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Abstract

Objectives. To examine the association between a multibiomarker disease activity (MBDA) score, CRP
and clinical disease activity measures among RA patients with and without concomitant FM.

Methods. In an observational cohort of patients with established RA, we performed a cross-sectional
analysis comparing MBDA scores with CRP by rank correlation and cross-classification. MBDA scores,
CRP and clinical measures of disease activity were compared between patients with RA alone and RA
with concomitant FM (RA and FM) by univariate and multivariate analyses.

Results. CRP was <1.0mg/dl for 184 of 198 patients (93%). MBDA scores correlated with CRP (r=0.755,
P <0.001), but were often discordant, being moderate or high for 19%, 55% and 87% of patients with
CRP <0.1, 0.1 to <0.3, or 0.3 to <1.0mg/dl, respectively. Among patients with CRP < 1.0 mg/dl, swollen
joint count (SJC) increased linearly across levels of MBDA score, both with (P=0.021) and without
(P=0.004) adjustment for CRP, whereas CRP was not associated with SJC. The 28-joint-DAS-CRP,
other composite measures, and their non-joint-count component measures were significantly greater for
patients with RA and FM (n=25) versus RA alone (n=173) (all P < 0.005). MBDA scores and CRP were
similar between groups.

Conclusion. MBDA scores frequently indicated RA disease activity when CRP did not. Neither one was
significantly greater among patients with RA and FM versus RA alone. Thus, MBDA score may be a useful
objective measure for identifying RA patients with active inflammation when CRP is low (<1.0mg/dl),
including RA patients with concomitant FM.

Key words: biomarkers, C-reactive protein, disease activity, fibromyalgia, multibiomarker, RAPID3, rheumatoid
arthritis

Rheumatology key message

o Multibiomarker disease activity score frequently indicated elevated RA disease activity when CRP was normal.

o Unlike clinically-based measures, multibiomarker disease activity scores were similar between RA patients with
FM versus RA alone.

o Multibiomarker disease activity score may objectively complement conventional RA disease activity measures
when CRP is normal.
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Multibiomarker disease activity test versus CRP in RA patients

Introduction

Regular assessment of disease activity is critical for
optimizing treatment outcomes for patients with RA [1,
2]. Measures that use joint counts, patient-reported out-
comes and physician global assessment, are partially or
entirely subjective and may not detect subclinical
synovitis [3]. The acute phase reactants, CRP and ESR,
while objective, are often normal for patients with clinically
apparent synovitis and can be unreliable for estimating RA
disease activity [4-7].

An objective tool is needed for assessing RA patients
because their most common symptom, pain, may have
inflammatory and non-inflammatory aetiologies. Non-
inflammatory pain can confound clinical assessment and
treatment decisions in RA [8-10]. Non-inflammatory pain
may make RA disease activity appear worse than it really
is, potentially leading to overtreatment with DMARDs.
Conversely, RA disease activity may be underestimated if
physicians incorrectly attribute signs or symptoms of RA to
non-inflammatory aetiologies. Hence, an objective measure
of RA disease activity that is more reliable than CRP may
be useful when assessing RA patients with concomitant
FM, a chronic condition of widespread non-inflammatory
pain found in 12-21% of patients with RA [11-14].

The multibiomarker disease activity (VMIBDA) test object-
ively quantifies disease activity in patients with RA. It meas-
ures the serum concentrations of 12 biomarker proteins,
including CRP, to produce a score that represents RA dis-
ease activity on a scale of 1-100 [15]. The MBDA score
correlates with the 28-joint DAS-CRP (DAS28-CRP) and
other composite measures of RA disease activity [15-18].

