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Analysis of the correlation between disease activity 
score 28 and its ultrasonographic equivalent in 
rheumatoid arthritis patients

Introduction
Rheumatoid arthritis (RA) is a debilitating disease that affects approximately 0.5%-1% of the population (1). 
Nowadays, the disease outcome has changed because of the development of disease-modifying drugs, 
especially biological therapies, but there is a percentage of patients who do not respond to the existing 
treatments. In addition, rheumatologists are considering tapering down the treatment more frequently 
because of either safety concerns or economic problems. Therefore, it is fundamental to correctly assess 
the disease activity to make evidence-based therapeutic decisions.

When assessing the disease activity, pain can be found on clinical examination, without the signs of swell-
ing and with normal serum inflammatory parameters [C reactive protein (CRP), erythrocyte sedimentation 
rate (ESR)]. At present, disease activity in RA is measured by the disease activity score 28 (DAS28), which is a 
clinical and laboratory composite score. When calculating this score, the value given to the tender joints is 
higher than that given to the swollen joints. The use of ultrasound (US) in rheumatology has allowed for a 
better joint evaluation since it is more sensitive than clinical evaluation for synovitis detection (2). Moreover, 
it was demonstrated that the presence of pain does not correlate with that of synovitis observed during the 
US examination (3). We believe that in patients with chronic pain without synovitis, the DAS28 index is not 
a good tool for disease assessment.

The DAS28 index often does not reflect the actual situation of the patient (clinical remission or pain without 
inflammation on clinical examination) due to the bias of the bias incurred by variables such as the number 

Roxana Coras , Gustavo Añez Sturchio , Mireia Barceló Bru , Agustí Sellas Fernandez , Sandra 
Farietta , Salvador Campos Badia , Basilio Rodríguez Diez , Juan José de Agustín de Oro 

Original Article

Abstract

Objective: To study the differences between disease activity score 28 (DAS28) index and an ultrasound 
(US) approach using index echographic disease activity score (ECODAS).
Methods: This was a cross-sectional study in patients diagnosed with rheumatoid arthritis (RA). De-
mographic, clinical, and laboratory data were collected. We created a US index (ECODAS) evaluating 
the joints with synovitis using gray scale US (GSUS) and power Doppler US (PDUS) and calculated the 
formula of DAS28 index with both variables substituting tender joint for GSUS and swollen joint for 
PDUS (ECODAS1) and vice versa (ECODAS2).
Results: A total of 58 patients (65.5% women and 34.5% men) were included in the study. There was 
no significant difference between the 2 US indexes. We obtained a Pearson’s correlation coefficient 
(Pearson’s r) of 0.56 (p<0.00001) between DAS28 and ECODAS1 and of 0.57 (p<0.00001) between 
DAS28 and ECODAS2, respectively. However, for patients with a high disease activity [DAS28>5.1, 
tender joint count (TJC, high)], the correlation was poor (0.18) and ECODAS indexes were significantly 
lower (p=0.001). The correlation increased (0.86, p<0.001) when we excluded the tender joints and 
the joints with GS-positive synovitis in both the scores.
Conclusion: US reduces the bias in the evaluation of patients with RA with a high value in DAS28 index. 
We found a clear difference between DAS and ECODAS when TJC was high. The results suggest that 
joint tenderness reported by the patient is not a good reflection of inflammation. More studies are 
needed to find a new combined clinical and sonographic index that would better assess the disease 
activity in patients with RA.
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of tender joints and patient global assessment 
and the subjectivity of physical examination, 
with high interobserver variability (4-6). Our 
study objective was to evaluate the correlation 
between clinical and US examination of all the 
joints included in the 28 joints count, creating 
an echographic disease activity score (ECO-
DAS) without clinical variables as tender and 
swollen joint count (SJC).

Methods

Patients
We included patients with RA according to 
ACR/EULAR 2010 criteria (7). Patients were re-
cruited consecutively from November 2014 to 
December 2015 in the outpatient clinic of the 
rheumatology unit. The patients could receive 
any type of treatment at the time of US evalu-
ation. We did not include any patient with co-
morbidities, such as fibromyalgia or other pain 
conditions.

