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Abstract The Routine Assessment of Patient Index Data 3
(RAPID3) is a patient-reported disease activity measure used
to assess physical function, pain, and global health in patients
with rheumatoid arthritis (RA) without formal joint counts.
Since hand involvement and its decreased function are hall-
marks of RA, the aim of our study was to investigate the
performance of RAPID3 scores with regard to hand function
and to confirm previous findings that the RAPID3 score as a
disease activity measure is strongly correlated with the
DAS28 score. Sixty-eight consecutive patients with RA
(85% female), aged 18–75 years, were included in the study
and were recruited during their outpatient visit. Apart from
demographic and clinical data, the obtained parameters of
interest included RAPID3 scores and assessments of the func-
tion of the hand, namely, the signal of functional impairment
(SOFI)-hand, grip strength, and pulp-to-palm distance, as well
the Health Assessment Questionnaire- Disability Index
(HAQ-DI) and DAS28 scores. Pearson’s correlation coeffi-
cient, Student’s t test and linear regression were used in the
statistical analysis of the results. The significance was set to
p < 0.05. A positive correlation was found between RAPID3

scores and HAQ-DI scores, SOFI-hand scores, and pulp-to-
palm distance, and negative correlation was observed between
RAPID3 scores and grip strength. The order regarding the
strength of correlations between RAPID3 scores and other
variables (from the strongest to the weakest) was as follows:
HAQ-DI, grip strength, SOFI-hand and pulp-to-palm dis-
tance. The hand assessment variables had stronger correla-
tions with RAPID3 scores than with DAS28 scores. Our pre-
liminary study showed that RAPID3 scores were strongly
correlated with measurements of the functional ability of the
hand, demonstrating that RAPID3 can be used as a measure of
disease activity in clinical practice and to characterize hand
function. Further studies are needed to confirm this result.
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Introduction

Rheumatoid arthritis (RA) is a lifelong, inflammatory rheu-
matic disease, characterized by chronic synovial inflammation
and joint damage [1]. Pain, swelling, stiffness, and other signs
and symptoms of RA occurring alongside structural damage
and joint deformities result in reduced grip force and de-
creased range of motion and eventual functional impairment
[2, 3]. Disease activity is the essential parameter that needs to
be measured in patients with RA because it is a major driver of
structural damage and disability [4]. The Routine Assessment
of Patient Index Data 3 (RAPID3) is a patient-reported disease
activity measure that assesses physical functioning, pain, and
global health but without formal joint counts. It is a relatively
novel simple index that has been developed to assess and
monitor patients with RA in routine practice. It was shown
to have reasonable similarity to other more frequently used
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measurements of disease activity such as the Disease Activity
Score-28 (DAS28) and the Clinical Disease Activity Index
(CDAI) [5, 6]. Hand function has the most impact on overall
disability in patients with RA [7]. We sought to analyze cor-
relations between RAPID3 scores and hand function tests
since the physical function part of the assessment incorporates
7 out of 13 questions, tasks for which hand use is needed.
Therefore, it is important to know how RAPID3 scores, which
are used in clinical practice, correlate with hand function. The
aim of this cross-sectional study was to investigate the asso-
ciation of RAPID3 scores with hand functional ability as mea-
sured with different hand-specific assessment tools, and to
confirm previous findings that RAPID3, as a disease activity
measure has a strong correlation with DAS28.

Method

Patients and data collection

Between September 2013 and July 2014, 68 consecutive RA
patients from the Outpatient Department of Rheumatology
Clinic of the University Centre of Kosova were enrolled in
the study. All of the patients were diagnosed according to the
American College of Rheumatology/European League
Against Rheumatism (ACR/EULAR) 2010 criteria [8]. The
additional inclusion criteria were 18 to 75 years of age, a
diagnosis that had been established for at least 6 months,
and no changes to therapy (DMARDs, glucocorticoidsand
NSAIDs) in the preceding 3 months. The exclusion criteria
were previous hand surgical interventions, present or previous
fractures of the hand, patients who attended physical therapy
within the last month, diagnosis with a neurologic disease,
severe renal or hepatic failure, severe heart failure (NYHA
III or IV), malignant disease with the exception of non-
melanoma skin cancer, severe psychiatric disorders, psoriasis
or other skin defects of the hand that could compromise hand
function, and a congenital physical malformation of the hand.
The pharmacological therapy consisted of non-steroidal anti-
inflammatory drugs (NSAIDs), disease-modifying anti-rheu-
matic drugs (DMARDs), and low-dose corticosteroids (on
average ≤ 7.5 mg of prednisolone). None of the patients were
treated with biological drugs. The study was approved by the
Ethics Committee of the University Clinical Centre of Kosova
and was conducted in accordance with the principles of the
Helsinki Declaration. Prior to data collection, each patient was
informed about the purpose of this research, an explanation of
the protocol of the study was provided, and the patients pro-
vided informed consent. The data were obtained on the same
day with a structured questionnaire that assessed demographic
and clinical data. During the data collections, grip function
was obtained by a different investigator blinded to DAS28.

