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Key messages

What is already known about this subject?
►► There is uncertainty as to the effect of rheumatoid 
factor (RF) and anticitrullinated protein antibody 
(ACPA) on prognosis, which may or may not predict 
more severe disease, more erosion but possibly a 
better response to treatment.

►► The incremental prognosis of both antibodies being 
positive in active established RA is unknown.

What does this study add?
►► Using a large observational study of patients with 
RA followed in routine clinical care, this study has 
shown that combined ACPA and RF positivity may be 
associated with higher remission rate and greater 
improvement in disease activity during treatment 
with antirheumatic medications which seems to be 
driven by ACPA status rather than RF status.

How might this impact on clinical practice?
►► This is a particularly relevant topic for rheumatol-
ogists seeing patients in routine clinical care and 
could inform decision-making in the management of 
patients with RA.

Abstract
Objective(s)  This study evaluated the interaction of 
anticitrullinated protein antibody (ACPA) and rheumatoid 
factor (RF) in predicting sustained clinical response in an 
observational registry of patients with rheumatoid arthritis 
(RA) followed in routine practice.
Methods  Patients with RA enrolled in the Ontario Best 
Practices Research Initiative registry, with ≥1 swollen joint, 
autoantibody information and ≥1 follow-up assessment 
were included. Sustained clinical remission was defined 
as Clinical Disease Activity Index (CDAI) ≤2.8 in at least 
two sequential visits separated by 3–12 months. Time 
to sustained remission was assessed using cumulative 
incidence curves and multivariate cox regression.
Results  Among 3251 patients in the registry, 970 were 
included, of whom 262 (27%) were ACPAneg/RFneg, 60 
(6.2%) ACPApos /RFneg, 117 (12.1%) ACPAneg/RFpos and 531 
(54.7%) ACPApos /RFpos at baseline. Significant between 
group differences were observed in age (p=0.02), 
CDAI (p=0.03), tender joint count (p=0.02) and Health 
Assessment Questionnaire (p=0.002), with ACPApos 
patients being youngest with lowest disease activity and 
disability. No difference in biologic use was found between 
groups (20.2% of patients).
Over a mean follow-up of 3 years, sustained remission 
was achieved by 43.5% of ACPApos/RFpos patients, 43.3% 
of ACPApos /RFneg patients, 31.6 % of ACPAneg/RFpos patients 
and 32.4% of ACPAneg/RFneg patients (p=0.01). Significant 
differences were observed in CDAI improvement based 
on ACPA and RF status where ACPApos/RFpos had a shorter 
time to achieving sustained remission (HR 1.30; 95% 
CI 1.01 to 1.67) and experienced significantly higher 
improvements compared with ACPAneg/RFneg patients.
Conclusion(s)  Combined ACPA and RF positivity 
were associated with improved and faster response to 
antirheumatic medications in patients with RA.

Introduction
Positive serology for anticitrullinated protein 
antibody (ACPA) and rheumatoid factor (RF) 

are included among the criteria for defini-
tive rheumatoid arthritis (RA) diagnosis as 
per the 2010 American College of Rheuma-
tology/ classification criteria for rheumatoid 
arthritis (RA).1 2 These autoantibodies may be 
predictive of the clinical disease course of RA. 
The literature is conflicted as to the impact 
of ACPA and RF on disease activity. Some 
studies have shown that positive ACPA3 4 and 
positive RF5–7 are associated with more active 
disease including radiographic progression8 9; 
whereas other studies have shown an associa-
tion between positive ACPA and low clinical 
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Figure 1  Cohort selection flow chart.

disease activity.5 10 Immunoglobulin (Ig)A RF but not 
IgM RF (the latter is more commonly ordered) predict 
worse prognosis in early RA (ERA).11

There is uncertainty as to the effect of RF and ACPA 
on prognosis, which may or may not predict more severe 
disease, more erosion but possibly a better response to 
treatment. The incremental prognosis of both antibodies 
being positive in active established RA is unknown. Thus, 
the purpose of this study was to evaluate the impact of 
both ACPA and RF in predicting clinical response in a 
large observational study of patients with RA followed in 
routine clinical care and to determine if double-positive 
antibodies have a different effect on response to treat-
ment compared with other combinations.