The study was approved by the Ethics Com-
mittee of Research (ECR) of the Vall d’Hebron 
Hospital in September 2014, and an informed 
consent was obtained from all the patients.

Clinical examination
Swollen joints, tender joints, and global assess-
ment of health on a visual analog scale were 
assessed by a rheumatologist (RC) who was 
blinded to the ultrasonographical results. The 
ESR and CRP were obtained from routine fol-
low-up blood tests for each patient.

Ultrasonography assessment
Ultrasonography was performed by a rheuma-
tologist specialized in musculoskeletal ultra-
sonography (JJdA) who was blinded to other 
clinical information. The joints evaluated were 
the ones that comprise the DAS28 score (8). 
A General Electric Logiq 9 US device (Gener-
al Electric Company; Boston, MA, USA) with a 
high frequency (8-13 MHz) linear transducer 
was used for the US evaluation. Power Doppler 
(PD) settings were standardized for the detec-
tion of synovial blood flow by adjusting color 
gain, pulse repetition, and flow optimization 

parameters according to a previous study (9), 
and finally were: pulse repetition frequency 
(PRF), 0.8; frequency, 10.0 MHz; gain, 27.5; and 
wall filter, 102. We evaluated the number of 
joints with synovitis in gray scale US (GSUS) 
and the number of joints with PDUS signal. GS 
and PD settings (medium dynamic range, me-
dium persistence, medium frame rate, low wall 
filter, 0.8 Hz PRF) were identical throughout the 
examinations. Room temperature was main-
tained at 25°C. The patients were positioned 
comfortably, and the examinations were then 
started after 10 minutes of stabilization of the 
pulse rate. The scanning technique of each 
joint was standardized and fixed as follows: 
longitudinal and transverse scan of shoulders 
(posterior recess for gleno humeral joint, an-
terior recess for bursitis and bicipital tendon 
sheath), elbows (anterior, lateral, and posterior 
recesses), wrists (radioulnar, radiocarpal, and 
intercarpal), hands [dorsal and volar aspects of 
1-5 metacarpophalangeal joint (MCP) and 1-5 
proximal interphalangeal joint (PIP) joints], and 
knees (suprapatelar and parapatelar recesses). 
Scanning was performed in this order to op-
timize the time. Each joint was examined fol-
lowing the EULAR guidelines and recommen-
dations. When assessing each joint, we also 
included tendon evaluation and noted the 
worst score of both for the indexes.

We defined ECODAS, a score calculated using 
the formula of DAS28 score, by substituting the 
clinical variables with the sonographic ones. 
We considered modifying DAS28 with US pa-
rameters similar to Damjanov et al (10). PDUS 
is the most similar US variable to SJC (11-13); 
therefore, synovitis by GS can be used as tender 
joint count (TJC). To decide how to use the US 
examination in the ECODAS score, we evaluat-
ed 2 different approaches. In the first approach, 
the GSUS was used as an equivalent for the TJC 
and the PDUS as an equivalent for the SJC. In 
the second approach, GSUS and PDUS were 
swapped, obtaining 2 scores, ECODAS1 and 
ECODAS2. We also analyzed the agreement 
between TJC and GSUS and between SJC and 
PDUS in a subgroup of patients (48) for which 
we had the corresponding data.

Statistical analysis
Statistical analyses were calculated using R 
version 3.3.2. Normally distributed continuous 
data were summarized by mean and stan-
dard deviation (SD). Any value of p<0.05 was 
considered statistically significant. Differences 
between the 2 groups were examined using 
Student’s t-test. The agreement between clini-
cal and US evaluation of synovitis was assessed 
by kappa (k) statistics, unweighted for dichot-
omous scoring (e.g., the presence/absence of 

synovitis). A k-value less than 0.4 was consid-
ered poor; between 0.4 and 0.75, moderate; 
and more than 0.75, excellent (14). The correla-
tion was evaluated using the Pearson’s coeffi-
cient.

