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Objective. To evaluate the metrologic properties of composite disease activity indices in rheumatoid arthritis (RA),
utilizing information derived from clinical, gray-scale (GS), and power Doppler (PD) ultrasound examinations, and to
assess the classification of patients according to disease activity using such indices.
Methods. This ancillary study utilized data from a multicenter, prospective, randomized, parallel-group study conducted
in subjects with moderate RA randomized to receive etanercept and methotrexate (ETN � MTX) or usual care (various
disease-modifying antirheumatic drugs [DMARDs]). In multimodal indices, the 28 swollen joint count was either
supplemented or replaced by clinically nonswollen joints in which the presence of synovitis was detected either by GS
and/or PD and was calculated according to the Disease Activity Score in 28 joints (DAS28) or the Simplified Disease
Activity Index (SDAI). Reliability, external validity, and discriminative capacity were calculated at baseline/screening by
intraclass correlation coefficient, Pearson’s correlation, and standardized response mean, respectively.
Results. Data from 62 patients (mean � SD age 53.8 � 13.2 years, mean � SD disease duration 8.8 � 7.7 years, mean �
SD disease activity 4.6 � 0.5 [DAS28] and 20.9 � 5.9 [SDAI]) were analyzed, with 32 receiving ETN � MTX and 30
receiving DMARDs. The metrologic properties were at least as good for GS- and/or PD-based indices as for their clinical
counterparts. Using GS- and PD-supplemented indices, an additional 67.8% and 32.3% of patients (DAS28-derived and
SDAI-derived indices, respectively) could be classified as having high disease activity at the screening visit.
Conclusion. Multimodal indices incorporating ultrasound and clinical data had similar metrologic properties to their
clinical counterparts; certain indices allowed for a significantly larger number of patients to be classified to either high
or moderate disease activity at the screening visit.

INTRODUCTION

Composite or pooled indices are useful tools that com-
bine core set variables for disease activity that have
been recommended by international and national organi-
zations to be used in rheumatoid arthritis (RA) disease

activity assessment (1–3). Composite indices are used for
the evaluation and quantification of disease activity in
patients with RA both in everyday practice and in clinical
trials (4–7) and contain a pooled set of different measures,
including joint counts, patient and physician global as-
sessments, and acute-phase reactants. All currently used
composite disease activity indices include a swollen joint
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count (SJC) and a tender joint count, which are based on
clinical examination.

The widespread use of musculoskeletal ultrasound by
rheumatologists in both clinical practice and clinical trials
has led to the development of various quantification meth-
ods, the majority of which were developed for the detec-
tion of synovitis in RA. As compared to clinical examina-
tion, ultrasound has demonstrated superior sensitivity and
interobserver reliability with respect to the detection of
synovitis in RA in a number of studies (8–12).

In order to quantify the pathologic changes in single
joints, synovitis may be evaluated by binary grading
(presence/absence), semiquantitative scoring (scales), and
quantitative measurements (volume/depth of synovial tis-
sue), both in gray-scale (GS) (8,13–15) and also by using
color/power Doppler (PD) flow assessment (16–23). In re-
cent years, several global ultrasound synovitis scoring
systems that aim to assess synovitis on the patient level as
opposed to the level of single joints have been developed
and validated (24). Scores based on a reduced number
of joints have shown a similar correlation with clinical
and laboratory parameters as the corresponding 60-joint
evaluation (25–27). A study evaluating a large number of
such scoring systems has demonstrated that both binary
and graded ultrasound-based global joint scoring systems
have at least as good metrologic properties as their respec-
tive counterparts based on clinical examination using the
Outcome Measures in Rheumatology (OMERACT) filter
(28). We have recently published results from an ancillary

ultrasound study to a multicenter, randomized controlled
trial in which GS- and PD-based synovitis scoring sys-
tems demonstrated better reliability than generally used
clinical indices for evaluating synovitis in RA, with PD
also demonstrating at least as good discriminant capacity
as clinical examination for distinguishing between treat-
ment arms (29).

