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Combinations of Anticyclic Citrullinated Protein Antibody,
Rheumatoid Factor, and Serum Calprotectin Positivity Are
Associated With the Diagnosis of Rheumatoid Arthritis
Within 3 Years
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Objective. To evaluate the prevalence of elevations of anti-cyclic citrullinated peptide-3 (anti-CCP3) antibody,
rheumatoid factor IgM (RF-IgM) and serum calprotectin (sCP) in pre-rheumatoid arthritis (RA) as well as the diagnostic
accuracies of these biomarkers for the timing of diagnosis of future RA.

Methods. A total of 215 RA cases, each with approximately three pre-RA diagnoses and one post-RA diagnosis
serum sample, and controls were identified from the Department of Defense Serum Repository. All case samples
and a single sample from each control subject were tested for anti-CCP3 (IgG), RF-IgM, and sCP. The diagnostic
accuracies of biomarkers for future RA were evaluated.

Results. Anti-CCP3, RF-IgM, and sCP were elevated in pre-RA, with anti-CCP3 and sCP significantly elevated
compared with RF-IgM at the earliest time points. Within the cases, the combination of anti-CCP3 and RF-IgM
positivity had a positive predictive value (PPV) of 35.6% for a diagnosis of RA in 3 years or less, which is significantly
higher than the PPV of 18.7% for anti-CCP3 positivity alone (P < 0.001). A combination of anti-CCP3, RF-IgM, and
sCP had the highest PPV (53.0%) for a diagnosis of RA in 3 years or less; however, this was not significantly higher
than the PPV for anti-CCP3 and RF-IgM positivity (P = 0.248).

Conclusion. Anti-CCP3, RF-IgM, and sCP are elevated in pre-RA; furthermore, combinations of elevations of
these biomarkers are more commonly seen in the period of less than or equal to 3 years to diagnosis. This may
be considered in creating inclusion criteria in prevention trials in RA. In addition, the biologic relationships of these

biomarkers in pre-RA need exploration.
INTRODUCTION

Serum elevations of antibodies to citrullinated protein anti-
gens (ACPA) and rheumatoid factor (RF) are associated with the
future development of rheumatoid arthritis (RA) (1). Based on this,
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these markers are a key part of the inclusion criteria for several
completed or ongoing prevention trials (1-4). However, because
ACPA and/or RF may be present for more than 10 years prior to a
diagnosis of RA, using additional biomarkers to improve the pre-
diction of a transition from pre-RA to a clinically apparent disease
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within a defined time frame would be especially useful to identify
individuals who would benefit most from participation in clinical
trials designed to delay or prevent disease onset within a defined
time period (1-3).

Calprotectin is a heterodimer of two proteins (S100A8 and
S100A9) produced by monocytes and neutrophils in circulation
and tissue in response to inflammation (5). Serum calprotectin
(sCP) levels in patients with established RA have been shown to
correlate with disease activity scores and with ultrasound syno-
vitis scores (6-8); however, the role of sCP in pre-RA is not well
studied. As such, we sought to evaluate the prevalence of eleva-
tions and the diagnostic accuracies of ACPA, RF-IgM, and sCP in
pre-RA and, in particular, the potential ability of sCP to improve the
prediction of the timing of a future diagnosis of RA.

METHODS

Study subjects. We evaluated pre— and post-RA diagnosis
serum samples from 215 cases with RA (213 meeting the 1987
criteria and two diagnosed with RA by a board-certified rheuma-
tologist) as well as a single sample from each subject within a
set of controls without RA who were matched to cases on age,
sex, race, and duration of sample storage. These samples were
obtained from the Department of Defense Serum Repository
(DoDSR), which was established to monitor the health of United
States Uniformed Services personnel and can be used to evaluate
biomarkers before and after disease diagnosis. Full details of the
development of this DoDSR RA cohort are published (9).

Biomarker testing. For cases with RA, an average of three
samples from the pre-RA diagnosis period and one sample from
the post-RA diagnosis period were tested using enzyme-linked
immunoabsorbent assays (ELISAs) for anticyclic citrullinated pep-
tide-3 (anti-CCP3; IgG detection) and RF-IgM, as well as sCP
using a research-only ELISA. All assays (CCP3, RF, and sCP)
were based on the QUANTA Lite platform (Inova Diagnostics). In
addition, the newest sample from each control subject was tested
for anti-CCP3, RF-IgM, and sCP. All testing was performed at the
University of Colorado in the Exsera Biolabs, with the technician
blinded to the case-control status of samples.