Results
We included 58 patients with RA, and 16 pa-
tients were receiving biological treatment: 4, 
adalimumab; 2, etanercept; 3, tocilizumab; 1, 
infliximab; 2, certolizumab; 2, golimumab; 1, 
abatacept; and 1, rituximab. Among the pa-
tients receiving the biological therapy, 3 were 
on monotherapy, 2 treated with etanercept 
and 1 with adalimumab. Others received the 
biological treatment in combination with syn-
thetic disease-modifying drugs: methotrexate, 
leflunomide, or hydroxychloroquine. Moreover, 
28 patients were receiving monotherapy with 
methotrexate, 2 patients with leflunomide, 9 
receiving combined therapy with methotrex-

Main Points
• Clinical scores overestimate the pain 

component in a relevant group of pa-
tients.

• Mixed US indexes evaluated better in-
flammatory component than clinical 
scores.

• Use ultrasonography in patients with 
other pain conditions.
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Table 1. Clinical and laboratory characteristics 
of patients, and sonographic evaluation of 
the joints.

Age, mean (range) years 61.6 (27-84)

Sex, no. female/male 1/9

Duration of disease, years 9.93 (1-31)

ESR, mm/hour 29.2 (2-89)

CRP level, mg/dL  0.87 (0.02-5.61)

SJC 2.53 (0-10)

TJC 7.24 (0-28)

Patient’s global assessment  
by VAS  59.09 (8-100)

Examiner’s global assessment  
by VAS  44.12 (4-95)

DAS28-ESR, mean±SD 4.73±1.21

CDAI, mean±SD 16.26±10.23

SDAI, mean±SD 12.98±9.1

GSUS, mean±SD 5.12±4.25

PDUS, mean±SD 2.63±3.17

ECODAS1, mean±SD 4.48±1.10

ECODAS2, mean±SD 4.24±1.13

CDAIE, mean±SD 13.54±9.1

SDAIE, mean±SD 10.24±8.38

CDAI: clinical disease activity index; CDAIE: ultrasound clinical 
disease activity index; CRP: reactive C protein; DAS28: disease 
activity score; ESR: erythrocyte sedimentation rate; ECODAS: 
ultrasound disease activity score; GSUS: gray scale ultrasound; 
PDUS: power Doppler ultrasound; SD: standard deviation; 
SDAI: simplified disease activity index; SDAIE: ultrasound 
simplified disease activity index; SJC: swollen joint count; TJC: 
tender joint count; VAS: visual analog scale.



ate and leflunomide, 2 receiving triple therapy 
with methotrexate, leflunomide, and sulfasala-
zine, and 1 receiving triple therapy with metho-
trexate, leflunomide, and hydroxychloroquine. 
We included patients with high, moderate, and 
low disease activity. Demographic, clinical, and 
laboratory characteristics of the patients are 
shown in Table 1.

Assessment of disease activity
The mean of TJC and SJC was 7.24 and 2.53, 
respectively. The mean DAS28 in our cohort 
was 4.73 (1.21) that corresponds to a moderate 
disease activity. In addition, 2 patients (3.45%) 
were in remission (DAS28≤2.6), 4 (6.9%) had low 
disease activity (2.6<DAS28≤3.2), 29 (50%) had 
moderate disease activity (3.2<DAS28≤5.1), 
and 23 (39.65%) had high disease activity 
(DAS28>5).

US evaluation of disease activity
The mean number of joints with synovitis in GS 
and PD is summarized in Table 1. The mean for 
the 2 scores was calculated as stated in Meth-
ods.

Agreement between clinical and sonographic as-
sessment of the presence or absence of synovitis
We first assessed the agreement between the 
TJC (out of 28 from the DAS28 score) and the 
GSUS (the same joints that were assessed as 
part of DAS28). While doing this for every pa-
tient, we found there was a poor agreement 
(k<0.4) in 83.33% of the patients (40 of 48 
patients), there was a moderate agreement 
(0.4≤k<0.75) in 14.58% of the patients (7 of 48 
patients), and an excellent agreement (k>0.75) 
in 2.08% of the patients (1 of 48 patients); the 
average agreement was 79%. Next, we evalu-
ated the agreement between TJC and PDUS, 
between SJC and GSUS, and between SJC and 
PDUS. The average agreement between swol-
len joints and PDUS was 89.5%. The detailed 
results are presented in Table 2 showing a poor 
agreement overall between tender joints and 
synovitis detected by US, either in GS or with 
Doppler signal. There is a moderate agreement 
between swollen joints and synovitis detected 
by US, mostly in the small joints of the hands.