Methods
Data source and patients
The Ontario Best Practices Research Initiative (OBRI) is 
a provincial registry that prospectively gathers long-term 
information on patients with RA followed in routine 
care. It incorporates physician assessments and a unique 
method of collecting data from the patients directly using 
telephone interviewers. Patients are eligible if they were 
≥16 years at the time of diagnosis and are ≥18 years of 
age at the time of enrolment with a physician confirmed 
RA diagnosis and at least one swollen joint. Patients 

are recruited at any stage of disease and are managed 
as per the medical judgement of their rheumatologist. 
Most patients enrolled in the OBRI have prevalent long-
standing RA.

Institutional research ethics approval was obtained 
prior to recruitment.

Inclusion criteria
Between January 2008 and January 2017, 3251 eligible 
and consented patients across 65 sites were participating 
in the OBRI registry. For this study, the analysis popu-
lation was restricted to patients with RA with available 
autoantibody information (ACPA and RF status) and 
baseline Clinical Disease Activity Index (CDAI) informa-
tion and at least one follow-up assessment (figure 1).

Clinical and patient-reported data
The clinical data collected during physician visits 
included: ACPA and RF status, patient global assessment 
(PtGA), physician global assessment (PhGA), 28-joint 
tender count (TCJ-28), 28-joint swollen count (SJC-28), 
RA medication use including conventional synthetic 
disease-modifying antirheumatic drugs, biologic disease 
modifying antirheumatic drugs and oral steroids. 
Patient-reported data collected by interviewers included: 
sociodemographic characteristics, Health Assessment 
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Questionnaire Disability Index, Health Assessment Ques-
tionnaire Pain Index and comorbidity profile.

Exposure definition
ACPA and RF were considered as exposure and, based on 
their status, patients were classified into four groups: (1) 
ACPAneg/RFneg; (2) ACPAneg/RFpos; (3) ACPApos/RFneg 
and (4) ACPApos/RFpos.

Outcome definition
Primary outcome
CDAI was the disease activity measure of interest and 
was examined in two ways: (1) achievement of sustained 
remission, defined as at least two sequential visits, sepa-
rated by at least 3 and up to 12 months, with CDAI ≤2.8 
(online supplementary figure 1) and (2) CDAI as contin-
uous variable over time.

Secondary outcomes
In addition to CDAI, the associations between ACPA/
RF group and 28-joint Disease Activity Score-erythrocyte 
sedimentation rate (DAS28-ESR), Simplified Disease 
Activity Index (SDAI) and components of CDAI (SJC-28, 
TJC-28, PtGA, and PhGA) were investigated as secondary 
outcomes.

Statistical analysis
Descriptive statistics including the mean and SD for 
continuous variables and counts and proportions for 
categorical variables were produced. The analysis of vari-
ance or Kruskal-Wallis test, as appropriate, was used for 
the comparison of ACPA/RF groups for continuous vari-
ables and the χ2 or the Fisher’s exact test, as appropriate, 
for categorical variables.

Cumulative incidence function was used to plot the 
probability of achieving first sustained remission over 
time and p value of less than 0.05 was considered signif-
icant for the difference between estimates for the four 
ACP/RF groups.

The primary analysis examined the association between 
ACPA/RF status and sustained remission using univariate 
and multivariate Cox proportional regression models. In 
the multivariate analysis, the association between ACPA/
RF status and first sustained remission was adjusted for 
age, sex and CDAI measure at baseline.

In a secondary analysis, the association between ACPA/
RF status at baseline and CDAI (as continuous variable) 
over time was examined using Generalised Linear Mixed 
Models (GLMMs) adjusted for age, sex, time and CDAI 
measure at baseline.