Disease activity.

We measured disease activity by RAPID3 scores, a patient-
reported outcome that consists of three sections: physical
function, level of pain and patient global estimate of disease.
The scores of each section are summed, and the sum (range 0–
30) is recorded on the right side at the bottom of the page.
More details of the RAPID3 scores, including the scoring, are
explained elsewhere [5]. We also performed the DAS28 as-
sessment, a widely-known composite measure of disease ac-
tivity that includes the number of tender joints and the number
of swollen joints, general health assessed by the patient, and
ESR or CRP evaluated with a complex formula [9]. In this
study, we used a version of DAS28 with ESR.

Hand function.

Grip strength was evaluated with the hydraulic hand dyna-
mometer, (North Coast Medical, Inc., Morgan Hill, CA,
USA) [10]. The subjects were positioned and evaluated ac-
cording to the recommendations of the American Society of
Hand Therapists as explained elsewhere [11]. The outcome
values were recorded in kilograms.

A signal of functional impairment (SOFI) was used to as-
sess hand function. It is a performance test consisting of hand,
upper limb and leg function evaluations. In our study, we used
the SOFI-hand section of the assessment. The overall score
ranges 0 to16, where a low score indicates full function [12].
Total finger flexion was assessed by measuring pulp-to-palm
distance according to the American Society for Surgery of the
Hand [13]. The average distances for the right and left hands
were recorded in centimeters.

Functional disability.

Overall functional disability was measured with a self-
assessed Health Assessment Questionnaire-Disability Index
(HAQ-DI) which is an established measurement of the func-
tional ability of patients with RA. The questionnaire consisted
of 20 questions within 8 domains and generated a score from 0
to 3 for each question. Based on the sum of the worst scores
for each domain, the result was obtained by dividing them by
the number of domains that were addressed [14].

Statistical analysis

In the correlation analysis between RAPID3 scores and other
variables, the Pearson product-moment correlation coefficient
was used, and the inference of significance was based on
Student’s t-test for significance. Linear regression was used
to evaluate the percentage of contribution of a number of
selected variables on RAPID3 scores. The Spearman rank
correlation used to test the relationships among RAPID3
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scores, grip strength, SOFI-hand scores, pulp-to-palm dis-
tance and HAQ-DI scores, in each of the subgroups stratified
by gender, age, and disease duration. Moreover, multivariate
regression analysis was used to determine the relationship
between a number of selected variables and RAPID3 scores.
STATA version 11 software (StataCorp, College Station, TX)
was used for statistical analyses. The significance level was set
at p < 0.05.

Results

Patients’ demographic and clinical data are presented in
Table 1. The mean RAPID3 score was 14.1 (SD 5.2), the
mean DAS28 was 5.9 (SD 1.3), the mean HAQ-DI score
was 1.8 (SD 0.7), the mean grip strength was 16.6 kg (SD
8.4), the mean SOFI-hand score was 4.7 (SD 3.9), and the
mean value for pulp-to-palm distance was 1.7 cm (SD 0.9).
The correlations between study variables were investigated as
crude values and were adjusted by age, gender, and disease
duration, with particular attention paid to the comparisons
between RAPID3 scores and hand function data (Table 2
and Table 3). Most importantly, a positive correlation was
found between RAPID3 scores and HAQ-DI scores
(r = 0.81), RAPID3 scores and SOFI-hand scores (r = 0.57),
and RAPID3 scores and pulp-to-palm distance (r = 0.44), and