The next step was to evaluate the agreement 
between clinical and US examination for every 
joint. The results are presented in Table 2.

When analyzing the concordance between the 
clinical (TJC) and US (GSUS and PDUS) evalua-
tion in patients with high discordance between 
the number of tender and swollen joints (>5), 
the agreement coefficient was lower in these 
patients than the patients with a lower dis-
cordance (p=0.01 for TJC-GSUS and 0.001 for 
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Table 2. Agreement per patient and per joint.

Level of agreement TJC-GSUS TJC-PDUS SJC-GSUS SJC-PDUS

Poor (k<0.4) 83.33 (40/48) 83.33 (40/48) 66.66% (32/48) 66.66% (32/48)

Moderate (0.4≤k<0.75) 14.58% (7/48) 8.33% (4/48) 25% (12/48) 27.08% (13/38)

Excellent (k≥0.75) 2.09% (1/48) 8.33% (4/48) 8.33% (4/48) 6.25% (3/48)

Joint (right and left) TJC-GSUS TJC-PDUS SJC-GSUS SJC-PDUS

Shoulder 0.098 0.093 0.12 0.09 -0.07 0 -0.06 0

Elbow 0.216 0.28 0.18 0.19 0.21 0.28 0.53 -0.03

Right wrist 0.2 0.22 0.18 0.13 0.38 0.31 0.32 0.28

Right 1 MCP 0.07 0.24 0.06 0.3 0.55 0.35 0.33 0.38

Right 2 MCP 0.159 -0.108 0.27 -0.19 0.53 0.41 0.62 0.45

Right 3 MCP 0.06 0.315 -0.03 0.29 0.24 0.7 0.45 0.66

Right 4 MCP 0.11 0.24 -0.06 0.34 0.3 0 -0.02 0

Right 5 MCP 0.5 -0.108 0.43 -0.03 0.48 -0.03 0.63 -0.02

Right 1 PIP -0.125 0.03 -0.07 -0.03 -0.03 0 -0.02 0

Right 2 PIP 0.25 0.089 0.06 -0.01 0.37 0.22 0.65 0.37

Right 3 PIP 0.22 0.46 0.2 0.19 0.66 0.49 0.86 0.38

Right 4 PIP 0.142 0.33 0.07 0.35 -0.03 0.25 0.65 0.65

Right 5 PIP 0.148 0.148 0.14 0 0.54 0 0.65 0

Right knee 0.08 0.107 0.08 0.26 0.32 0.19 0.5 0.34

GSUS: gray scale ultrasound; MCP: metacarpophalangeal joint; PIP: proximal interphalangeal joint; PDUS: power Doppler 
ultrasound; SJC: swollen joint count; TJC: tender joint count.

Table 3. k agreement coefficient for each joint in patients with high discordance between 
tender and swollen joints versus low discordance.

Joint (right  TJC-GSUS, TJC-GSUS, TJC- PDUS, TJC- PDUS,  
and left) TJC-SJC≤5 TJC-SJC>5 TJC-SJC≤5 TJC-SJC>5

Shoulder 0.1775 0.091 0.099 0.2 0.1836 0.294 0.099 0

Elbow 0.388 -0.049 0.0769 0.333 0.3093 0 0 0.158

Wrist 0.168 0.276 0.3333 0 0.1724 0.276 0.2631 -0.111

1 MCP 0.3548 0.459 -0.1891 -0.037 0.4285 0.714 -0.1282 -0.12

2 MCP 0.228 -0.114 -0.0285 -0.059 0.3816 -0.10 0.1219 -0.127

3 MCP -0.0909 0.636 0.1232 0.077 -0.0476 0.590 0.0588 0.077

4 MCP 0 -0.043 -0.2173 0.259 0 0 -0.1162 0.259

5 MCP 0.52 -0.103 0.4782 0 0.6321 -0.049 0.2558 0

1 PIP -0.081 -0.043 -0.2173 0 -0.081 -0.043 0 0

2 PIP 0.3684 -0.053 0.0724 0.111 0.3684 -0.049 -0.1267 0.043

3 PIP 0.389 0.529 0.027 0.375 0.3885 0.365 0.0769 0

4 PIP 0.15 0.784 0.1578 -0.037 0.2156 0.652 0 0.2

5 PIP 0.434 0.652 0 -0.111 0.4754 0 0 0

Knee 0.1111 0.125 -0.0158 0.015 0.2156 -0.043 0.0985 0.310

GSUS: gray scale ultrasound; MCP: metacarpophalangeal joint; PIP: proximal interphalangeal joint; PDUS: power Doppler 
ultrasound; SJC: swollen joint count; TJC: tender joint count.



