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Abstract The new 2010 ACR/EULAR (American Col-
lege of Rheumatology/European League Against
Rheumatism) criteria of Rheumatoid Arthritis recently
published, have been released to classify and identify pa-
tients with early RA who could benefit from early therapy.
They recommend anti-citrullinated protein antibody
(ACPA) testing as an alternative criterion to Rheumatoid
Factor (RF) and ACPA that were introduced together with
the other classic criteria in a scoring system. We previously
criticized these new criteria because of unavailable speci-
ficity and sensibility in the first paper, and the use of ACPA
as dichotomous criterion (presence/absent) and alternatives
to rheumatoid factor. Our previous work promoted dis-
cussion and fostered new research on this issue. By the
light of new data, in an effort to improve clinical reasoning,
we suggest a more practical probabilistic point of view. In
this regard, we analyze the sensitivity and specificity of the
diagnostic studies that evaluate the performance of the
2010 classification criteria. Then, we compare the old and
the new classification criteria. Subsequently, we describe
the use of likelihood ratios applied to the classification
criteria and different cutoff levels of ACPA for decision-
making in different setting. Moreover, we define some
properties of likelihood ratios and their use for diagnosing
or excluding rheumatoid arthritis. We want to share this
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kind of knowledge within the scientific community because
we believe that it can help general practitioners and spe-
cialists to recognize early arthritis patients implementing a
more efficient probabilistic clinical reasoning.
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Introduction

The early recognition of rheumatoid arthritis (RA) has
become an essential issue in clinical practice for early
treatment to improve patient outcomes, and to block dis-
ease progression by avoiding joint destruction and func-
tional disability [1]. In the past decade much interest has
been focused on anti-citrullinated peptide/protein antibod-
ies (ACPA), claimed as a significant serological marker in
the diagnosis of early RA and throughout the course of the
disease [2].

For this reason, the new 2010 ACR/EULAR (European
League Against Rheumatism) criteria have been
specifically prepared to classify and identify patients with
early RA who might benefit from early DMARD therapy
introducing ACPA as alternative criterion to rheumatoid
factor (RF). However, we previously underlined some
methodological matters regarding these new criteria: (1)
non-homogeneity of performance of the ROC curves
among the three cohorts used for the formulation of the
criteria, (2) absence of computation of specificity and
sensitivity that prevented the comparison of performance
with the previous 1987 criteria in the first paper of the
criteria set, and (3) use of ACPA as a dichotomous criterion
instead of considering it as a continuous variable with
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different diagnostic performance according to different
cutoff values [3].

On the contrary, these criteria are a valuable effort by
ACR/EULAR experts to classify patients for research
purpose.

Several authors such as Zeidler and Montecucco high-
light the need for a better classification and diagnosis of
early arthritis because of the risk of misclassification and
unjustified treatment [4—6].

The aim of this manuscript is to analyze the available
literature data to give the best clinical decision-making
tools for clinicians involved in RA diagnosis by the uti-
lization of positive and negative Likelihood Ratios.

The old and the new criteria

The American College of Rheumatology (ACR) 1987 RA
criteria have been used for diagnostic purposes in clinical
practice. However, these criteria are limited by low sensi-
tivity and poor specificity for targeting early arthritis, and
therefore will fail to identify the crucial population that
hopefully would benefit from early therapeutic interven-
tion. The new 2010 ACR/EULAR (European League
Against Rheumatism) criteria have been prepared to clas-
sify and identify patients with early RA, who might benefit
from early therapy [6].

Several previous studies have evaluated the performance
of the 2010 classification criteria and 1987 criteria [7-10].

Table 1 shows different outcomes such as methotrexate
and DMARD therapy with or without radiographic infor-
mation, doctor’s diagnosis, subjects with 1-year swollen
joints, or diagnosis of RA at follow-up. Notwithstanding,
the specificity of 1987 criteria was higher than 2010 criteria
in contrast to the sensitivity. Computed positive and
negative Likelihood Ratios do not indicate a sufficient
probability to diagnose and to exclude a disease.

Moreover two recent systematic reviews and meta-
analyses (Table 2) performed by Sakellariou and Radner,
respectively, considered methotrexate and DMARD as
reference, show high sensitivity and low specificity of 2010
criteria as well as little informative power for computed
LR + and LR— [5, 11].