a negative correlation was found between RAPID3 scores and
grip strength (r = −0.69), meaning that patients’ hand function
worsen with higher disease activity measured by RAPID3
scores. In regards to gender, age, and disease duration, we
did not find significant correlations between RAPID3 scores,
SOFI-hand scores, and pulp-to-palm distance in males in the
early disease group (duration 0–1 years) or in the long-term
disease group (duration >20 years),implying that RAPID3
scores cannot mirror total finger flexion motion as measured
by the pulp-to-palm distance. Moreover, we investigated
whether each component of RAPID3 scores (FN- physical
function, PN- pain, GE-global estimate) performs well to pre-
dict hand function. The strongest correlation was found be-
tween the Rapid3 FN score and the HAQ-DI score (r = 0.86),
followed by correlations between the Rapid3 PN score and the
HAQ-DI score (r = 0.71) and the Rapid3 PN score and grip
strength (r = −0.70) (see Supplementary file 1 for details).

In the hand function data, the strongest correlation was
found between the SOFI-hand score and the pulp-to-palm
distance (r = 0.77), followed by correlations between the
HAQ-DI score and grip strength (r = −0.76), the SOFI-hand
score and grip strength (r = −0.70), and grip strength, and
pulp-to-palm distance (r = −0.64) (Table 3).

In order to evaluate which variable contributed the most to
RAPID3 scores, we performed linear regression analysis.
Each of the above factors was regressed on RAPID 3 and

Table 1 Demographic and
clinical characteristics of the
patients

Variables (n = 68) Mean SD Median Min Max p25 p75

Gender

Female 58 (85.3%)

Male 10 (14.7%)

Age (years) 53.5 11.6 56.5 21.0 71.0 47.0 62.5

Disease duration (years) 9.6 7.9 7.0 0.5 35.0 3.0 14.5

Dominant hand

Right 66 (97%)

Left 2 (3%)

Steinbrocker scale 1.9

Morning stiffness (min) 55.1 54.0 45.0 0.0 300.0 20.0 75.0

VAS Pain (mm) 59.5 20 55 10 95 45 74.5

Number of tender joints 14.3 7.4 14.5 2 28 8 18.5

Number of swollen joints 9.2 5.7 8 2 28 4.5 13

RAPID3 score 14.1 5.2 13.75 1.5 24.5 11.1 18.4

DAS 28 score 5.9 1.3 6.11 2.69 8.21 5.08 6.77

HAQ-DI score 1.8 0.7 1.94 0.25 3 1.32 2.38

Grip strength (kg) 16.6 8.38 15 2 41 10.5 22.5

Pulp to palm distance (cm) 1.7 0.9 1.8 0.2 4.4 1 2.05

SOFI- hand 4.7 3.9 4 0 15 2 6

VAS-pain, Visual analog scale-pain; RAPID3 score, Routine Assessment of Patient Index Data 3; DAS28,
Disease Activity Score based on 28 joints; HAQ-DI, Health Assessment Questionnaire-Disability Index; SOFI-
hand, Signal of Functional Impairment; n, number of cases; SD, standard deviation; min, minimum; max,
maximum; p25, 25th percentile; p75, 75th percentile
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the relevant R-squared coefficients and the percentage of con-
tribution as well as the results of a t test on the significance of
the relationship between the two variables indicated that the
factor was significantly related to RAPID3 scores. The results
demonstrated that the most influential factor on RAPID3 score
was the HAQ-DI score (66.22%) followed by grip strength
(45.88%), SOFI-hand score (32.52%), and pulp-to-palm dis-
tance (19.83%), all independently significant at the 1% level
(Table 4).

Discussion

Since RA is a complex disease, the use of various objective
and subjective instruments has been proposed in order to ob-
tain optimal information about patient conditions. Because the
disease typically affects the small joints of the hand, the aim of
our study was to investigate the relationship between RAPID3
scores, a novel disease activity tool, and the function of the
hand, which, to our knowledge, has not been studied before.
This is important because, by using the RAPID3 scores, we
could determine whether it correlates with hand function,
which is the major contributor of disability in these patients.
Disease activity in RA is most often measured with the
DAS28 scale [9]. Our results confirmed previous findings
regarding the similarity between RAPID3 scores and
DAS28 scores, which have presented the benefit of RAPID3