TJC-PDUS, respectively). The patients with high 
discordance also had higher Patient’s Global 
Assessment by visual analog scale (Table 3).

Relationship between clinical and US examination 
of the joints
We found a moderate correlation between 
DAS28 and ECODAS1, with a Pearson’s coef-
ficient of 0.56 (r2=0.32, p<0.00001) as well as 
between DAS28 and ECODAS2, with a Pear-
son’s coefficient of 0.57 (p<0.00001). Since 
there is no significant difference between the 
2 US scores (p=0.25) and there was a greater 

agreement between the swollen joints and 
the joints with synovitis with PD, we decided 
to use ECODAS1 score for further analysis. ECO-
DAS1 was calculated by substituting TJC with 
GS-positive joints and SJC with PD-positive 
joints; hence, we thought this score would be 
a better surrogate for the DAS28 score because 
of the relation between clinical inflammation 
and PD evaluation.

When comparing DAS28 with ECODAS1, we 
did not find any significant difference. Interest-
ingly, after stratifying the patients by disease 

activity, in the group of patients with high 
disease activity, n=23, (DAS28>5.1) there was 
a significant difference between DAS28 and 
ECODAS1 (p=0007). Moreover, the correlation 
between the 2 scores in this subgroup of pa-
tients was poor, with a Pearson’s coefficient of 
0.18 (Figure 1). The mean difference between 
TJC and SJC was 10.4 (range between 0 and 
26) in patients with high disease activity and 6 
(range from 7 to 14) for the rest of the patients 
(p<0.05).

Because we found a poor agreement between 
the tender joints and US-detected synovitis, 
we also calculated other scores used for dis-
ease activity assessment: simplified disease 
activity index and clinical disease activity index 
and their US equivalents. We found a moder-
ate correlation between both the scores, with 
a Pearson’s correlation of 0.51 and 0.4, respec-
tively.

Given that we consider that pain overestimates 
DAS28, we decided to eliminate this variable 
and calculate a variant of DAS28 and ECODAS1 
excluding the number of tender joints and the 
number of joints with GS-positive synovitis, re-
spectively. The correlation coefficient between 
the 2 calculated scores was significantly better, 
0.86 (p<0.001) (Figure 2).

Discussion
The correct assessment of disease activity in 
patients with RA is fundamental for offering ad-
equate treatment to the patients. DAS28 score 
is the most frequently used tool for disease 
activity evaluation. Concerns about DAS28 
reliability for disease activity assessment have 
been present for a long time and a lot of work 
has been carried out trying to find US-based 
scores to allow a more accurate evaluation of 
synovitis.

There are several US scores (15-21) using differ-
ent number of joints with moderate correlation 
with clinical scores. We have decided to explore 
a new approach with a mixed index similar to 
the Damjanov et al. (10), eliminating the pos-
sible subjective parameters such as TJC. It was 
demonstrated that these reduced scores reflect-
ed therapeutic response; therefore, they could 
be used as a good tool for disease monitoring, 
but no consensus exists yet on what number 
of or which joints should be evaluated by US. In 
our study, we found a disagreement between 
the tender joints and synovitis detected by US in 
GS as well as PD. These findings support already 
published data that found no correlation be-
tween tender joints and US findings of synovitis 
(22). In contrast, we found a moderate agree-
ment between the swollen joints and synovitis 
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Figure 2. The correlation coefficient between the 2 calculated scores (DAS28 excluding tender 
joints and ECODAS1 excluding GS positive joints) was high (0.86).

Figure 1. There is a poor correlation between the clinical and ultrasound scores in patients with 
high disease activity.
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detected by US, in both GS and PD, mostly in 
the MCP joints and less in the PIPs. There was 
no agreement for the big joints, which suggests 
that clinical assessment of synovitis in these 
joints is trickier, possibly because the joints are 
profound, and it might be difficult to assess 
small effusions and low-grade synovitis.

