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Minimal Clinically Important Improvement of Routine
Assessment of Patient Index Data 3 in Rheumatoid
Arthritis
Michael M. Ward, Isabel Castrejon, Martin J. Bergman, Maria I. Alba, Lori C. Guthrie, 
and Theodore Pincus

ABSTRACT. Objective. To estimate minimal clinically important improvement (MCII) of RAPID-3 (Routine
Assessment of Patient Index Data 3) in rheumatoid arthritis (RA). 
Methods. RAPID-3 was computed before and after treatment escalation in a prospective study 
of adults with active RA. Patient judgment of improvement was used as the standard for a
receiver-operating characteristic curve, from which MCII was estimated. 
Results.Mean RAPID-3 improved from 16.3 to 11.1 between visits. MCII was –3.8 based on simul-
taneously optimized sensitivity and specificity, –3.5 using the 0.80 specificity criterion, and –4.1 using
the Youden index. 
Conclusion. RAPID-3 improvement of 3.8/30 units appears clinically meaningful. (J Rheumatol First
Release October 15 2018; doi:10.3899/jrheum.180153) 
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Rheumatoid arthritis (RA) is assessed using pooled indices
based on the 7-item RA core set1. The 28-joint count Disease
Activity Score (DAS28)2 and the Simplified Disease Activity
Index (SDAI)3 are important indices used in almost all recent
clinical trials and many observational studies. However, these
indices often are not used by US rheumatologists to monitor
patient status quantitatively in routine care, because they
require a formal joint count and laboratory tests4. 
    RAPID-3 (Routine Assessment of Patient Index Data 3)
is an index that includes only the 3 patient-reported measures
from the RA core set — physical function, pain, and patient’s
global assessment (PtGA). RAPID-3 was developed initially
for feasibility in routine care, because the patient provides
the data while in the waiting area5. RAPID-3 is highly corre-
lated with the DAS28 and the Clinical Disease Activity
Index6, and it is similar to those indices in its capacity to

distinguish active from control treatment in clinical trials6.
RAPID-3 is more likely than an erythrocyte sedimentation
rate (ESR) to demonstrate incomplete responses to
methotrexate7. Further, patient self-report questionnaires
have higher reproducibility than physician-performed joint
counts8.
    Results of clinical trials using any index are interpreted
primarily according to statistical significance of treatment
differences. A further criterion involves the clinical impor-
tance of these changes, according to thresholds for minimal
clinically important improvement (MCII), to recognize
whether the change is clinically meaningful to patients9,10.
Estimates of the MCII of RAPID-3 have not been reported,
but are of interest to aid in the interpretation of changes in
the RAPID-3 with treatment11. We used data from a previous
longitudinal observational study to estimate the MCII of
RAPID-3. 