We have performed this ancillary study using data de-
rived from the same multicenter, randomized controlled
trial (29) to answer a different question regarding the in-
corporation of ultrasound-derived data into composite dis-
ease activity indices. To our knowledge, this is the first
study to systematically evaluate multimodal disease activ-
ity indices that combine data derived from both clinical
and ultrasound examination for measuring disease activity
in RA using data from an interventional clinical trial.
Recently, Damjanov et al published a study wherein they
evaluated a composite disease activity index in which the
clinical joint counts were replaced by GS and PD counts
for 28 and 22 joints, respectively (30). Rather than replac-
ing clinical data with ultrasound as seen in this latter
study, our multimodal indices combine clinical and ultra-
sound data. The multimodal indices were based on avail-
able and widely utilized clinical indices for disease activ-
ity: the Disease Activity Score in 28 joints (DAS28) (5)
and the Simplified Disease Activity Index (SDAI) (6). In
the multimodal indices, the 28SJC was either supple-
mented or replaced by joints deemed nonswollen on clin-
ical examination in which the presence of synovitis was
detected either by GS and/or PD. In addition, the classifi-
cation of patients according to disease activity was also
assessed using the various indices.

MATERIALS AND METHODS

The etanercept (ETN) versus disease-modifying antirheu-
matic drugs (DMARDs) multicenter, prospective, random-
ized trial was a 52-week, multicenter, prospective, open-
label, randomized, parallel-group, outpatient study in RA
subjects with moderate disease activity (MDA). Inclusion
and exclusion criteria as well as additional information on
the trial have been reported previously (29). Briefly, in arm
A, patients received once-weekly subcutaneous injections
of 50 mg of ETN while continuing their current dose of
methotrexate (MTX), while in the other, usual care arm,
investigators prescribed DMARDs from a list of the 6 most
commonly prescribed DMARDS in the participating coun-
tries. Subjects were scheduled to participate in the study
for approximately 62 weeks, including a screening period
of up to 6 weeks and an open-label treatment period of
52 weeks. Both clinical and ultrasound evaluations (see
below) were performed on all participating patients at the
screening and baseline visits, as well as at weeks 4, 12, 24,
and 52. Safety was assessed throughout the course of the
study. This study was approved by the appropriate ethical
committees. All patients gave their written informed con-
sent before entering the study.

Ultrasound was an integral but optional part of the trial
from its initial conception. Centers participating in the
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Significance & Innovations
● Multimodal disease activity indices are suitable

instruments for measuring disease activity in pa-
tients with rheumatoid arthritis.

● Incorporating ultrasound data into composite dis-
ease activity indices may influence the classifica-
tion of patients according to disease activity.
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study had the option to participate in a preplanned op-
tional ancillary ultrasonography study if they had access
to any one of the high-end ultrasound machines (see be-
low) as well as to an experienced sonographer, and pos-
sessed the facilities permitting an ultrasound evaluation
totally independent from the clinical examination. In such
centers, ultrasound evaluations were conducted on every
patient included in the main study. The sponsor decided
to terminate the original study, due to inadequate enroll-
ment, before completion of the enrollment of the total
sample size (700 subjects). Few subjects had completed
the 52-week followup at the time of the study termination.
Consequently, the analyses with respect to the ancillary
study were restricted to data collected from screening to
the week 12 visit period for which sufficient data were
available to perform the evaluation.

Patients. MDA was defined by a DAS28 score of �3.2
and �5.1. Subjects with RA were enrolled in approxi-
mately 100 sites over 14 countries in Europe. The intent-
to-treat (ITT) population for the ancillary study included
all randomized subjects participating in the study.

Clinical evaluation. Clinical joint counts were per-
formed by an investigator on the 28 joints included in the
DAS28 (bilateral wrist, metacarpophalangeal joints 1–5,
interphalangeal joint, proximal interphalangeal joints 2–5,
elbow, shoulder, and knee). The investigator performing
the clinical evaluation was unaware of the result of the
ultrasonographic examination throughout the study. Joint

swelling and tenderness were noted for each. The DAS28
and SDAI indices were calculated as shown in Table 1.