Damjanov et al. (10) tried an approach similar to 
ours. They showed that US DAS had a stronger 
correlation with the historical and the near-fu-
ture damage indexes detected by X-ray, mag-
netic resonance imaging, and US, and it better 
anticipated the probability of future joint dam-
age than DAS28. Using this as a reference, we 
calculated ECODAS1 and 2, replacing TJC with 
GS synovitis and SJC with PD synovitis and vice 
versa. We found that the 2 options were equiv-
alent. This could be because both GS and PD 
are the expressions of synovitis, and there was 
no significant difference between the number 
of joints with synovitis detected by GS and PD 
in our cohort. We decided to use ECODAS1 in 
the rest of the analysis owing to the relation be-
tween swollen joints and PD synovitis because 
we are aware that the presence of PD (a signal 
of intense vascularity) signal represents active 
inflammation, which is a known predictor for 
the development of erosions (23, 24) and prob-
ably reflects better inflammatory level than GS.

There was a moderate correlation (R2=0.32, 
p<0.05) between DAS28 score and ECODAS1. 
However, when analyzing the subset of pa-
tients with high disease activity there was no 
statistically significant correlation between 
both indexes (R2=0.03). Moreover, there was 
no statistically significant difference between 
the clinical score DAS28 and the US score ECO-
DAS1, and DAS28 was significantly higher than 
ECODAS1 in patients with high disease activ-
ity (defined by DAS28>5.1). For this subgroup 
of patients, the mean difference between 
TJC and SJC was 10.43, significantly higher 
compared to the rest of the patients. Several 
studies found that DAS28 overestimates the 
disease activity in patients with fibromyalgia 
(6) because of a higher number of tender joints 
and a higher score for pain (25-27). The num-
ber of tender joints accounts double the num-
ber of swollen joints in the DAS28 score (28). 
We found that the agreement between clinical 
and US examination is lower when there is a 
high discordance between the TJC and SJC. In 
patients with RA, there are several non-inflam-
matory causes of pain, such as chronification of 
pain, development of central sensitization, and 
conditioned pain modulation (29, 30). All these 
causes lead to an increase of DAS28 because 
2 parameters that reflect pain are used for its 
calculation: the TJC and the patient’s assess-

ment of disease. When we calculated DAS28 
and ECODAS1 after eliminating the pain com-
ponent, the correlation between the 2 scores 
was higher (R2=0.86, p<0.001). A recent study 
has demonstrated that a high discordance be-
tween tender and swollen joints and between 
the patients’ and physician’s assessment of the 
disease may reduce the likelihood of remission 
in RA and psoriatic arthritis (31).

Therefore, our results suggest that DAS28 has 
a subjective component, pain, which over-
estimates the disease activity and can lead 
to unnecessary changes in the treatment. A 
composite score that would include objective 
measures, such as US parameters combined 
with clinical and biological ones, should be de-
veloped for a better assessment of the disease 
activity in patients with RA.

Of course, our study has limitations: the num-
ber of patients is low, and there is a skew in 
the disease activity toward high activity; 
nonetheless, among the patients with high 
disease activity, there was a high discordance 
between the clinical and US evaluation. We 
did not calculate the sample size before the 
study, but when we performed statistical anal-
ysis, the results were powerful to support the 
main objective. A larger sample size is need-
ed to confirm the results. Another limitation 
of our study is the calculation of ECODAS1, 
substituting TJC by joints with synovitis in GS 
and SJC by joints with synovitis with PD sig-
nal because there is no equivalence between 
these parameters. However, this option is an 
objective method of evaluating the joints that 
does not take into the account the subjective 
component of pain.

In conclusion, our study found a clear differ-
ence between the clinical examination and US 
evaluation in patients with a high difference 
between the number of TJC and SJC. US is an 
objective method that can reduce overestima-
tion of pain bias and can be used in combina-
tion with clinical and laboratory parameters 
to improve evaluation of inflammation in RA, 
creating a composite score. 

The field of inflammatory arthritis requires the 
development of better tools to improve pa-
tient management, and ultrasound, which is 
relatively cheap and widely available, allowing 
bedside evaluations, should be among these 
tools.
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