The MBDA test, available to physicians in the USA since
2010, has been validated in multiple RA cohorts, including
patients treated with non-biologic and biologic DMARDs
and patients who are seropositive or seronegative [15]. A
modified version of the MBDA score, with no CRP compo-
nent, was shown to correlate with the DAS28-CRP, indicat-
ing the relevance of non-CRP biomarkers in the MBDA
score [15, 17]. The MBDA score reflects pathologically
meaningful disease activity, based on its association with
risk for progression of radiographic joint damage for pa-
tients with established RA [19] and early RA [20, 21].
The MBDA score was a better predictor of risk for radio-
graphic progression than the DAS28-CRP [19], DAS28-
ESR, CRP and ESR [20]. It also discriminated risk for
progression among patients in DAS28-CRP remission [19].

The primary aim of this study was to evaluate MBDA
scores and CRP in patients from the Brigham Rheumatoid
Arthritis Sequential Study (BRASS) to compare how they
measure RA disease activity. The secondary aim was to
understand the utility of the MBDA test in patients with RA
and concomitant FM (RA with FM), for whom objective
assessment is particularly needed.

Methods

The Brigham Rheumatoid Arthritis Sequential Study

BRASS is a prospective, observational cohort at the
Brigham and Women’s Arthritis Center in Boston, MA,
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that, since 2003, has enrolled patients >18 years old
with RA confirmed by a board-certified rheumatologist.
Most patients in BRASS had established RA when
enrolled; ~20% had recent-onset RA [22]. From
September 2009 to September 2011, 208 of 594 total
active participants in BRASS were enrolled in a substudy
of the effects of widespread non-joint pain on patients
with RA. Each substudy patient provided serum and was
assessed for clinical RA disease activity and concomitant
FM [23]. The BRASS study and this substudy were
approved by the Partners Institutional Review Board,
Boston. Informed consent was obtained from all patients
at enrolment into the BRASS study and for this substudy,
according to the Declaration of Helsinki.

Patient population and clinical assessments

The present cross-sectional analysis included the 198 of
208 BRASS patients in the substudy of non-inflammatory
pain in RA who met the following criteria, as applied to the
earliest possible substudy visit: non-missing data for
DAS28-CRP component scores; non-missing data for
the Widespread Pain Index described in the modified ver-
sion of the preliminary 2010 diagnostic criteria for FM of
the ACR [23]; and adequate frozen serum for MBDA test-
ing. The present analysis used data from the first, second
or third substudy visit for 177, 20 and 1 patient(s), respect-
ively. Clinical data included: tender joint count (TJC), swol-
len joint count (SJC), patient global assessment (PGA)
of disease activity within the last 24 h, physician global
assessment of disease activity, patient assessment of
pain within the last week and physical function from the
Multidimensional Health Assessment Questionnaire
(MDHAQ) and CRP.

The individual physical function score in the MDHAQ
and the corresponding Routine Assessment of Patient
Index Data 3 (RAPID3) score were excluded if fewer
than seven of the 10 physical function questions had
been answered. Function scores based on 7, 8 or 9 ques-
tions answered were normalized by dividing by the
number of questions answered and multiplying by 10.
PGA, physician global assessment and pain were based
on 10-point numeric rating scales (NRSs). DAS28-CRP,
Simple Disease Activity Index (SDAI), Clinical Disease
Activity Index (CDAI) and RAPID3 were calculated accord-
ing to established methods, using the same NRS meas-
urement tool for PGA [24-27].

Diagnosis of FM

FM was diagnosed according to the modified ACR 2010
Preliminary Diagnostic Criteria [23], which specify that in-
dividuals must have either: Widespread Pain Index >7
and Symptom Severity Score =5, or 2); Widespread
Index 3-6 and Symptom Severity Score >9. The
Widespread Pain Index sums the number of painful
areas (0-19). A modified Symptom Severity Score was
calculated using the MDHAQ Fatigue Scale to assess fa-
tigue; the Medical Outcomes Study Sleep Scale to assess
waking refreshed; a neurological screen for concentration,
memory and word-finding problems to assess cognitive
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symptoms; and patient self-report of abdominal pain,
headaches and depression to assess somatic symptoms.
Fatigue, waking refreshed and cognitive symptoms used
0-3-point scales. Abdominal pain, headaches and
depression were scored 1 if present and 0 if absent.