Ultrasound evaluation. Sonographers were blinded to
the clinical status (including joint count status) of the
patients throughout the study. Sonographers were not
aware of the results of the clinical and laboratory exami-
nation as well as the drug allocation or regimen of the
patients throughout the study. Ultrasound evaluation was
performed on the same 28 joints assessed clinically. Sys-
tematic multiplanar GS and PD examination was carried
out with commercially available real-time scanners (e.g.,
Esaote MyLab70 XVG, Esaote Technos MPX, General Elec-
tric Logiq 9, etc.) using multifrequency linear transducers
(6–18 MHz). Ultrasonographic scanning techniques, GS
and PD machine settings, and definitions of abnormality
were standardized among the investigators prior to the
study during a 2-day meeting. The ultrasound scanning
method has been described previously (31). Sonographers
were allowed to modify the machine settings (e.g., gain,
pulse repetition frequency, etc.) on their individual ma-
chines to produce the best-quality images, allowing them
to appropriately score each image. Synovitis was defined
according to the published OMERACT definitions (32).
Both GS and PD examinations were recorded for each of
the 28 joints included in the DAS28. For each joint, the
following regions were evaluated bilaterally: dorsal and
volar aspects of the wrist (both longitudinal and transverse
scans of the radiocarpal, ulnar-carpal, and radioulnar
joints); dorsal and volar aspects of metacarpophalangeal

Table 1. Composition of composite disease activity indices*

Composition

DAS28-derived indices
DAS28 clinical 0.56 � �(28TJC) � 0.28 � �(28SJC) � 0.70 � ln(ESR) � 0.014 � GH
DAS28 GS 0.56 � �(28TJC) � 0.28 � �(GS-positive joints) � 0.70 � ln(ESR) � 0.014 � GH
DAS28 PD 0.56 � �(28TJC) � 0.28 � �(PD-positive joints) � 0.70 � ln(ESR) � 0.014 � GH
DAS28 GS and PD 0.56 � �(28TJC) � 0.28 � �(GS- and PD-positive joints) � 0.70 � ln(ESR) � 0.014 � GH
DAS28 � GS 0.56 � �(28TJC) � 0.28 � �(28SJC � nonswollen 28 but GS-positive joints) � 0.70 � ln(ESR)

� 0.014 � GH
DAS28 � PD 0.56 � �(28TJC) � 0.28 � �(28SJC � nonswollen 28 but PD-positive joints) � 0.70 � ln(ESR)

� 0.014 � GH
DAS28 � GS/PD 0.56 � �(28TJC) � 0.28 � �(28SJC � nonswollen 28 GS- and/or PD-positive joints) � 0.70

� ln(ESR) � 0.014 � GH
SDAI-derived indices

SDAI clinical 28TJC � 28SJC � PGA (0–10-cm VAS) � MDGA (0–10-cm VAS) � CRP
SDAI GS 28TJC � 28 (GS-positive joints) � PGA (0–10-cm VAS) � MDGA (0–10-cm VAS) � CRP
SDAI PD 28TJC � 28 (PD-positive joints) � PGA (0–10-cm VAS) � MDGA (0–10-cm VAS) � CRP
SDAI GS and PD 28TJC � 28 (GS- and PD-positive joints) � PGA (0–10-cm VAS) � MDGA (0–10-cm VAS) � CRP
SDAI � GS 28TJC � 28 (28SJC � nonswollen GS-positive joints) � PGA (0–10-cm VAS) � MDGA

(0–10-cm VAS) � CRP
SDAI � PD 28TJC � 28 (28SJC � nonswollen PD-positive joints) � PGA (0–10-cm VAS) � MDGA

(0–10-cm VAS) � CRP
SDAI � GS/PD 28TJC � 28 (28SJC � nonswollen GS- and/or PD-positive joints) � PGA (0–10-cm VAS) � MDGA