use as disease activity measure in clinical practice [5, 6].
Interestingly, we found a stronger correlation between
RAPID3 scores and hand outcome measurements than be-
tween DAS28 scores and hand outcomemeasurements, which
implies that the damage is reflected in the RAPID3 score but
not in the DAS28 score. These findings further reinforce the
clinical usefulness of RAPID3. The relationship between
DAS28 scores and different hand outcome measurements
was confirmed by other studies [15–20]. The study by
Dedeogluret al. reported a correlation between grip strength
and other RA assessments and found negative correlations
with DAS28, HAQ, and SOFI indices. Additionally, there
was a correlation between DAS28 scores with SOFI and
HAQ scores [15], results that are in accordance with our find-
ings. Hallertet al. showed that grip strength and SOFI were
significant predictors of disease activity [16]. In contrast,
Bircanet al. reported a significant but weak correlation be-
tween hand function and disease activity; hand function was
evaluated with the Grip Ability Test (GAT) [21], which may
explain the discordance between their findings and our study
results.

Sheehy et al. examined patients with early rheumatoid ar-
thritis and found a strong correlation between DAS28 scores
and grip strength in patients with a disease duration of less
than 2 years, emphasizing the importance of assessing grip
strength, which acts as a disease activity measure in RA pa-
tients [19]. These results are in agreement with our current

Table 2 Correlations between
RAPID3 scores, DAS28 scores,
HAQ-DI scores, SOFI-hand
scores, grip strength and pulp-to-
palm distance

Variables RAPID3 scores DAS28 scores HAQ-DI scores SOFI-hand
scores

Grip
strength

Pulp-to-palm
distance

RAPID3

r 1.0000

p value

DAS28

r 0.7306 1.0000

p value 0.0000

HAQ-DI

r 0.8137 0.5928 1.0000

p value 0.0000 0.0000

SOFI-hand

r 0.5702 0.3714 0.5947 1.0000

p value 0.0000 0.0018 0.0000

Grip strength

r -0.6905 -0.5266 -0.7602 -0.6950 1.0000

p value 0.0000 0.0000 0.0000 0.0000

Pulp-to-palm distance

r 0.4357 0.3731 0.5377 0.7690 -0.6395 1.0000

p value 0.0002 0.0017 0.0000 0.0000

p < 0.05; r, correlation coefficient; RAPID3, Routine Assessment of Patient Index Data 3; DAS28, Disease
Activity Score based on 28 joints; HAQ-DI, Health Assessment Questionnaire-Disability Index; SOFI-hand,
Signal of Functional Impairment;
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findings. Namely, our patients with a disease duration of less
than 1 year or a duration of 2–5 years showed a significant
correlation between RAPID3 scores and grip strength as well
as between RAPID3 scores and other hand measurements. In
contrast, Eberhard et al. did not observe a correlation between
DAS28 scores and hand outcome measurements, with the

reasoning that the majority of the RA patients had disturbed
hand function [7]. This may have been due to the long average
disease duration of 15 years, while the average disease dura-
tion was 9.6 years in our study. In addition, when we analyzed
the correlation between RAPID3 scores and hand outcome
measurements in patients with longer disease duration
(>11 years), we found a strong correlation between RAPID3
scores, HAQ-DI scores, and grip strength. In accordance with
the results of Erbehard et al. we did not find a significant
correlation between RAPID3 scores and SOFI-hand scores
in patients with late disease (disease duration >20 years).
Kapetanovic et al. presented the results of 20 year follow-up
and concluded that disease activity contributed to HAQ-DI
scores and impairment (assessed by SOFI) [22]. Our results
show that hand function measurements contribute to RAPID3
scores at a level of 19.8 to 66.2%.

It is of note that the correlation between RAPID3
scores and HAQ-DI scores was expected since the
RAPID3 is part of the MD-HAQ, which was derived from
HAQ-DI [5, 6]. Our study supports the results of other

Table 3 Stratified correlations among RAPID3 score, HAQ-DI score, Grip strength, Pulp-to-palm distance and SOFI-hand score, for gender, age, and
disease duration

N RAPID3 VS HAQ-DI RAPID3 VS Grip strength RAPID3 VS Pulp-to-palm RAPID3 VS SOFI-hand

Total 68 r 0.81* -0.69* 0.44* 0.57*

p value 0.0000 0.0000 0.0002 0.0000

Gender

Male 10 r 0.76* -0.74* 0.56 0.50

p value 0.0107 0.0144 0.0922 0.1411

Female 58 r 0.81* -0.67* 0.42* 0.56*

p value 0.0000 0.0000 0.0010 0.0000

Age (years)