CRP assessment

CRP testing (except for the MBDA score) used a high-
sensitivity immunoturbidometric assay performed on a
Roche P Modular System (Roche Diagnostics,
Indianapolis, IN) at Boston Children’s Hospital. The
upper limit of normal was 0.5mg/dl. Blood samples for
CRP testing and MBDA testing were obtained at the
same time.

MBDA score

One archived, de-identified, frozen serum sample per
patient was tested in the clinical laboratory of
Crescendo Bioscience (South San Francisco, CA), which
is certified under the CMS Clinical Laboratory
Improvement Amendments and accredited by the
College of American Pathologists for determination of
Vectra DA scores. An automated, multiplex, sandwich im-
munoassay (Meso Scale Discovery, Rockville, MD) mea-
sured concentrations of the 12 MBDA biomarkers
[vascular cell adhesion molecule-1 (VCAM-1), epidermal
growth factor (EGF), VEGF-A, IL-6, TNF receptor type 1
(TNF-R1), matrix metalloproteinase-1 (MMP-1), MMP-3,
YKL-40, leptin, resistin, serum amyloid A (SAA) and
CRP]. Biomarker concentrations were combined in a vali-
dated algorithm to generate an integer score on a scale of
1-100 [16]. The MBDA categories, low (<30), moderate
(30-44) and high (>44), were previously determined by
translating the DAS28-CRP thresholds to the correspond-
ing MBDA scores based on the linear relationship be-
tween the DAS28-CRP and the MBDA score [15]. The
CRP measurement in the MBDA panel was used only for
determination of the MBDA score.

Statistical analysis

Association between MBDA score and CRP for the entire
cohort

A scatter plot of log-transformed CRP versus MBDA
scores was constructed, and the Spearman rank correl-
ation (r) was used to characterize strength of association.
The relationship between defined categories of MBDA
score (described above) and CRP (see below) was esti-
mated by the Spearman rank correlation, using the exact
conditional test for the Spearman correlation coefficient
[28]. CRP cut-points were: 0.1 mg/dl (the median for all
CRP values <0.3 mg/dl in this cohort); 0.3 mg/dl (a thresh-
old for cardiovascular risk [29]); and 1.0 mg/dl (the thresh-
old in the ACR/EULAR Boolean definition of remission [4,
30, 31]).

Association between MBDA score and SJC for patients
with CRP < 1.0mg/dl

For patients with CRP <1.0mg/dl, box plots presented
SJC within each category of MBDA score. The
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relationships between SJC and MBDA scores and be-
tween SJC and CRP were evaluated separately, in uni-
variate analyses, and jointly, in multivariate analyses, by
negative binomial regression [32]. Two models were used,
one with MBDA scores and/or CRP included as ordinal
scores, and another, with MBDA scores and/or CRP
included as continuous scores. Modelling SJC as a func-
tion of ordinal scores facilitates testing for linear trend
across the three increasing levels of MBDA score or CRP.

Comparison of disease activity between patients with RA
and FM and RA alone for the entire cohort

Composite disease activity scores, their component
measures, and MBDA scores were compared between
patients with RA and FM versus RA alone using: t-tests
or Wilcoxon rank sum tests for unadjusted analyses; and
multivariate analyses, adjusting for non-redundant vari-
ables that differed between patients with RA and FM
and RA alone. Multivariate analyses used least-squares
linear regression (for log;o CRP), rank-based linear regres-
sion (for MBDA score, DAS28-CRP, SDAI, CDAI, RAPIDS,
PGA, physician global assessment, pain and physical
function) [33, 34], or negative binomial regression (for
SJC and TJC). Rank-based and negative binomial regres-
sions were employed for multivariate analyses of disease
activity measures when the distribution of the disease
activity measures did not meet the assumptions (i.e. nor-
mally distributed errors) of ordinary least-squares regres-
sion [32]. Cumulative probability plots were used to
compare the distributions of MBDA scores, disease activ-
ity composite scores and component measures for RA
patients stratified according to whether they had FM.