A tertiary analysis was also conducted to determine 
which component of the CDAI may drive any association 
between ACPA/RF status and disease activity. For this, 
each component of CDAI (SJC-28, TJC-28, PtGA, and 
PhGA) measured over time was evaluated for association 
with ACPA/RF status using GLMMs adjusted for age, sex, 
time and outcome measure at baseline. Two alternative 
measures of RA disease activity, SDAI and DAS28-ESR 
were also examined for association with ACPA/RF status.

Subset analysis
We conducted two subset analyses evaluating: (1) the 
association between ACPA/RF at baseline and CDAI 
over time in patients with early onset of disease (RA 
duration ≤1 year since diagnosis) and (2) the individual 
association of ACPA status and RF status at baseline 
with CDAI over time. In the latter model, the statistical 
interaction of ACPA and RF was also examined.

Sensitivity analysis
Finally, a sensitivity analysis was performed for all multi-
variate analyses by generating two additional models 
considering various covariates that were significantly asso-
ciated with the outcomes of interest in univariate analysis 
(p<0.05) given that they might be confounding variables.

All statistical analyses were performed using SAS V.9.4.

Results
A total of 970 patients were included in the analysis, 
of whom 262 (27%) were ACPAneg/RFneg, 60 (6.2%) 
ACPApos /RFneg, 117 (12.1%) ACPAneg /RFpos and 531 
(54.7%) ACPApos/RFpos. At baseline, significant differ-
ences were observed between groups in age (p=0.02), 
CDAI (p=0.03), tender joint count (p=0.02) and HAQ 
(p=0.002), with ACPApos/RFpos and ACPApos/RFneg 
patients being youngest and having the lowest disease 
activity and disability (table  1). No differences were 
observed for current biologic use between groups which 
was reported in 20.2% of patients.

Over 3 years mean of follow-up, sustained remission 
was achieved by 231 (43.5%) of ACPApos/RFpos patients, 
26 (43.3%) of ACPApos/RFneg patients, 37 (31.6%) of 
ACPAneg/RFpos patients and 85 (32.4%) of ACPAneg/
RFneg patients (p=0.01) (data not shown). Over time, 
significant differences were observed in cumulative 
incidence of achieving first sustained clinical response 
based on both ACPA and RF status (p=0.004) (figure 2). 
Time to achieving first sustained remission was shorter 
in ACPApos/RFpos (median 3.7 years; 95% CI 3.0 to 4.3) 
and ACPApos/RFneg (median 3.4 years; 95%) patients 
compared with ACPAneg/RFneg patients (median 5.1 
years; 95% CI 3.7 to 6.2) (figure 2).

Association between ACPA/RF status and first sustained 
remission
Table  2 summarises the results of the primary analysis 
assessing the association between baseline ACPA/RF 
status and time to achieving first sustained remission. 
After adjusting for potential confounders (age, sex and 
CDAI at baseline), a significant positive association was 
observed between ACPApos/RFpos and sustained remission 
(HR 1.30; 95% CI 1.01 to 1.67; p=0.04; table 2) compared 
with ACPAneg/RFneg. Higher CDAI (HR 0.97; 95% CI 0.96 
to 0.98; p<0.0001) and older age (HR 0.99; 95% CI 0.98 
to 1.00; p=0.01) at baseline were negatively associated 
with achievement of sustained remission (table 2).

https://dx.doi.org/10.1136/rmdopen-2018-000738
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Figure 2  Cumulative hazard functions for first sustained remission by anticitrullinated protein antibody (ACPA)/rheumatoid 
factor (RF) status.

