patients with active RA has been reported,34

and there might be altered immunological mechanisms.35 Because
PD predicts treatment response and disease flares,31–33 the objec-
tive evaluation of the disease activity of RA should not be
completely dependent on laboratorymeasures. AUS examination,
including PD, may help us to monitor synovitis and guide thera-
peutic decisions, especially for the patients with high-titer positive
anti-CCP antibodies, even if the CRP levels are low.

Given the nature of the study, our investigation was limited
by the heterogeneity of the patients. Only the joint displaying
the highest combined score could be used for analysis, and the
small case number restricted performing additional subgroup
analysis. The dates of the CRP and ESR tested in this study had
a median of 10 days from the day of US examinations and were
not the same day. Anti-CCP antibody levels within 1 year were
available in only 66 patients (32.4%). Besides, the frequently
used disease activity indexes such as the Disease Activity Score
in 28 joints, the Clinical Disease Activity Index, and the Simpli-
fied Disease Activity Index were not available in the electronic
medical records. However, the patients were selected from a data-
base that consisted of more than 2000 RA patients. We excluded
patients using tocilizumab because of its effects on CRP levels.
By the adoption of commonly used laboratory indices related to
RA, we could still analyze and compare the performance of auto-
antibodies, ESR and CRP, and US grading in real-world practice.
Moreover, the correlation between the laboratory measures and
the US grading in the subgroup with complete data was very sim-
ilar to thewhole group. Further longitudinal observational studies
are warranted.

In conclusion, this study demonstrated that higher levels of
anti-CCP antibodies and CRP might predict synovitis on US and
higher grades of PD in patients with RA. Anti-CCP antibodies
correlate to US synovitis better than CRP. In addition, discrepan-
cies existed between inflammatory markers and the grading of sy-
novitis. In real-world practice settings, our findings suggest that
US should be included in the comprehensive assessment of dis-
ease activity in RA.
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