(0–10-cm VAS) � CRP

* DAS28 � Disease Activity Score in 28 joints; 28TJC � 28 tender joint count; 28SJC � 28 swollen joint count; ESR � erythrocyte sedimentation rate;
GH � patient general health; GS � gray-scale; PD � power Doppler; SDAI � Simplified Disease Activity Index; PGA � patient global assessment;
VAS � visual analog scale; MDGA � physician global assessment; CRP � C-reactive protein.
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joints 1–5 (both longitudinal and transverse scans); dorsal
and volar aspects of the interphalangeal joint (both longi-
tudinal and transverse scans); dorsal and volar aspects of
proximal interphalangeal joints 2–5 (both longitudinal and
transverse scans); anterior aspect (longitudinal humero-
radial, longitudinal humeroulnar, and anterior transverse
scans) and posterior aspect of the elbow (both longitudinal
and transverse scans); anterior aspect (biceps tendon
sheath longitudinal and transverse scans), posterior aspect
(transverse glenohumeral scan), and axillar aspect of the
shoulder (longitudinal scan of the axillar recess); and an-
terior aspect of the knee (longitudinal and transverse
scan of the suprapatellar recess). Joints demonstrating
the presence of synovial thickening in GS were included
in the GS synovitis joint count. Small joints in which
the PD signal representing 1 or 2 vessels or more (includ-
ing 1 confluent vessel) and large joints in which the PD
signal representing 2 or 3 signals or more (including 2 con-
fluent vessels) were demonstrated were included in the PD
synovitis joint count.

Composite indices. A total of 14 different composite
disease activity indices (Table 1) were evaluated, in-
cluding the classic composite indices DAS28 and SDAI
and multimodal indices based on clinical and GS and PD
ultrasound–derived data, and calculated according to
either the DAS28 or SDAI indices. In the first group of
multimodal indices, the SJC was either replaced by the
GS synovitis joint count or the PD synovitis joint
count (DAS28 GS, DAS28 PD, SDAI GS, SDAI PD), or
replaced by joints with a grade of �1 for both GS and
PD (DAS28 GS and PD, SDAI GS and PD). In the second
group, the SJC was supplemented also by those joints
deemed nonswollen on clinical examination with a
grade of �1 for GS and PD evaluation independently
(DAS28 � GS, DAS28 � PD, SDAI � GS, SDAI � PD), or
supplemented also by those joints deemed nonswollen
on clinical examination with a grade of �1 for either GS or
PD evaluation independently (DAS28 � GS/PD, SDAI �
GS/PD).

Statistical analysis. Intraobserver reliability of each
scoring system was calculated using screening and base-
line visits on stable subjects. A difference of �10 on a
0–100 visual analog scale of the patient’s and physician’s
global assessments of disease activity between the 2 con-
secutive visits was adopted as a definition for stable sub-
jects. Intraobserver reliability was analyzed by the intra-
class correlation coefficient (ICC) and its 2-sided 95%
confidence interval (95% CI).

External validity, defined as the degree of association
between the C-reactive protein (CRP) level and the various
disease activity indices, was assessed at the screening visit
using Pearson’s correlation coefficient. The 2-sided 95%
CI of this correlation coefficient is also provided using
Fisher’s z transformation.

The primary purpose of the study was to compare the
discriminant capacity between the multimodal disease ac-
tivity indices and their clinical counterparts, and not to

check whether there was a statistically significant differ-
ence (e.g., a P value less than 0.05) between the treatment
groups. Therefore, to calculate the discriminant capacity
of the disease activity indices, the ETN � MTX and the
conventional DMARD groups were evaluated separately
using the baseline and week 12 visits, and the difference in
standardized response mean (SRM) and its 2-sided 95% CI
was calculated using the bootstrap resampling methodol-
ogy. The SRM is calculated by dividing the mean change
by the SD of the change score.