Anti-CCP3 positivity was evaluated on the basis of
the manufacturer-established cutoff of 20 units or greater, which is
reported per the package insert to be approximately 96% specific

Table 1. Characteristics of RA cases and controls

for RA. In the absence of established cutoffs for RF isotypes, RF-
IgM positivity was determined on the basis of a previously deter-
mined cutoff level of greater than 26.59 units, which was present
in less than 2% of a subset of 156 DoDSR control subjects (9).
sCP positivity was determined by creating a cutoff level of greater
than 13.27 units, which was present in less than 2% of an addi-
tional subset of 96 DoDSR controls. This subset was selected
because they had adequate serum volumes available for testing.
A subset of samples underwent duplicate well testing for sCP,
with a mean difference between wells of less than 6%.

Statistical analyses. We determined the prevalence of
positivity for each biomarker for a single sample from each case
at given time points before and after RA diagnosis and compared
the prevalence of positivity for each biomarker at each of the
three pre-RA and one post-RA diagnosis time points using ¥
and Fisher’s exact testing when appropriate. We also determined
the diagnostic accuracy of anti-CCP3, RF-IgM, and sCP in cases
compared with a single time point in a subset of 48 controls who
were kept separate from the subjects used to set the cutoffs for
RF-IgM and sCP. Within cases, we stratified subjects into two
groups on the basis of whether the subject ever had sCP positivity
to determine whether sCP-positive subjects were different in terms
of their age at diagnosis of RA, sex, smoking status, or body mass
index (BMI) category (Centers for Disease Control classification of
normal = 18.5 to <25; overweight or obese = >25), using Fisher’s
exact tests or t tests as appropriate.

In addition, to address how combinations of biomarkers
could be used to estimate a time to future diagnosis of RA, we
calculated within cases the diagnostic accuracy, including sen-
sitivity, specificity, positive predictive values (PPVs) and negative
predictive values (NPVs), and likelihood ratios (LRs) of whether
a sample was within 3 years of or more from a future diagno-
sis of RA. This differs from the classical definition of diagnostic
accuracy studied in case-control studies but it is still clinically
useful to identify how accurately these tests confer an immi-
nent (within 3 years) RA diagnosis. The rationale for evaluating a
3-year interval was based on the assumption that 3 years before
a diagnosis of clinically apparent RA would represent a reasona-
ble interval to consider the initiation of an intervention for RA pre-
vention such as through enrollment in a clinical prevention trial.

For these analyses, because all subjects in the study were
seen more than one time in the pre-RA period, each observation

Cases (N = 215)

Controls for sCP Test Cutoff
Determination (N = 96)

Controls for Comparison
With Cases (N = 48)

Female, sex, % 48.0

Age at diagnosis of RA (or age at sample 37.0(7.9)
collection for controls), mean (SD), years

Non-Hispanic white, % 56.3

479 45.8
33.8(8.2) 35.2(7.8)
56.3 56.3

Abbreviation: RA, rheumatoid arthritis; sCP, serum calprotectin.
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is not independent; for example, a single individual may have two
samples in the window of 3 years or less prior to diagnosis. As
such, traditional methods of calculating diagnostic accuracy were
unavailable. Therefore, we used a bootstrap sampling approach
to calculate diagnostic accuracy, proceeding as follows: First, we
took a bootstrap sample of the data on cases from all visits before
RA diagnosis. Then, for each subject, we randomly sampled a
single sample from that subject’s set of samples, which could be
either within 3 years of RA diagnosis or earlier. With this approach,
because each case is included only once, the filtered data set
can then be used to estimate diagnostic accuracy statistics. The
bootstrap resampling was repeated 10 000 times, after which our
estimated diagnostic accuracy components are averaged over all
bootstrap iterations. We additionally used the bootstrap resamples
of our measures of interest to infer whether significant differences
existed between different combinations of biomarker positivity, and
these were used as the basis for all P values comparing diagnostic
accuracy results. Diagnostic accuracies (eg, PPV and NPV) were
calculated assuming that the prevalence of getting RA within 3
years is constant over the course of the age range of the pop-
ulation (in this population, each case had approximately a 7.9%
chance of being diagnosed with RA in any given 3-year period).
Finally, we investigated whether sCP positivity associates with
the positivity of other biomarkers at each time point using Fisher’'s
exact tests, adjusting for multiplicity using Bonferroni’'s method.

Ethical considerations. All studies were approved by
institutional review boards at the participating institutions.