< 40 10 r 0.86* -0.79* 0.73* 0.82*

p value 0.0014 0.0065 0.0165 0.0037

40–59 33 r 0.82* -0.65* 0.40* 0.37*

p value 0.0000 0.0000 0.0210 0.0340

> 59 25 r 0.73* -0.70* 0.34 0.68*

p value 0.0000 0.0000 0.0963 0.0002

Disease duration(years)

0–1 9 r 0.79* -0.82* 0.61 0.56

p value 0.0113 0.0068 0.0811 0.1169

2–5 18 r 0.78* -0.73* 0.56* 0.63*

p value 0.0001 0.0006 0.0156 0.0050

6–10 18 r 0.82* -0.51* 0.18 0.65*

p value 0.0000 0.0306 0.4748 0.0035

11–20 17 r 0.74* -0.71* 0.50* 0.60*

p value 0.0007 0.0014 0.041 0.011

> 20 6 r 0.86* -0.87* 0.28 0.50

p value 0.028 0.0242 0.5909 0.3125

*p < 0.05; r, correlation coefficient; RAPID3, Routine Assessment of Patient Index Data 3; DAS28, Disease Activity Score based on 28 joints; HAQ-DI,
Health Assessment Questionnaire-Disability index; SOFI-hand, Signal of Functional Impairment-hand

Table 4 Factor linear regression results for each RAPID3 score
variable

Variables R2 α β

HAQ-DI 66.22 3.70 5.69

Grip strength 45.88 21.14 -0.41

SOFI-hand 32.52 10.60 0.76

Pulp-to-palm distance 19.83 9.86 2.50

DAS28 53.38 -3.30 2.95

RAPID3, Routine Assessment of Patient Index Data 3; DAS28, Disease
Activity Score based on 28 joints; HAQ-DI, Health Assessment
Questionnaire-Disability Index; SOFI-hand, Signal of Functional
Impairment; R2 , R-squared coefficients; Regressions of S (p value <0.01)
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studies that found a correlation between overall functional
disability (HAQ) and grip strength [15, 17, 23–25], as
well as studies that established a significant correlation
between HAQ and SOFI [7, 22]. In line with the results
of other studies [7, 15], our results also showed consider-
able correlations between hand outcome measurements.
The strongest correlation was between SOFI-hand scores
and pulp-to-palm distance, which is understandable since
the SOFI-hand index actually measures the range of mo-
tion in the hands [7, 25]. In contrast to our study, Bjork
et al. found a weak correlation between hand outcome
measurements (grip strength, Grip Ability Test (GAT),
and SOFI-hand), with the plausible explanation that they
measured different aspects of hand function [25].

Themain strength of our study is that it was performed using
a predefined standardized method in a sample of patients with
established disease. The patients were enrolled in a consecutive
way, reflecting the settings of clinical practice. There were sev-
eral limitations to our study. The cross-sectional design and the
lack of a control groupwere themost obvious limitations. There
was an imbalance between genders, with a larger number of
females (approx. 6:1), which might have influenced the results
of the hand function assessment; it has been shown that women
have better hand performance than men [16, 25]. Another lim-
itation was that the majority of the patients had moderate to
high disease activity. In addition, we are aware of the inherent
shortcomings due to the design of the study, especially regard-
ing the external validity.

In conclusion, in this preliminary study we found a strong
to moderate correlation between RAPID3 scores and various
measurements of hand function in patients with established
RA. Based on the results of our study, RAPID3 scores could
be seen as a simple tool to assess disease activity in everyday
clinical practice, which encompasses the function of the hand,
regardless of the patient’s gender, age, or disease duration.
This is valuable since damage of the hands in patients with
RA leads to difficulties in performing activities of daily life,
greatly impacting quality of life.

The use of RAPID3 may be seen as an advantage in the
busy clinical setting where medical professionals do not reg-
ularly perform joint counts and even do not measure acute
phase reactants, although this assessment cannot be a substi-
tute for testing hand function. Longitudinal studies with larger
samples of patients, embracing those with low disease activity
as well, are needed to further evaluate our findings, with the
inclusion of sensitivity to change as an important parameter in
clinical practice.
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