Table 2  Association between ACPA/RF status at baseline and time to first sustained remission using Cox proportional 
hazards regression analysis

Hazard Ratio (95% Confidence Interval), p-value

Unadjusted model Adjusted model

ACPA status

ACPA neg/RF neg Ref Ref

ACPA neg /RF pos 0.86 (0.58–1.26), 0.26 0.82 (0.56–1.20), 0.31

ACPA pos /RF neg 1.28 (0.84–1.96), 0.44 1.16 (0.74–1.80), 0.52

ACPA pos /RF pos 1.42 (1.11–1.81), 0.01 1.30 (1.01–1.67), 0.04

Female 0.96 (0.74–1.23), 0.73 0.85 (0.67–1.08), 0.19

Age at baseline 0.99 (0.98–1.00), 0.02 0.99 (0.98–1.00), 0.01

CDAI at baseline 0.97 (0.96–0.98),<0.0001 0.97 (0.96–0.98),<0.0001

Adjusted model is adjusted for age, sex and CDAI at baseline.
Bold values indicate statistically significant.
ACPA, anticitrullinated protein antibody; CDAI, Clinical Disease Activity Index RF, rheumatoid factor.

Association between ACPA/RF status and CDAI over time
Table 3 summarises the results of the secondary analysis 
assessing the association between baseline ACPA/RF 
status and CDAI over time. After adjusting for potential 
confounders (age, sex, CDAI at baseline and time), a 

significantly greater improvement in CDAI was observed 
in ACPApos/RFpos patients (β coefficient −1.63; SE 0.50; 
p=0.001) compared with ACPAneg/RFneg patients. Female 
sex (β coefficient 1.91; SE 0.51; p=0.0002) and higher 
CDAI at baseline (β coefficient 0.43; SE: 0.02; p<0.0001) 
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Table 3  Association between ACPA/RF status at baseline and CDAI over time using GLMMs

Regression coefficients (standard error), p-value

All patients (n=970) Patients with early RA (n=481)

Unadjusted model Adjusted model Unadjusted model Adjusted model

ACPA status at baseline

ACPA neg/RF neg Ref Ref Ref Ref

ACPA neg /RF pos −1.19 (1.01), 0.24 0.48 (0.73), 0.51 −1.68 (1.37), 0.22 −0.33 (1.01), 0.74

ACPA pos /RF neg −2.96 (1.29), 0.02 −0.63 (0.94), 0.50 −4.15 (1.93), 0.03 −1.72 (1.44), 0.02

ACPA pos /RF pos −2.73 (0.69),<0.0001 −1.63 (0.50), 0.001 −3.00 (0.95), 0.002 −2.27 (0.71), 0.002

Time (month) −0.15 (0.01),<0.0001 −0.15 (0.004),<0.0001 −0.18 (0.01),<0.0001 −0.18 (0.005),<0.0001

Female 0.73 (0.70), 0.30 1.91 (0.51), 0.0002 1.28 (0.92), 0.17 2.14 (0.69), 0.002

Age at baseline −0.02 (0.02), 0.34 −0.02 (0.02), 0.23 −0.01 (0.02), 0.66 −0.01 (0.02), 0.72

CDAI at baseline 0.43 (0.02),<0.0001 0.43 (0.02),<0.0001 0.39 (0.02),<0.0001 0.39 (0.02),<0.0001

Adjusted model is adjusted for age, sex, time, and CDAI at baseline.
Bold values indicate statistically significant.
ACPA, anticitrullinated protein antibody; CDAI, Clinical Disease Activity Index; GLMMs, Generalised Linear Mixed Models; RA, rheumatoid 
arthritis; RF, rheumatoid factor.

Table 4  Association between ACPA/RF status at baseline and CDAI components over time as using GLMMs

Regression coefficients (standard error), p-value

Adjusted models

SJC-28 TJC-28 PtGA PhGA

ACPA status at baseline

ACPA neg/RF neg Ref Ref Ref Ref

ACPA neg /RF pos −0.04 (0.22), 0.84 −0.09 (0.31), 0.77 0.18 (0.18), 0.31 0.12 (0.17), 0.50

ACPA pos /RF neg −0.003 (0.28), 0.99 −0.43 (0.39), 0.28 −0.06 (0.23), 0.79 −0.03 (0.21), 0.90