MATERIALS AND METHODS
Clinical study. Adults with active RA were enrolled in a prospective study
with the goal of determining clinically important changes in RA activity
measures9. Active RA was defined as the presence of 6 or more tender joints,
and assessment by the treating rheumatologist that RA was active and
escalation of antirheumatic treatment was indicated. The study measured
changes in RA activity before and after treatment escalation. Patients 
were enrolled who were being prescribed either prednisone, a new
disease-modifying medication, or a new biological, or had an increase in
dose of a current medication at the baseline study visit. The choice of
medication was left to the participant’s rheumatologist. The study protocol
was approved by the US National Institute of Diabetes and Digestive and
Kidney Diseases/National Institute of Arthritis and Musculoskeletal and Skin
Disease institutional review board (03-AR-0133). All participants provided
written informed consent.
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Measurements. Participants were evaluated at 2 visits: baseline and either 1
month (prednisone-treated patients) or 4 months (all others) later. The timing
of the second visit was earlier for the prednisone group because their
responses were anticipated to occur sooner. The same assessments were
performed at both visits. Physical function was measured using the Health
Assessment Questionnaire Disability Index (HAQ-DI)12 as a 0–3 score
(higher scores indicate more limitations in physical function). Pain severity
was rated on a 0–100 visual analog scale (VAS), with anchors of no pain
and severe pain. PtGA was also recorded on a 0–100 VAS, with anchors of
very well and very poor. The HAQ-DI, pain score, and PtGA were each
rescaled to 0–10 and summed to provide the RAPID-3 (possible range
0–30)11. 
     At the second visit, participants also completed an independent transition
question on whether they judged their arthritis overall to be improved,
unchanged, or worsened since the baseline visit13,14. This judgment was used
as the standard against which changes in the RAPID-3 were compared.
Participants further rated the importance of any improvement on a 7-point
scale ranging from “almost none, hardly important at all” to “extremely
important.” Further details concerning participants and measurements are
found in the previous report9.
Statistical analysis. The capacity of RAPID-3 and its component measures
to identify changes in RA activity was studied by examining associations of
changes in these measures with levels of patient-reported improvement.
Sensitivity to change is a prerequisite for determining the MCII to avoid
labeling small changes of insensitive measures as meaningful. Sensitivity to
change was assessed using standardized response means (SRM), computed
as the mean change divided by the SD of the change. We considered an
absolute SRM of 0.50 or greater (–0.50 or smaller for improvements) to
indicate good sensitivity to change. We used 2000 bootstrapped samples to
compute CI for the SRM9. 
     The MCII for RAPID-3 was determined using a receiver-operating
characteristic (ROC) curve, with the participant’s subjective judgment of
improvement (improved vs stayed the same or worsened) as the standard.
Three alternate criteria were used to determine the MCII: the change in
RAPID-3 that corresponded to a specificity for improvement of 0.80, the
Youden index, and the minimal distance of the upper left corner of the ROC
plot (which maximized sensitivity and specificity simultaneously). We
computed CI for these estimates based on 2000 bootstrapped samples9. The
area under the ROC curve (AUC) for RAPID-3 was used to assess the
discrimination of this measure. SAS programs, version 9.3 (SAS Institute),
were used for analyses.
    
RESULTS
The 250 participants who completed both study visits
included 195 women (78%), and had a mean (SD) age of 51.0
(13.7) years and a median duration of RA of 6.4 years.
Twenty-four percent had RA for < 2 years. Participants had
active RA at baseline, with a mean RAPID-3 of 16.3 (6.3),

mean DAS28-ESR of 6.16 (1.2), and mean SDAI of 38.6
(14.8). 
    RAPID-3 and each of its components improved substan-
tially during the study (Table 1). The SRM indicated that the
RAPID-3 had good sensitivity to change. There was a graded
change in the RAPID-3 across categories of patient-reported
improvement, indicating construct validity. Among the 167
patients who reported improvement in their overall arthritis
status at the followup visit, 92% rated their improvement as at
least moderately important (fourth of 7 levels of importance). 
    RAPID-3 demonstrated excellent discrimination, with an
AUC of 0.80 (95% CI 0.74–0.86; Figure 1). The MCII for
the RAPID-3 was –3.8 for the estimate that simultaneously
optimized sensitivity and specificity (Table 2). The MCII
estimate was –3.5 using the 0.80 specificity criterion, and 
–4.1 using the Youden index criterion. 

DISCUSSION 
In our study, the MCII for RAPID-3 among patients with
active RA was –3.8, based on the conventionally used
method that simultaneously optimized sensitivity and speci-
ficity. The MCII estimate was slightly higher if based on the
Youden index, and slightly lower if based on a set sensitivity
of 0.80. Discrimination of improvement by RAPID-3 was
similar to that of the DAS28-ESR (0.77) and SDAI (0.78)9.
The MCII estimates were similar to the threshold of –3.6
proposed as part of the definition of a “good” RAPID-3
response15.  
    Patients in our study appeared typical of patients with
active RA in other trials8. Most patients had substantial
responses to treatment escalation, and the sensitivity to
change of clinical measures was similar to previous
reports16,17. Importantly, the variation needed to identify
MCII was seen, because 33%–39% did not judge themselves
as improved8. Improvements were rated as highly important
by most patients who reported improvement. Because the
MCII is dependent on the baseline level of activity, it is
appropriate to apply these estimates only to groups of patients
with similarly high levels of RA activity18. MCII for
improvement are less relevant for patients with low RA
activity, because they are closer to an acceptable symptom
state. The margin for symptom improvement becomes
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Table 1. Changes in RAPID-3 and its component measures during the study.