RESULTS

The characteristics of the cases and controls, including
autoantibody and sCP positivity before and after RA diagnosis,
are presented in Tables 1 and 2. Overall, anti-CCP3, RF-IgM, and

sCP, as single biomarkers or in combination, were highly spe-
cific for RA when compared with those of the control subjects.
In addition, in the earliest samples (collected a mean of 11.5
years before RA diagnosis), anti-CCP3, and sCP were positive in
a higher number of subjects compared with RF-IgM (anti-CCP3
22.3% versus RF-IgM 8.8%; P < 0.001; sCP 17.7% versus RF-
IgM 8.8%; P = 0.010). However, in a pairwise comparison, the
difference between anti-CCP3 and sCP positivity at this earliest
time point was not statistically significant (P = 0.278). Further-
more, the number of subjects testing positive for anti-CCP3, RF-
IgM, and sCP increased as a diagnosis of RA approached, with
the exception that the prevalence of sCP positivity had a non-
significant decrease from the immediate pre-RA sample com-
pared with the post—RA diagnosis sample (29.1% versus 24.8%;
P =0.383).

In analyses of cases only, positivity for sCP in any sample
was more common in men than women (61.4% versus 38.6%;
P = 0.002); in addition, positivity for sCP was more common
in subjects whose BMI was classified as overweight or obese
compared with those with normal BMI (79.4% versus 25.4%;
P =0.006). There was no association of sCP positivity with smok-
ing or age (data not shown).

When the biomarkers were evaluated in combinations, posi-
tivity for both anti-CCP3 and RF-IgM had a significantly higher PPV
for an RA diagnosis in 3 years or less than anti-CCP3 alone (35.6%
versus 18.7%; P < 0.001) (Table 3). Moreover, “triple” positivity for
anti-CCP3, RF-IgM, and sCP had the highest PPV for a diagnosis
of RA within 3 years; however, the difference compared with the
combination of anti-CCP3 and RF-IgM positivity did not achieve
statistical significance (53.0% versus 35.6%; P = 0.248). Further-
more, the combination of anti-CCP3 and sCP positivity within
cases Who were never positive for RF-IgM had a PPV of 16.4%.

In addition, because there were significant associations
between male sex and obese/overweight status and sCP positivity,

Table 2. Biomarker positivity before and after RA diagnosis in RA cases and in controls

RA Cases: RA Cases: RA Cases:
Earliest Sample Intermediate Immediate RA Cases:
Before RA Sample Before Sample Before RA  Postdiagnosis
Diagnosis RA Diagnosis Diagnosis Sample Controls?
Subject samples available per time 215 214 213 214 48
interval,” n
Time sample collected in relationship to -11.5(5.2) -2.7(1.5) -0.9(0.8) 1.3(0.9) N/A
RA diagnosis, mean (SD), years
Anti-CCP3 positive, n (%) 48 (22.3) 127 (59.3) 157 (73.7) 161 (75.2) 0(0.0)
RF-IgM positive, n (%) 19 (8.8) 75 (35.0) 112 (52.6) 112 (52.3) 0(0.0)
sCP positive, n (%) 38(17.7) 50 (23.4) 62 (29.1) 53(24.8) 2(4.2)
Anti-CCP3 and RF-IgM positive, n (%) 10(4.7) 67 (31.3) 105 (49.3) 100 (46.7) 0(0.0)
Anti-CCP3, RF-IgM, and sCP positive, n (%) 3(1.4) 14(6.5) 38(17.8) 27 (12.6) 0(0.0)
Anti-CCP3 and sCP positive, n (%) 8(3.7) 23(10.7) 51(23.9) 39(18.2) 0(0.0)

Abbreviation: CCP, cyclic citrullinated peptide; N/A, not applicable; RA, rheumatoid arthritis; RF-IgM, rheumatoid factor immunoglobulin M; sCP,

serum calprotectin.

There were a total of 215 RA cases, and each time interval contains a single sample from each case; however, not all cases had a sample from

each time interval.

®The control samples are from 48 individuals and a single time point matched in the duration of collection and storage to RA case postdiagnosis

sample.
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we evaluated the PPVs of biomarkers in cases stratified by sex
and by BMI (Supplementary Table 1). Similar to what was seen
in the nonstratified analyses, overall, combinations of biomarkers
had increasing PPVs for a sample being less than 3 years from a
diagnosis of RA, with the highest PPVs seen in samples that were
positive for anti-CCP3, RF-IgM, and sCP. In addition, the PPVs
of biomarkers were similar in men and women, and there was
a trend for lower PPVs in cases who were overweight or obese
compared with those who were normal weight.

When evaluated as individual biomarkers, positive RF-IgM
had a higher PPV for an RA diagnosis in 3 years or less than anti-
CCP8 (27.2% versus. 18.7%; P = 0.037), although sCP alone
had a lower PPV for an RA diagnosis in 3 years or less compared
with anti-CCP3 (11.6% versus 18.7%; P = 0.024). There were no
significant associations of sCP positivity with anti-CCP3 and/or
RF-IgM positivity (data not shown).