ACPA pos /RF pos −0.18 (0.15), 0.22 −0.65 (0.21), 0.002 −0.48 (0.12), 0.0001 −0.29 (0.11), 0.01

Time (month) −0.04 (0.001),<0.0001 −0.05 (0.001),<0.0001 −0.02 (0.001),<0.0001 −0.03 (0.001),<0.0001

Female 0.58 (0.15), 0.0002 0.85 (0.22),<0.0001 0.19 (0.13), 0.13 0.14 (0.12), 0.23

Age at baseline 0.001 (0.005), 0.79 −0.01 (0.01), 0.07 −0.001 (0.004), 0.75 −0.01 (0.004), 0.07

SJC-28 at baseline 0.34 (0.01),<0.0001 – – –

TJC-28 at baseline – 0.41 (0.01),<0.0001 – –

PtGA at baseline – – 0.43 (0.02),<0.0001 –

PhGA at baseline – – – 0.42 (0.02),<0.0001

Adjusted model is adjusted for age, sex, time and relevant disease activity measures at baseline.
Bold values indicate statistically significant.
ACPA, anticitrullinated protein antibody; CDAI, Clinical Disease Activity Index; GLMMs, Generalised Linear Mixed Models; PhGA, physician 
global assessment; PtGA, patient global assessment; RF, rheumatoid factor; SJC-28, 28-joint swollen count; TCJ-28, 28-joint tender count.

were significantly associated with smaller improvement 
in CDAI over time (table 3). Sensitivity analysis adjusting 
for other explanatory covariates that were significantly 
associated with CDAI in the univariate analysis showed 
similar results (online supplementary table S1).

Using SDAI and DAS28-ESR as alternative disease 
outcome measures showed a similar significant associa-
tion between ACPApos/RFpos and SDAI improvement but 
not DAS28-ESR improvement, compared with ACPAneg/
RFneg patients (online supplementary Tables S2 and S3).

Association between ACPA/RF status and CDAI components 
over time
Table  4 summarises the results of the tertiary analysis 
assessing the association between baseline ACPA/RF 
status and individual components of CDAI using multi-
variate GLMM analysis. Compared with ACPAneg/RFneg, 
ACPApos/RFpos was significantly associated with greater 
improvements in tender joint count (β coefficient 
−0.65; SE 0.21; p=0.002), PtGA (β coefficient −0.48; SE 

https://dx.doi.org/10.1136/rmdopen-2018-000738
https://dx.doi.org/10.1136/rmdopen-2018-000738
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0.12; p=0.0001) and PhGA (β coefficient −0.29; SE 0.11; 
p=0.01) over time but not in swollen joint count (table 4).

Subset analysis—association between ACPA/RF status and 
CDAI over time in patients with ERA
The subset analysis assessing the association between 
baseline ACPA/RF status and CDAI over time in patients 
with early disease onset are shown in table  3. After 
adjusting for potential confounders, a significant associ-
ation was observed between both ACPApos/RFpos (β coef-
ficient −2.27; SE 0.71; p=0.002) and ACPApos/RFneg (β 
coefficient −1.72; SE 1.44; p=0.02) statuses and greater 
improvements in CDAI compared with ACPAneg/RFneg, 
with slightly higher benefits observed in double-positive 
patients. Female sex (β coefficient 2.14; SE 0.69; p=0.002) 
and higher CDAI at baseline (β coefficient 0.39; SE: 0.02; 
p≤0.0001) were also significantly associated with smaller 
improvements in CDAI over time in this subset cohort 
(table 3).

Subset analysis—individual association between ACPA and 
RF status and time to first sustained remission and CDAI
In multivariate analyses, assessing the individual asso-
ciation between ACPA and RF status with time to first 
sustained remission and with CDAI over time showed a 
positive effect of ACPA as a predictor for both achieving 
sustained remission (HR 1.43; 95% CI 1.08 to 1.89; 
p=0.01; online supplementary table S4) and greater 
improvement in CDAI over time (β coefficient −1.61; 
SE 1.48; p=0.003; Online supplementary table S5) after 
adjusting for potential confounders. No significant effect 
was observed for neither RF status nor the interaction 
between ACPA and RF.