To classify the disease activity of patients using the
DAS28-derived multimodal disease activity indices, the
following cutoffs were employed using the original, SJC-
based DAS28: low disease activity (LDA) � DAS28 �3.2,
MDA � DAS28 �3.2 and �5.1, and high disease activity
(HDA) � DAS28 �5.1. To classify the disease activity of
patients using the SDAI-derived multimodal disease activ-
ity indices, the following cutoffs were employed using the
original, SJC-based SDAI: LDA � SDAI �20, MDA � SDAI
�20 and �40, and HDA � SDAI �40. All statistical ana-
lyses were performed using SAS, release 9.2.

RESULTS

In 18 centers located in 9 European countries, 66 patients
were randomized in the ETN versus DMARDs multicenter,
prospective trial before the trial was terminated by the
sponsor due to inadequate enrollment. Sixty-two patients
were included in the modified ITT population, with 30
patients receiving various DMARDs and 32 receiving
ETN � MTX. One patient had a DAS28 score �3.2, while
another had a score �5.1, at screening. Patient character-
istics for the modified ITT population at screening are
shown in Table 2.

Reliability. Intraobserver reliability of the composite
synovitis scoring systems is shown in Table 3. Intra-
observer reliability was assessed using screening and
baseline values from 21 patients whose disease was con-

Table 2. Patient characteristics at screening*

Value

Age, mean � SD years 53.8 � 13.2
Female sex, no. (%) 50 (80.6)
Disease duration, median (IQR) years 6.5 (11)
RF positivity (IU/ml), no. (%) 62 (100)
ACPA positivity (IU/ml), no. (%) 59 (95.1)
DAS28 (at baseline), mean � SD 4.6 � 0.5
SDAI (at baseline), mean � SD 20.9 � 5.9
HAQ DI score (at baseline), median (IQR) 1.35 (0.57)
ESR (at screening), median (IQR) mm/hour 28 (21)
CRP level (at screening), median (IQR) mg/liter 13.2 (12.4)

* IQR � interquartile range; RF � rheumatoid factor; ACPA �
anti–citrullinated protein antibody; DAS28 � Disease Activity
Score in 28 joints; SDAI � Simplified Disease Activity Index;
HAQ � Health Assessment Questionnaire; DI � disability index;
ESR � erythrocyte sedimentation rate; CRP � C-reactive protein.
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sidered stable according to the definition described in the
Methods. Reliability was found to be better for multimodal
disease activity indices than for the composite indices
based only on data from clinical evaluation of synovitis
in stable subjects between the baseline and screening vis-
its. Intraobserver reliability was ICC 0.71 (95% CI 0.65–
0.75) for the multimodal DAS28-derived indices and
ICC 0.52 for the clinical DAS28. Intraobserver reliability
was ICC 0.88 (95% CI 0.86–0.90) for the multimodal
SDAI-derived indices and ICC 0.77 for the clinical SDAI
(Table 3).

External validity. External validity was evaluated based
on the level of correlation existing between each index and
the CRP level at screening. Overall correlation was weak
among all scoring systems; however, GS- and PD-based
composite scoring systems performed at least as well as
their respective clinical counterparts.

External validity with respect to correlation with
CRP level was 0.24 (95% CI 0.22–0.26) for the multi-
modal DAS28-derived indices and 0.21 for the clinical
DAS28. Corresponding measures for the SDAI indices
were 0.41 (95% CI 0.32–0.44) and 0.41, respectively
(Table 3).

Discriminant capacity. Discriminant capacity was eval-
uated on the capacity of the changes in the different
scoring systems to discriminate groups of patients (ETN
versus usual care) between the baseline and week 12 vis-
its. Discriminant capacity was SRM 0.79 (95% CI 0.70–

0.88) for the multimodal DAS28-derived indices and
SRM 0.87 for the clinical DAS28. Discriminant capacity
was SRM 0.9 (95% CI 0.52–1.17) for the multimodal
SDAI-derived indices and SRM 1.11 for the clinical SDAI
(Table 3).