No missing data were imputed, except for physical
function and RAPID3 scores. All statistical tests were eval-
uated at the 0.05 two-sided significance level, without ad-
justments for multiple hypothesis testing.

Results

Patients evaluated

Demographic and clinical characteristics of the 198
patients were consistent with long-standing RA (Table 1).
Non-biologic and biologic DMARDs were used by 62% and
61%, respectively, with 34% using both in combination.
Significant differences were found between patients with
RA and FM (n=25) versus RA alone (n=173) only for
Body Mass Index (BMI), current methotrexate use, current
non-biologic DMARD use and current use of neither a
biologic nor non-biologic DMARD (Table 1).

Correlation between MBDA scores and CRP for the
entire cohort

MBDA scores were low, moderate or high in 94 (47%), 67
(84%) and 37 (19%) of all 198 patients, respectively. A
strong correlation was observed between MBDA scores
and CRP values overall (r= 0.755) and for patients with
(r= 0.890) or without concomitant FM (r= 0.734) (Fig. 1).
Similar correlations were obtained when analysis was
restricted to patients with SUC = 0 (r= 0.792, 0.936,
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TaeLeE 1 Baseline characteristics

Age, mean (s.d.), years

Female, n (%)

Duration of RA, mean (s.d.), years

BMI, mean (s.d.), kg/m?

Positive RF, n (%)°,°

Positive anti-CCP antibody, n (%)°,°

RA by 1987 ACR criteria, n (%)

Taking biologic DMARD, n (%)

Taking MTX, n (%)

Taking prednisone, n (%)

Taking non-biologic DMARD, n (%)

Taking biologic DMARD and MTX, n (%)

Taking biologic DMARD and non-biologic DMARD, n (%)
Taking neither biologic nor non-biologic DMARD, n (%)

All RA RA
patients, N=198 alone, N=173 with FM, N=25 P values
58.1 (11.1) 57.9 (11.4) 58.9 (9.0 0.6912
168 (85) 146 (84) 22 (88) 0.773°
15.9 (9.2) 15.9 (9.2) 15.8 (9.4) 0.969%
26.9 (5.7) 26.5 (5.5) 29.4 (6.6) 0.024%
124 (63) 113 (66) 11(46) 0.059°
120 (62) 106 (63) 14 (56) 0.495°
195 (98) 171 (99) 24 (96) 0.334°
120 (61) 106 (61) 14 (56) 0.614°
99 (50) 92 (53) 7 (28) 0.019°
31 (16) 27 (16) 4 (16) 1.000°
122 (62) 112 (65) 10 (40) 0.017°
59 (30) 53 (31) 6 (24) 0.498°
67 (34) 60 (35) 7 (28) 0.509°
24 (12) 16 (9.2) 8 (32) 0.004°

3t-test or Wilcoxon rank-sum test. °Pearson chi-squared or Fisher’s exact test. °Missing values were excluded from analysis.
dAll patients N=196, RA N=172, RA and FM N=24. ®All patients N=193, RA N=168, RA and FM N=25.

Fic. 1 Scatter plot of multibiomarker disease activity
scores and CRP values

CRP (mg/dL)

o RA
0.001 ® RA+FM

20 40 BO BO
MBDA Score

Linear regression line is shown for 198 patients: 25 with
RA and FM (closed circles) and 173 with RA alone (open
circles). Spearman rank correlation coefficients were
r=0.755 for all 198 patients; r=0.890 for patients with RA
and FM; and r=0.734 for patients with RA alone (all

P <0.001). MBDA: multibiomarker disease activity.

0.759 for all patients with SJC = 0, those with RA and FM,
and those with RA alone, n=86, 11, 75, respectively). CRP
concentrations were < 1.0 mg/dl, <0.3 mg/dl, or <0.1 mg/dI
in 184 (93%), 139 (70%) and 70 (35%) of 198 patients,
respectively.