Discussion
In the current study, significant differences were observed 
in treatment outcomes based on combined ACPA and RF 
status at baseline with earlier achievement of sustained 
remission for patients with ACPApos/RFpos status and 
greater improvements in CDAI for both ACPApos/RFpos 
and ACPApos/RFneg patients compared with ACPAneg/
RFneg patients. On further investigation, these differ-
ences were found to be associated with ACPA status, but 
not RF, suggesting that ACPA status may be more impor-
tant in active RA. Investigation of the impact of ACPA 
positivity on the individual components of CDAI showed 
that tender joint count, PtGA and PhGA, but not swollen 
joint count, were affected which could suggest that joint 
swelling is not the reason for different CDAI scores in 
ACPA positive and negative patients.

Similar to our study, Aletaha et al showed, in a cross-sec-
tional study, that ACPA positive patients had disease 
activity that was similar to or lower than that of ACPA 
negative patients, both in the presence and in the absence 
of RF.5 Miriovsky et al also found in ACPApos/RFneg 
patients that higher ACPA concentration was associated 
with an increased likelihood of remission.8 In contrast, 
in ACPAneg/RFpos patients, higher RF concentration 

trended towards an inverse association with remission 
but no significant association was shown. In terms of RF 
status, Mottonen et al showed that RF positivity was not 
a significant predictor of achieving disease remission 
even though it was a significant predictor of structural 
joint damage.6 In contrast to our findings, some inves-
tigators4 7 9 found different conclusions. However, these 
studies did not investigate the association of ACPA and 
RF; additional methodological aspects that may have 
contributed to differences in the findings may include, 
but not be limited to, the lack of multivariate adjustment, 
the cross-sectional design, sample size and selection (eg, 
early patients with RA vs established, active vs all patients 
with RA, response in clinical trials, etc).

Strengths of the current study include examining 
a large real-world RA patient population with disease 
activity (one or more swollen joints) but without strict 
inclusion criteria and no requirement for high disease 
activity which may be generalisable to clinical practice. In 
subset analyses, the data could be compared with various 
populations, serostatus in four groups and early RA. We 
explored different measures of disease activity as clinical 
outcomes including CDAI components. The consistent 
results of various analyses and two additional multivariate 
models as sensitivity analysis demonstrate the internal 
validity of findings.

There may be other unmeasured confounders which 
may have not been accounted for. Furthermore, we were 
not able to assess the impact of ACPA/RF status on struc-
tural joint damage as this information is not collected in 
the registry.

Although the association between ACPA positivity and 
sustained remission and low disease activity was assessed, 
no causal inference can be made. This is an observa-
tional study and is potentially confounded as it is not 
randomised. Treatment was selected by the treating physi-
cian and there could be channelling bias. The study was 
not designed to look mechanistically at why ACPA and 
RF positive patients have a better treatment response. 
It could be from genetic differences (eg, the shared 
epitope of HLADR4 is far higher in seropositive patients 
and may affect treatment response, drug distribution and 
clearance, but this is only speculative). Misclassification 
of some seronegative patients may occur where some do 
not have RA but a different disease. Drugs that are tested 
in RA have 70%–80% of the population as seropositive. 
The generalisability of trial results mostly reflects the 
responses of seropositive patients.

Conclusions
In summary, combined ACPA and RF positivity may 
be associated with higher remission rate and greater 
improvement in disease activity during treatment with 
antirheumatic medications over time in patients with 
early and established RA. The magnitude of this associ-
ation seems to be driven by ACPA status rather than RF 
status as a similar strong association was found between 

https://dx.doi.org/10.1136/rmdopen-2018-000738
https://dx.doi.org/10.1136/rmdopen-2018-000738
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positive ACPA and low disease activity compared with 
negative ACPA.
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