Although the objective of the substudy was not to com-
pare discriminant capacity between the treatment groups
(ETN versus usual care), it should be noted that the ma-
jority of indices, i.e., those with a 95% CI lowest limit
above 0 (Table 3), were capable of demonstrating a statis-
tically significant intergroup difference.

Classification of patients. There was no difference be-
tween the classic DAS28 and multimodal DAS28 indices
in which the SJC was replaced by GS synovitis joint
count or PD synovitis joint count (Figure 1) with regard
to the classification of patients according to disease ac-
tivity at screening. A decrease of 10% in the number of
patients with MDA was revealed when using multimodal
SDAI indices in which the SJC was replaced by PD
synovitis joint count and GS synovitis joint count or PD
synovitis joint count; these patients were reclassified as
having LDA. However, indices in which the SJC was
supplemented also by joints in which synovitis was de-
tected by either GS, PD, or GS or PD ultrasound led to
marked changes in classification, revealing increases in
the number of patients classified as having HDA ranging
from 45–67.8% and 13–32.3% (DAS28-derived and SDAI-
derived indices, respectively) (Figure 1).

Table 3. Psychometric properties of composite disease activity indices*

Intraobserver
reliability,

ICC (95% CI)

External validity,
correlation with

CRP level (95% CI)

Discriminant
capacity,

SRM (95% CI)

DAS28 clinical 0.52 (0.13, 0.77) 0.21 (�0.05, 0.44) 0.87 (0.28, 1.50)†
DAS28 GS‡ 0.65 (0.31, 0.84) 0.24 (�0.02, 0.46) 0.85 (0.28, 1.45)†
DAS28 PD§ 0.69 (0.38, 0.86) 0.23 (�0.02, 0.46) 0.80 (0.21, 1.43)†
DAS28 GS and PD¶ 0.69 (0.38, 0.86) 0.24 (�0.02, 0.46) 0.79 (0.20, 1.43)†
DAS28 � GS# 0.74 (0.47, 0.89) 0.26 (0.00, 0.48) 0.70 (0.15, 1.44)†
DAS28 � PD** 0.72 (0.43, 0.88) 0.22 (�0.04, 0.45) 0.88 (0.33, 1.61)†
DAS28 � GS/PD†† 0.75 (0.49, 0.89) 0.25 (�0.01, 0.47) 0.72 (0.15, 1.44)†
SDAI clinical 0.77 (0.51, 0.90) 0.41 (0.18, 0.61) 1.11 (0.25, 28.73)†
SDAI GS‡ 0.87 (0.70, 0.94) 0.44 (0.20, 0.62) 1.09 (0.21, 51.16)†
SDAI PD§ 0.89 (0.74, 0.95) 0.43 (0.20, 0.62) 1.17 (0.27, 74.24)†
SDAI GS and PD¶ 0.89 (0.74, 0.95) 0.43 (0.20, 0.62) 1.17 (0.27, 74.24)†
SDAI � GS# 0.87 (0.70, 0.94) 0.42 (0.18, 0.61) 0.61 (�0.77, 3.43)
SDAI � PD** 0.86 (0.69, 0.94) 0.32 (0.06, 0.53) 0.52 (�0.51, 1.88)
SDAI � GS/PD†† 0.90 (0.77, 0.96) 0.40 (0.16, 0.60) 0.84 (�0.24, 3.86)

* ICC � intraclass correlation coefficient; 95% CI � 95% confidence interval; CRP � C-reactive protein;
SRM � standardized response mean; DAS28 � Disease Activity Score in 28 joints; GS � gray-scale; PD �
power Doppler; SDAI � Simplified Disease Activity Index.
† Statistically significant intergroup difference.
‡ Clinical swollen joint count (SJC) replaced by swollen joints that also show signs of synovitis on GS.
§ Clinical SJC replaced by swollen joints that also show signs of synovitis on PD.
¶ Clinical SJC replaced by swollen joints that also show signs of synovitis either on GS and/or PD.
# Clinical SJC supplemented by nonswollen joints showing signs of synovitis on GS.
** Clinical SJC supplemented by nonswollen joints showing signs of synovitis on PD.
†† Clinical SJC supplemented by nonswollen joints showing signs of synovitis either on GS and/or PD.
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DISCUSSION