Discordance between MBDA scores and CRP in the
entire cohort

Despite the strong correlation observed between MBDA
score and CRP, MBDA scores spanned broad ranges for
every level of CRP (Fig. 1). MBDA scores ranged from 12

www.rheumatology.oxfordjournals.org

to 47 (mean 20.1 +S.D. 8.2) for patients with CRP <0.1,
15-54 (mean 30.5+9.2) for patients with CRP >0.1
to <0.3mg/dl and 21-61 (mean 40.9+10.8) for patients
with CRP 0.3 to <1.0mg/dl. MBDA scores were moderate
or high in 19%, 55% and 87% of patients in these CRP
categories, respectively, and in 49% of all patients with
CRP <1.0mg/dl (Table 2). Patients with CRP >1.0mg/dI
all had high MBDA scores (range 50-74, mean 61.5+7.2).
The proportions of low, moderate or high MBDA scores
appeared to be similar for patients with RA and FM versus
RA alone (Table 2). These results indicate that MBDA
scores were frequently elevated when CRP
was <1.0mg/dl.

Detection of disease activity by MBDA score when
CRP < 1.0mg/dl

To evaluate whether the MBDA score distinguished be-
tween clinically discernable levels of RA disease activity
when CRP was low, SJC results were analysed for the 184
patients with CRP < 1.0mg/dl. SJC was chosen as a
comparator because, lacking imaging data, SJC was the
most objective non-blood test indicator of synovitis avail-
able. The distributions of SJC increased across the low,
moderate and high categories of MBDA score with stat-
istically significant correlation (Fig. 2). Univariate negative
binomial regression analyses, using ordinal scores for
MBDA score or CRP, demonstrated that SJC was signifi-
cantly related to MBDA score, but not to CRP (Table 3).
The association between SJC and MBDA scores was
similar when determined with adjustment for BMI (regres-
sion coefficient=0.52, P=0.004) or without it (regression
coefficient=0.45, P=0.004, Table 3). Multivariate nega-
tive binomial regression using ordinal scores demon-
strated that the MBDA score was significantly
associated with SJC after controlling for CRP (P =0.021),
but CRP was not associated with SJC after controlling for
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TaBLE 2 Patients stratified by MBDA score and CRP

Complete study cohort: patients with RA and FM or RA alone, N=198

CRP, mg/dI

MBDA Score <0.1, (n=70) >0.1t0 0.3 (n=69)
<30 57 (81%) 31 (45%)
30-44 12 (17%) 34 (49%)

>44 1 (1%) 4 (6%)

Patients with RA and FM (N =25)

MBDA score <0.1 (n=8) >0.1t0 0.3 (n=9)
<30 8 (100%) 3 (33%)
30-44 0 (0%) 5 (56%)
>45 0 (0%) 1 (11%)

Patients with RA alone (N=173)

MBDA score <0.1 (n=62) >0.1 to 0.3 (h=60)
<30 49 (79%) 28 (47%)
30-44 12 (19%) 29 (48%)

>44 1 (2%) 3 (5%)

>0.3to 1.0 (n=45) >1.0 (n=14) All patients (N =198)
6 (13%) 0 (0%) 94 (47%)
21 (47%) 0 (0%) 67 (34%)
18 (40%) 14 (100%) 37 (19%)
CRP, mg/dl
>0.3t0 1.0 (n=6) >1.0 (n=2) All patients (N =25)
0 (0%) 0 (0%) 11 (44%)
3 (50%) 0 (0%) 8 (32%)
3 (50%) 2 (100%) 6 (24%)
CRP, mg/d|
>0.3t0 1.0 (h=39) >1.0(n=12) All patients (N=173)
6 (15%) 0 (0%) 83 (48%)
18 (46%) 0 (0%) 59 (34%)
15 (38%) 12 (100%) 31 (18%)

Values in each cell, as n (%), represent the numbers and percentages of patients for that column. P < 0.001 for the association
between the ordered categories of MBDA score and CRP using the exact conditional test for the Spearman correlation
coefficient [29] for all patients (N=198); for patients with RA and FM (N=25); and for patients with RA alone (N=173).