Therefore, more subjects may be marked as RA initially
and diagnosed on follow-up with another disease. The 2010
criteria are less able to differentiate RA from other types of
inflammatory arthritis, and will incorrectly diagnose RA in
patients having other types of arthritis.

Thus, in addition to systematic reviews, even the most
recent literature available cites the weakness of the new
2010 criteria in clinical practice.

In this regard, Zeidler and Montecucco clearly empha-
size the significant risk of misclassification and unjustified
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treatment applying the new criteria [5]. In this scenario,
while the most relevant scientific societies produce criteria,
the physician remains alone in front of the patients, with
the risk of misdiagnosis and the probability of adminis-
tering inappropriate care.

How can a physician manage all this uncertainty arising
from the lack of relevance and specificity of these criteria?
A possible solution is to redirect clinical reasoning from
excessive simplification, using old or new diagnostic cri-
teria, managing uncertainty through a more comprehensive
probabilistic approach. Such an outlook demands very hard
work.

The usefulness of ACPA

In past few years, the ACPA have emerged as a valuable
serologic marker of RA, while rheumatoid factor had been
the only biomarker considered in the past. Indeed, ACPA
was included in the 2010 RA classification criteria [6].
However, we may specifically use the evidence about
ACPA to discuss the diagnostic criteria according to a
probabilistic approach. Nishimura and colleagues show a
better diagnostic specificity of ACPA in comparison to
Rheumatoid Factor, and according to their analysis, ACPA
may also be a better predictor of erosive disease: the pooled
sensitivity and pooled specificity were 67 and 95 %, re-
spectively [12]. Moreover, a recent systematic review has
been published on the accuracy of ACPA in diagnosing
early RA. This analysis of 151 studies shows hat sensitivity
and specificity are 57 and 96 %, respectively (analysis
refers only to 15 relevant cohort studies) [13].

ACPA appears to be a reliable predictor of erosive RA,
making it a potentially important prognostic tool that might
be used to direct patient management decisions.

Recently Bizzarro and colleagues find that the presence
of ACPA, at both low and high concentration, is sig-
nificantly found in RA development in subjects with recent
onset arthritis. Moreover, the time interval from the onset
of the first symptoms to the fulfillment of the classification
criteria seems to be directly related to the initial ACPA
level [14].

Other authors have tried to test the performances of
combining ACPA with the ACR 1987 criteria to diagnose
early RA, without any improvement [15].

Conversely, Liao et al. [16] in a retrospective study,
find that the sensitivity increases up to 63 % in patients
with symptoms less than 6 months, and specificity de-
creases from 86 to 72 %. Moreover, data from the
French ESPOIR cohort show that the addition of ACPA
positivity to the enhanced 1987 criteria increases the
number of patients correctly classified as having early
stage RA [17].
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Table 2 List of systematic reviews, their results of diagnostic studies about the ACR/EULAR 2010 criteria and computed positive and negative

likelihood ratios

References Study design

2010 criteria sensitivity

2010 criteria specificity LR+ LR-

Sakellariou et al. [5] Systematic review and meta-analysis

Radner H et al. [11] Systematic review and meta-analysis

80 % methotrexate as standard
73 % DMARD:s as standard
85 % methotrexate as standard
80 % DMARD:s as standard

61 % methotrexate as standard 2.1 0.33
74 % DMARD:s as standard 2.81 0.37
52 % methotrexate as standard 1.77  0.29
65 % DMARD:s as standard 229 031

Positive likelihood ratio sensitivity/(1—specificity), Negative likelihood ratio (1—sensitivity)/specificity