DISCUSSION

Several important findings have been demonstrated herein,
including the first description that sCP can be abnormal prior to
a diagnosis of RA in a subset of individuals. In addition, within
cases, an increasing number of positive biomarkers (anti-CCP3,
RF-IgM, and sCP) in a sample yielded an increasing PPV for a
diagnosis of RA within 3 years. Furthermore, these findings add to
the understanding that anti-CCP3 can be present in pre-RA (10).

In particular, the addition of sCP to anti-CCP3 and RF-IgM
provided the highest predictive values for a sample being within 3
years of a diagnosis of RA. Although this triple positivity was not a
significant increase from the positivity of anti-CCP3 and RF-IgM,
the trend is intriguing. Notably, herein, anti-CCP and RF positivity
were highly specific for RA (Table 2); furthermore, these autoanti-
bodies have already been demonstrated in multiple case-control
and prospective studies to have a high PPV for future RA and
are used as inclusion criteria in multiple prevention studies in RA
(1-4,11). As such, although more studies are needed, these new
findings could be used to support a stepwise approach in which
anti-CCP and RF testing are used to identify individuals at high
overall risk for future RA and sCP positivity is further used to help
optimize the inclusion of individuals who will have an imminent
onset of clinically apparent RA.

The elevation of sSCP may also indicate that processes such
as neutrophil activation and neutrophil extracellular trap forma-
tion may be increased in some individuals in the pre-RA period
and be part of processes that lead to a transition to the devel-
opment of clinically apparent RA (12). Of further interest was the
finding that anti-CCP3 and sCP were elevated in a significantly
higher proportion of subjects than RF-IgM at the earliest pre-RA
serum sample available for the subjects (a mean of 11.3 years
prior to RA diagnosis). This could indicate a potential role for
processes that drive sCP in a subset of individuals in the earlier

steps in the evolution of RA. Furthermore, male sex and a higher
BMI were associated herein with increased rates of sCP positivity
within cases. Although published findings of sCP positivity and sex
are mixed, previous studies have consistently identified that sCP
can be higher in individuals who have obesity (13). As obesity has
also been identified as a risk factor for future RA (14), these rela-
tionships will need future investigation. In addition, when we evalu-
ated cases stratified by BMI, there was a tendency for decreased
PPVs of biomarkers in individuals who are overweight/have obe-
sity. We will avoid inferring too much from this finding given the
small numbers of subjects in some comparisons; however, this
could indicate that a higher BMI status itself is a risk factor for more
imminent-onset RA and/or that sCP may have a stronger associ-
ation with imminent RA in normal-weight individuals. This will need
future evaluation.

Notably, we have not compared the performance of sCP
with that of other measures of inflammation such as C-reactive
protein (CRP). However, in another pre-RA cohort study, CRP
did not significantly improve prediction for the timing of onset of
RA (15). Furthermore, even in early clinically apparent RA, inflam-
matory markers such as CRP or the erythrocyte sedimentation
rate may only be elevated in a subset of subjects (16), and indeed
herein only approximately 24% of subjects with RA had sCP posi-
tivity in samples collected a mean of approximately 1.3 years after
RA diagnosis. In addition, there was a decrease in the prevalence
of positivity of sCP in post-RA diagnosis samples that, based
on published work in patients with established RA (7), may be
explained by treatment effect as approximately 90% of the cases
in this DoDSR cohort were on disease-modifying RA-related ther-
apy at this postdiagnosis time point. Going forward, sCP and
other biomarkers should be explored to further understand their
roles as well as measures of severity of disease, response to ther-
apy, and long-term outcomes.

Finally, RF-IgM had a higher PPV than anti-CCP3 for an RA
diagnosis within 3 years; in addition, RF-IgM positivity was less
prevalent than anti-CCP3 positivity earlier in the pre-RA period. In
aggregate, these findings suggest that RF-IgM may appear later in
the evolution of RA than anti-CCP3; furthermore, RF-IgM may play
a role in the transition from pre-RA to clinically apparent disease
(9,17). These relationships will need exploration in future studies.

In conclusion, anti-CCP3, RF-IgM, and sCP are elevated in
pre-RA, and combinations of these biomarkers provide modest
PPVs for RA onset within 3 years. In particular, a clinically mean-
ingful improvement of sCP on prediction of future RA is plausible,
but further investigation is required to confirm this hypothesis as
well as to understand the role of sCP in the pathophysiology of
RA development.
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