Fic. 2 Swollen joint counts as a function of multibiomar-
ker disease activity score
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SJC are shown for RA patients with CRP <1 mg/dl

(N =184), stratified by categories of MBDA score: low
(<80), moderate (30-44) and high (>44). Boxes represent
IQR. Whiskers extend to the most extreme observed value
within 1.5 times the IQR from the median. Horizontal lines
within boxes represent medians. Diamonds represent
means. SJC increased linearly across the levels of MBDA
score (P =0.021), controlling for CRP in multivariate
negative binomial regression analysis with ordinal scores
for MBDA score and CRP [32]. MBDA: multibiomarker
disease activity; SJC: swollen joint count; IQR: interquar-
tile range.
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MBDA score (P=0.847). Similar results were obtained
with regression analyses using continuous scales for
MBDA score and CRP (Table 3). These results indicate
that, among patients with CRP <1.0mg/dl, elevated
MBDA scores were independently associated with RA dis-
ease activity, as measured with SJC, but CRP was not.

Disease activity measures for patients with RA and
FM versus RA alone

In view of the discordances between MBDA scores and
CRP, as well as evidence that MBDA score (but not CRP)
was associated with SJC, we examined MBDA score,
CRP and clinical measures of disease activity in a context
where objective measures may be particularly needed by
comparing the RA and FM (n=25) versus RA alone
(n=173) groups. In univariate analyses, median CRP and
MBDA scores were similar between the two groups
(Supplementary Table S1, available at Rheumatology
Online). By contrast, the RA and FM group had signifi-
cantly greater median values, compared with the RA
alone group, for DAS28-CRP (3.4 versus 2.6, P =0.005),
SDAI (17.1 versus 8.0, P <0.001), CDAI (16.3 versus 8.0,
P <0.001) and RAPID3 (12.9 versus 5.3, P <0.001).

PGA (P <0.001), physician global assessment
(P <0.001), pain (P<0.001) and physical function
(P=0.002) were all statistically significantly greater in the
RA and FM group, compared with the RA alone group, in
univariate analyses. Median values for each were 2.0-fold
to 3.33-fold greater in the RA and FM group
(Supplementary Table S1, available at Rheumatology
Online). A significant between-group difference was
observed for TJC (P=0.041), but not for SJC (P=0.378)

www.rheumatology.oxfordjournals.org
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TaeLe 3 Univariate and multivariate models of association of MBDA score and CRP with SJC

Variable

Regression coefficient

MBDA score, ordinal Intercept
MBDA score
Intercept
CRP
Intercept
MBDA score
CRP
Intercept
MBDA score
Intercept
CRP
Intercept
MBDA score
CRP

CRP, ordinal

Multivariate, ordinal

MBDA score, continuous
CRP, continuous

Multivariate, continuous

LR Chi-square P values
0.10 0.29 — -
0.45 0.16 8.11 0.004
0.36 0.33 — —
0.27 0.16 2.83 0.092
0.06 0.35 — -
0.43 0.19 5.32 0.021
0.04 0.19 0.04 0.847
—0.07 0.32 — -
0.03 0.01 9.57 0.002
0.74 0.18 — -
0.61 0.55 1.30 0.255
-0.14 0.32 - -
0.04 0.01 9.22 0.002
—0.64 0.66 0.94 0.332

Models used negative binomial regression and were for patients with CRP < 1.0mg/dl (N=184). LR: likelihood ratio. MBDA:

multibiomarker disease activity.