Measure (possible          Baseline*            Followup*         Mean Change*             SRM (95% CI)                         Mean Change by Subjective                p
range)                                                                                                                                     Improvement in Overall Arthritis Status  (ANOVA)
                                                                                                                                                                         Improved,       Stayed the   Worsened, 
                                                                                                                                                                           n = 167        Same, n = 59     n = 24              

RAPID-3 (0–30)            16.3 ± 6.3            11.1 ± 6.7              –5.2 ± 6.5            –0.79 (–0.71 to –0.88)              –7.2                 –2.0               1.0          < 0.0001
PtGA (0–10)                    5.5 ± 2.5              3.7 ± 2.4               –1.8 ± 2.6            –0.68 (–0.60 to –0.77)              –2.5                 –0.7               0.3          < 0.0001
Pain (0–10)                     6.0 ± 2.5              4.0 ± 2.7               –2.1 ± 3.0            –0.69 (–0.61 to –0.78)              –3.0                 –0.8               0.2          < 0.0001
HAQ-DI (0–10)†                 4.7 ± 2.4              3.3 ± 2.5               –1.3 ± 2.0            –0.65 (–0.58 to –0.72)              –2.1                 –0.3               0.2          < 0.0001

* Mean ± SD. † Transformed from the original 0–3 scale.  RAPID-3: Routine Assessment of Patient Index Data 3; SRM: standardized response mean; HAQ-DI:
Health Assessment Questionnaire–Disability Index; PtGA: patient’s global assessment.
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smaller and ultimately indiscernible as the level of activity
decreases.  
    Several limitations are present in our current study. First,
improvement was judged by the patient, and patient
self-report measures tend to be more correlated with one
another than with physical examination measures19.
However, it may be argued that patient judgment is the only
valid judgment for this purpose, because they are the persons
experiencing the change. We also did not study differences
with the timing of the second assessment, although previous
studies suggest that MCII is not related to the assessment
interval. Third, we did not study worsening or estimate the
minimal clinically important difference. An equivalent
increase of the RAPID-3 should not be taken as an estimate

of important worsening, as MCII for improvement and
worsening are asymmetric10. Fourth, all RA indices function
effectively as indicators of inflammatory activity in clinical
trials, but also may be influenced by joint damage and patient
distress. Fifth, the results are applicable only to RA, although
RAPID-3 has been found informative in many rheumatic
diseases20. Sixth, the cohort was moderate in size, and MCII
should be tested in other cohorts. 
    Nonetheless, the findings provide new information on the
interpretation of changes in RAPID-3 at the group level.
Clinicians may feel comfortable documenting and moni -
toring patient status, recognizing an improvement of 3.8 units
in patients with active RA to be meaningful in routine patient
care.  
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Figure 1. Receiver-operating characteristic curve for the RAPID-3. The dotted lines represent
95% confidence limits around the curve. The diagonal is the line of equivalence. RAPID-3:
Routine Assessment of Patient Index Data 3.

Table 2. Minimal clinically important improvement (MCII) estimates for RAPID-3, using either the minimal distance to 0.1 on the receiver-operating charac-
teristic curve (which maximizes specificity and sensitivity simultaneously), a set specificity of 0.80, or the Youden index as the criterion, and the subjective
change in global arthritis status as the standard.  Values are based on the mean of 2000 bootstrapped samples.

Criterion                                                      MCII (95% CI)                      Sensitivity (95% CI)                     Specificity (95% CI)            % Misclassified 

Minimal distance to 0.1                            –3.8 (–3.1 to –4.4)                       0.71 (0.66–0.77)                            0.84 (0.79–0.90)                         24.9
Specificity 0.80                                         –3.5 (–2.9 to –4.3)                       0.71 (0.65–0.78)                            0.80 (0.78–0.82)                         25.3
Youden index                                            –4.1 (–3.6 to –4.6)                       0.69 (0.63–0.76)                            0.87 (0.81–0.94)                         24.9

RAPID-3: Routine Assessment of Patient Index Data 3. 
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