The diagnosis of RA: beyond diagnostic criteria

All these data are likely to create confusion in the clinician
whose only objective is to improve efficient clinical
practice. Accordingly, Baye’s theorem could help the
physician to resolve this issue. In fact, Baye’s theorem
attests that the Likelihood Ratio of positive (LR+) and
negative (LR—) results enables one to compute posterior
probability using different “a priori” probabilities, in
contrast with positive or negative predictive values.
Specifically, Likelihood Ratios are sufficiently stable
characteristics of a test having more informative power
compared to sensitivity and specificity that are usually
confusing for the clinician. In this regard, sensitivity and
specificity are useful parameters when their values are
near 100 % (a negative result of a test with sensitivity of
100 % enables the exclusion of a disease, while a test with
specificity of 100 % is highly indicative of disease). This
is not the case for the 2010 diagnostic criteria and ACPA.
Therefore, how can we apply a sensitivity and specificity
that do not reach the value of 100 %? Likelihood Ratios of
a positive and negative test are always informative and
easily usable as a counterpoint to sensitivity and speci-
ficity. In general, a positive Likelihood Ratio >15 and a
negative Likelihood Ratio <0.15, respectively, indicate a
good probability of diagnosing a disease, and a good
probability of excluding a disease [18]. Moreover, Like-
lihood Ratios have another absorbingly interesting char-
acteristic: their values can be multiplied between or
among Likelihood Ratios for various tests. In our case,
ACPA and the old American College of Rheumatology
criteria can be considered to be two independent tests for
the disease. Indeed the old criteria do not contain the
ACPA test. For this reason, we can multiply the LR+ by
themselves. The 1987 ACR criteria have an LR+ of 8.54
and an LR— of 0.07 (computed from the original sensi-
tivity and specificity values of the American College of
Rheumatology criteria). Data calculated from the system-
atic review of Within indicate that ACPA has a LR+ of
12.7 and a LR— of 0.45 [13]. It is clear that neither
positive Likelihood Ratio nor negative Likelihood Ratio is
easily used in clinical practice for diagnosing or excluding
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Rheumatoid arthritis. However, if we multiply their values
by themselves (LR + = 8.54 x 12.7 = 108.4; LR— =
0.07 x 0.45 = 0.031) the subsequent Likelihood Ratios
(positive and negative) became highly informative even
for an inexperienced physician. However, this would
simply and correctly classify only subgroups of patients
who are positive or negative for both the criteria. Never-
theless, these LR values remain highly informative and
usable in different clinical practice settings (e.g. general
practitioner or rheumatologic outpatient clinic). In par-
ticular, low pre-test probabilities need high positive likeli-
hood ratios (to confirm a diagnosis), or, on the contrary,
pretty low negative likelihood ratios (to exclude a disease).
This is the case of pre-test probability of various diseases in
the general population including rheumatoid arthritis. Thus,
in the above-mentioned situations, a frequent use of Baye’s
theorem will generate a high post-test probability. Other-
wise, an experienced clinician such as a rheumatologist may
use his expertise to assign probabilities beyond a
probabilistic logic so that the criteria might be unneeded by
being accurately overcome by physician gestalt perception
of pre-test probability [19]. In this case, a single lab test
with optimal likelihood ratios, like ACPA, might be used to
transform pre-test probability excluding or confirming the
diagnosis. Obviously, the correct diagnosis is of paramount
importance for an effective decision-making about specific
drug prescriptions [20].

In this way, the use of combined information simplifies
diagnostic utilization of ACPA cutoff values. Recently,
Pietrapertosa et al. [21] describe the importance of differ-
ent cutoff values to modify Likelihood Ratios according to
Sackett lessons [18]. In fact, different cutoff values can
yield the so-called Spln (Specificity in: high values for the
highest specificity, consequently to diagnose disease), and
SNout (Sensitivity out: low values for the highest sensi-
tivity, consequently to exclude disease). Indeed, high
ACPA cutoff values may again overcome the use of the
criteria. APCA values >15.0 U/mL correspond to positive
Likelihood Ratios of 42 (values >30.0 U/mL actually
correspond to positive LH = c0) becoming very useful in
diagnosing early RA much more precociously, and without
the use of the old and new criteria.
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Conclusion

Our analysis might be useful in enhancing the body of
knowledge to improve clinical reasoning approach uncer-
tainty in different settings. In particular, we discuss how
the in-depth development of probabilistic logic applied to
this notable topic using literature data allows one to cope
with the uncertainty from different points of view. A
general practitioner could use the new criteria only to ex-
clude rheumatoid arthritis, while the fulfillment of the
criteria needs a rheumatologic evaluation to possibly con-
firm the diagnosis. On the other hand, the rheumatologist
might use a more comprehensive gestalt perception ap-
proach. In conclusion, we believe that this is the time to
share this kind of complex reasoning within the scientific
community to improve clinical practice.
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