(Supplementary Table S1, available at Rheumatology
Online). Multivariate adjustment for non-redundant factors
that were significantly different between the two groups
(BMI and non-biologic DMARD use) produced similar re-
sults, except the P values for TJC (P=0.153) were not
statistically significant (Table 4). Cumulative probability
plots demonstrated that the disease activity differences
between groups were widespread and were not due to
patients with atypical values (Supplementary Fig. S1,
available at Rheumatology Online).

Discussion

In this cross-sectional study of patients with RA, we found
that 93% had CRP <1.0mg/dl, and the MBDA score de-
tected moderate or high disease activity in approximately
half of them. Discordance between MBDA score and CRP
was observed, even when CRP was <0.3mg/dl and
whether or not patients had concomitant FM. The MBDA
score appeared to reflect levels of RA disease activity
when CRP was <1.0mg/dl because SJC values tended
to be lowest in these patients when MBDA score was low
and greatest when it was high. These results suggest that
the non-CRP biomarkers in the MBDA test [16] were able
to detect disease activity with greater sensitivity than CRP
alone, especially when CRP was low.

Multiple factors may be considered when practitioners
assess RA disease activity, including CRP. Our finding
that the MBDA score was often elevated when CRP was
low is clinically meaningful because low CRP values are
common among patients with RA. In a study of patients
evaluated at initial presentation of RA, prior to initiation of
DMARD therapy, approximately half had normal CRP [6].
In a study of patients with long-standing RA, 75% had
CRP <1.0mg/dl [4]. Among 9135 patients with clinically
active RA in a US clinical practice registry, 70% of pa-
tients had normal CRP (<0.8mg/dl) [35]. In our study,
the high prevalence of low CRP values may reflect that

www.rheumatology.oxfordjournals.org

TaBLe 4 Multivariate analysis of disease activity meas-
ures for patients with RA alone or RA with FM

RA alone RA and FM

Mean? Mean® P values
MBDA score 29.8 29.8 0.988
DAS28-CRP 2.6 3.2 0.008
SDAI 7.9 15.2 <0.001
CDAI 7.6 15.0 <0.001
RAPID3P 5.7 12.4 <0.001
Patient global, NRS 1.9 4.7 <0.001
Physician global, NRS 2.0 3.0 <0.001
Pain, NRS 2.0 5.0 <0.001
Physical function® 1.3 2.2 <0.001
Tender joint count 4.1 6.7 0.153°
Swollen joint count 2.5 3.0 0.527¢
CRP, mg/dl 0.2 0.1 0.431

Mean values adjusted in multivariate analysis for non-
redundant factors that were significantly different between
the two groups (body mass index and non-biologic dis-
ease-modifying anti-rheumatic drug use). Pphysical function
scores were available for all 198 patients; values were nor-
malized for nine patients with RA alone and one patient with
RA and FM, based on answers being available for only 8 or
9 of the 10 questions for physical function. ®x? test for tender
joint count and swollen joint count; all others t-statistic.
NRS: numeric rating scale; RAPID3: Routine Assessment
of Patient Index Data 3; MBDA: multibiomarker disease ac-
tivity; SDAI: Simple Disease Activity Index; CDAI: Clinical
Disease Activity Index.

most patients had established RA and were receiving
treatment with non-biologic or biologic DMARDs. These
studies and ours illustrate that CRP is often too low to be
helpful for evaluating RA in clinical practice [35].

Among patients with CRP <1.0mg/dl, 13% had high
MBDA scores. The MBDA score was significantly
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associated with SJC, with or without adjustment for CRP,
whereas CRP was not associated with SJC. In a prior
study of patients with established RA receiving DMARD
therapy, high MBDA scores were associated with
increased radiographic progression over the following
year, even among patients in DAS28-CRP remission
[19]. In a post hoc analysis of SWEFOT, 30% of patients
with clinically active early RA had CRP <1.0mg/dl at
baseline. Among these patients, rapid radiographic pro-
gression was restricted to those with a high MBDA score
at baseline [20]. These studies suggest that a high MBDA
score may reflect joint inflammation and increased risk for
subsequent joint damage when conventional measures
such as DAS28-CRP or CRP detect low RA disease ac-
tivity. Other explanations, including comorbidities, such as
infections, cancer or, cardiovascular disease, may also
warrant consideration when MBDA score is high and clin-
ical disease activity appears to be low, depending on the
individual clinical context. Further studies are needed to
evaluate the MBDA score in such patients.