The aim of this ancillary study was to evaluate the metro-
logic properties of composite disease activity indices using
data derived from different evaluation modalities (clinical,
GS, and PD) and assessed by a binary method for measur-
ing synovitis in RA, and to assess the differences in clas-
sification when using these indices. Multimodal disease
activity indices that combine data derived from both clin-
ical and ultrasound examinations demonstrated better re-
liability as compared to their counterparts based solely on
clinical examination.

Several studies have investigated the use of ultrasound
in detecting and evaluating subclinical disease (33–37).
Sonography detected synovitis as a surrogate of sub-
clinical disease activity in almost two-thirds of patients
with early, untreated oligoarthritis, whereas one-third
of patients could be reclassified as having polyarticular
disease (33).

The fact that no difference (DAS28 indices) or minimal
difference (SDAI indices) could be observed in the distri-
bution of patients according to disease activity when using
multimodal indices in which the SJC was replaced by GS
synovitis joint count or PD synovitis joint count (Figure 1)

Figure 1. Classification of disease activity at screening using composite disease activity
indices. DAS28 � Disease Activity Score in 28 joints; GS � gray-scale; PD � power Doppler;
SDAI � Simplified Disease Activity Index.
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might initially suggest that ultrasound confirms synovitis
as assessed by GS or PD in the same joints that were
deemed swollen on clinical examination. However, utili-
zation of multimodal indices in which the SJC was sup-
plemented also by joints in which synovitis was detected
by either GS or PD ultrasound would have allowed an
additional 67.8% and 32.3% of patients (DAS28-derived
and SDAI-derived indices, respectively) to be classified as
having HDA at the screening visit. Taken together, these 2
findings suggest a discrepancy between clinical and ultra-
sound examinations, in accordance with results from sev-
eral studies (33–35). Supplementation of the SJC of the
SDAI with ultrasound data increased disease activity;
however, this increase was smaller in magnitude as com-
pared to that seen with DAS28 indices. In addition, replac-
ing the SJC with PD synovitis joint count or joints that
were positive for both GS and PD in the SDAI led to a small
decrease in disease activity, which was not seen with
DAS28-derived indices. This is in line with studies show-
ing evidence that the SDAI is a more stringent measure of
remission because it allows for the least abnormalities of
variables (38–40). These observations are also supported
by a recent article by Balsa et al, who demonstrated that
remission as classified by the SDAI is closer to the concept
of an absence of inflammatory activity, when the absence
of a positive PD signal is considered as a gold standard
(41). In addition, the study by Saleem et al (42) showed
that a larger percentage of patients in SDAI remission were
in “imaging remission,” as defined by the absence of GS
synovitis and PD signal as compared to patients in DAS28
remission.

Whether the SDAI is “better” than the DAS28 cannot be
fully answered based on the data from our study. Results
from our study did, however, demonstrate higher overall
metrologic properties for SDAI indices as compared to
DAS28 indices. In particular, discriminative capacity was
variable between the various indices, with SDAI indices
in which the SJC was replaced by ultrasound-derived data
outperforming those indices in which the SJC was supple-
mented. However, our study did not demonstrate any dif-
ference with respect to metrologic properties among the
multimodal indices that would clearly designate any indi-
vidual scoring system as being superior to its counterparts.

Our study has not revealed any advantages that would
allow us to suggest the superiority of either GS or PD
with regard to inclusion into composite indices. However,
the reclassification data, specifically the DAS28 � GS
and DAS28 � PD indices as well as the respective SDAI
indices, show that a larger number of joints had GS signs
of synovitis as compared to those that were positive for
PD signal. When comparing classification according to
DAS28 � GS/PD and SDAI � GS/PD with that of DAS28 �
GS and DAS28 � PD, it becomes apparent that by supple-
menting a joint count that already includes both clinically
swollen and GS-positive joints with joints that are positive
for PD, there is only a very minor shift in disease activity.