We found no association between FM and MBDA score
or CRP. By contrast, strong associations were observed
between FM and elevation of clinical composite indices,
related predominantly to elevations of their subjective
component measures. Similar results have been reported
for other studies of RA patients with and without FM, al-
though none included MBDA scores [11, 13, 36-38]. Only
one of these studies assessed physician global assess-
ment, finding it to be approximately twice as great in pa-
tients with RA and FM, as in our study [36].

These findings, and ours, may be interpreted two ways.
They may mean that the more subjective, non-laboratory
measures overestimated RA disease activity in the RA and
FM group, or that MBDA score and CRP underestimated
disease activity in the RA and FM group. Prior cross-sec-
tional studies support an overestimation by subjective
measures, although none had a gold standard measure
of disease activity [12, 14, 36-38]. These studies observed
varied relationships between SJC and FM [12, 14, 37, 38].
The largest of the prior studies, like ours, found that SJC
was not significantly greater in the RA and FM group [36].
A recent case-control study also found that ultrasound
power Doppler and grey scale scores, as well as SJC,
ESR and CRP, were not significantly different between
patients with RA and FM versus RA alone [39].

A limitation of our study is that only 25 of the 198 pa-
tients had FM. This sample size is similar to those of other
cross-sectional studies, where the FM subgroups com-
prised 12-49 patients (12% to 21%) of 100-270 total pa-
tients with RA [12, 14, 36-38]. Despite the limited size of
the group with RA and FM, statistical significance was
achieved for most comparisons of clinical measures be-
tween the RA and FM and RA alone groups, even after
adjustment in multivariate analysis. By contrast, MBDA
scores and CRP were not significantly different and had
nearly identical probability distributions between groups.

This study lacked imaging data, precluding use of X-
rays, ultrasound or MRI to evaluate discordances between
MBDA score and CRP or SJC. Previous studies of
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patients with established RA [19] and early RA [20] provide
evidence that the MBDA score is a better predictor of
radiographic progression than DAS28-CRP [19] and CRP
[20], including when they are discordant. Thus, the MBDA
score may detect subclinical disease activity [19], and pa-
tients with low CRP and high MBDA score may have
increased risk of progression [20]. Additional research is
needed to evaluate these hypotheses.

Non-RA causes of inflammation may have influenced
MBDA scores or CRP values, although such effects were
probably minor because CRP concentrations were gener-
ally low. CRP gene polymorphisms [40] were not studied
here. Their relevance in patients with RA is unclear [41, 42]
and it seems unlikely that they would alter our findings. We
did not examine the relationship between FM and non-CRP
biomarkers, because they are not available for clinical use.
Evidence regarding non-CRP inflammatory biomarkers in
serum of individuals with FM is inconclusive [43, 44].

In summary, for patients with established RA, MBDA
scores were frequently elevated when CRP was <1.0mg/
dl. Among patients with CRP <1.0mg/dl, MBDA scores
were significantly associated with greater SUC whereas
CRP was not. The subgroup of patients with RA and FM
had similar MBDA scores and CRP, compared with the RA
alone group, but significantly greater values for DAS28-
CRP and other clinical disease activity measures. Thus,
the MBDA score may be a more sensitive, objective indi-
cator of RA disease activity than CRP when CRP is low.
This finding may have practical implications for RA patients
with concomitant FM and low CRP. A high MBDA score in
such patients may indicate the presence of inflammation,
whereas a low MBDA score may suggest that pain is more
likely due to a non-inflammatory cause.
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