The number of additional patients classified as having
HDA with multimodal indices naturally decreased along
with the progression of the study (to 11.3% and 3.2% by
week 12) (data not shown).

Our study has several limitations. Early termination of
the study meant that we could include a relatively small
number of patients and were limited to perform analyses
only of the baseline to 12-week period. In order to cal-
culate intraobserver reliability, examinations had to be
performed at 2 different time points, between which the
disease activity, i.e., synovitis of the patients, could be
reasonably expected to remain unchanged. We therefore
chose the baseline and screening visits, during which no
changes occurred in the patient’s therapeutic regimen. We
adopted a difference of �10 on a 0–100 visual analog scale
of the patient’s and physician’s global assessments of dis-
ease activity as a proxy measure for stability. We are aware
of the fact that although patient’s and physician’s global
assessments of disease activity do not “guarantee” stable
synovitis, they can nonetheless be considered a close in-
dicator of stability based on the view of both the physician
and the patient.

Patient’s and physician’s global assessments are compo-
nents of the SDAI and the patient global assessment is a
component of the DAS28; therefore, by limiting our assess-
ment to patients in which these 2 measures remained
relatively stable, we may have artificially reduced the
variability of reliability. However, this would pose an
overall effect and would still allow the comparison be-
tween multimodal and clinical indices. Despite the higher
sensitivity of ultrasound for the detection of subclinical
synovitis (33–35), multimodal indices showed better reli-
ability than clinical indices. In our study, such indices
failed to demonstrate superior discriminant capacity as
compared to their clinical counterparts; however, since
the responsiveness to change of a health status measure-
ment instrument is closely related to its reliability (43), our
data might suggest that multimodal indices, and indeed
global synovitis scores based on ultrasound (28,29), which
have been shown to be more reliable than their clinical
counterparts, may potentially also be more responsive
measures than clinical indices.

Feasibility data were not evaluated because we had in-
formation only on the time required to perform the 42-joint
evaluation. In the present study, reliability was found to be
higher for ultrasound, whereas discriminant capacities
were similar for the techniques; this apparent discrepancy
is explainable by the higher mean change observed in
synovitis counts using ultrasound, as compared to the
mean change observed clinically (data not shown). The
capability of ultrasound to detect subclinical synovitis led
to higher synovitis counts, but also to higher mean changes
that, however, were similarly higher in both treatment
groups (ETN versus usual care), which explains why the
SRM values for the discriminant capacity of multimodal
indices were similar to those for the clinical indices.

Our goal within this study was not to exchange clinical
examination with ultrasound examination (30), but to
combine the best of 2 diagnostic modalities, i.e., clinical
examination and ultrasound. In this first systematic eval-
uation of multimodal disease activity indices combining
both clinical and ultrasound data, such indices demon-
strated better reliability as compared to their clinical
counterparts and allowed for a significantly larger number
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of patients to be reclassified to either HDA or MDA at the
screening visit, therefore influencing eligibility for bio-
logic therapy. What the actual impact and relevance of
such changes in classification denote needs to be investi-
gated and determined in further studies. A recent study
comparing 9 conventional disease activity indices and the
new American College of Rheumatology/European League
Against Rheumatism remission criteria found no major
differences among the evaluated indices in relation to
physical functioning and radiographic progression as out-
comes, despite marked differences in classification be-
tween the indices (40).

The improved sensitivity of novel imaging techniques
has led to the notion of incorporating imaging into re-
mission criteria for RA (42). As suggested by our study,
incorporating imaging into measures of disease activity
may improve the reliability of such systems and have
marked effects on the classification of patients. This, how-
ever, required further evaluation and validation of multi-
modal disease activity indices in other studies.
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