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Abstract
Objective

The 28-Joint Disease Activity Score (DAS28) using C-reactive protein (CRP) and DAS28 using erythrocyte sedimentation 
rate (DAS28-ESR) may not be interchangeable. We sought to compare and estimate optimal thresholds for the DA28-CRP 

for use in early rheumatoid arthritis (ERA).

Methods
Patients from the Canadian Early Arthritis Cohort with baseline and 12 months’ data for both DAS28-ESR and 

DAS28-CRP were examined for correlations and differences between DAS28-CRP and DAS28-ESR across their range
 of values. Receiver operating characteristic analysis identified thresholds for DAS28-CRP that best corresponded to 
established thresholds for the DAS28-ESR using the total sample, then stratified by age and sex. Agreement between 

DAS28-CRP and DAS28-ESR thresholds was assessed with the kappa statistic.

Results
The sample included 995 patients with mean (SD) age of 53.7 (14.5) years, 5.8 (2.9) months of symptom duration 
and 74% were female. DAS28-CRP and DAS28-ESR scores were highly correlated (r= 0.92, p<0.0001), however 
DAS28-CRP values were consistently lower than DAS28-ESR values. Calculated thresholds for DAS28-CRP were
 lower with 2.5 for remission, 2.9 for low disease activity, and 4.6 for high disease activity but showed moderate 

agreement with the DAS28-ESR thresholds (kappa=0.70). 

Conclusion
In this large sample of ERA patients, newly estimated thresholds for DAS28-CRP were consistently lower than 
DAS28-ESR thresholds across the spectrum of disease activity. This may have important clinical implications if 

inflammatory markers are used interchangeably. Additional external validation of our findings is needed. 
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Introduction 
Rheumatoid arthritis (RA) is a complex 
inflammatory disease requiring multi-
ple parameters to assess disease activ-
ity and monitor therapeutic response. 
The Disease Activity Score 28 joints 
(DAS28) is a widely used and validat-
ed outcome for measuring RA disease 
activity (1). It is a composite index that 
incorporates the erythrocyte sedimen-
tation rate (ESR), which is a parameter 
of chronic inflammation. 
C-reactive protein (CRP) is a more 
acute indicator of inflammation and 
less affected by patient-specific varia-
bles than ESR (2). Thus, CRP may be a 
preferred marker for clinical use, and is 
often used to generate a DAS28 score 
using the same cut-offs established for 
the DAS28-ESR (2, 3). 
Studies have reported that DAS28-CRP 
yields lower scores than DAS28-ESR 
and have cautioned that established 
disease state thresholds may not be in-
terchangeable with DAS28-CRP (4-8). 
Results from these studies were pre-
dominantly based on select geographic 
samples with established RA, which 
may not be representative of other 
clinical settings  (9-11). A recent analy-
sis also suggested that DAS28-ESR 
cut-off values should not be applied to 
DAS28-CRP (12). However, this study 
was based on pooled data from clini-
cal trials with patient characteristics 
not generalisable to routine clinical 
practice. In an era where treat-to-target 
approaches and access to biologics are 
frequently contingent on DAS28 cat-
egories of disease activity, even small 
discrepancies in measurement can have 
important clinical implications. 
The objective of this study was to esti-
mate and validate previously proposed 
new thresholds for DAS28-CRP remis-
sion, low, moderate and high disease 
activity states in an early rheumatoid 
arthritis (ERA) cohort.

Materials and methods
Participants
Study participants were enrolled in 
the Canadian early ArThritis CoHort 
(CATCH), a large multicenter cohort 
study of patients with early inflam-
matory arthritis. CATCH participants 
undergo standardised clinical and 

laboratory assessments and treatment 
with disease modifying anti-rheumatic 
drugs is provided at the discretion of 
the rheumatologist, generally follow-
ing a treat-to-target approach. The 
present study included ERA patients 
enrolled in CATCH since inception 
(2007) through October 2014, and 
data to calculate both DAS28-ESR and 
DAS28-CRP scores at baseline and 
12 month follow up. ESR levels were 
determined by the Westergren method 
(mm/hour) and serum CRP levels were 
obtained (mg/L). Patients were classi-
fied into disease activity states accord-
ing to established thresholds for REM 
(DAS28-ESR <2.6), LDA (DAS28-
ESR ≤3.2), MDA (3.2< DAS28-ESR 
≤5.1) and HDA (DAS28-ESR >5.1). 

Statistical analyses
The relationship between composite 
DAS28-ESR and DAS28-CRP meas-
ures was estimated with Pearson’s cor-
relation (r) coefficient.
Thresholds for the DAS28-CRP that 
best corresponded to established 
DAS28-ESR thresholds were identified 
by combining results from multiple 
methods. We created receiver operator 
characteristic (ROC) curves by plotting 
the sensitivity and specificity of the 
DAS28-CRP at every possible cut-off 
point, and maximised the best trade-
off between sensitivity and specificity 
(13). Although sensitivity and specific-
ity are important measures of diagnos-
tic accuracy, they cannot help estimate 
the probability of disease state in indi-
vidual patients. Therefore, we calcu-
lated positive predictive values (PPV), 
negative predictive values (NPV) and 
likelihood ratios (14, 15). Ultimately, 
the optimal DAS28-CRP cut offs were 
determined based on the ROC analyses 
(maximising area under the curve) and 
highest positive predictive values.
The kappa statistic was used to assess 
classification agreement overall be-
tween DAS28-ESR and DAS28-CRP 
values at baseline and month 12 using a 
weighted kappa coefficient (16). Kappa 
statistics were also used to compare 
agreement between newly calculated 
thresholds for the DAS28-CRP and 
established thresholds for the DAS28-
ESR  (17). Statistical significance was 
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defined as p<0.05. All analyses were 
performed using SAS® (v. 9.3). 

Results
The sample included 995 CATCH par-
ticipants with ERA. A detailed partici-
pant flow diagram is presented as Fig-
ure 1. Patients who were excluded due 
to missing data were not significantly 
different. 
Sample characteristics at baseline are 
presented in Table I. Participants were 
predominantly Caucasian (83%), fe-
male (74%), with mean (SD) age of 54 
(15) years and symptom duration 5.8 
(2.9) months. The majority of patients 
were in MDA or HDA and mean (SD) 
DAS28-ESR of 5.1 (1.4) was higher 
than mean DAS28-CRP 4.7 (1.3). 
Composite DAS28-ESR and DAS28-
CRP measures were strongly correlated 
(baseline Pearson’s r of 0.92, p<0.001) 
Table II displays the optimal cut-off 
values for DAS28-CRP and their as-
sociated diagnostic measures of accu-
racy. The derived DAS28-CRP REM 
value was ≤2.5, DAS28-CRP LDA was 
≤2.9, DAS28-CRP MDA was ≤4.6 and 
DAS28-CRP HDA was >4.6. DAS28-
CRP remission and LDA thresholds 
were lower than DAS28-ESR category 
thresholds, most notably for women 
and those greater than 60 years of age 
(data not shown). PPV was lowest for 
the remission threshold (range 74% to 
95%) but PPV remained high for LDA 
and HDA, even when stratified by age 
and sex. 
Overall, there was moderate agreement 
between established DAS28-ESR and 
proposed DAS28-CRP thresholds using 
month 12 data (κ=0.70). Total agree-
ment was substantial for patients over 
the age of 60 (κ= 0.71) for patients less 
than 60 years of age (= 0.73), for men 
(κ= 0.70) and for women (κ= 0.73). 

Discussion
In this inception ERA cohort, we found 
that disease activity based on DAS28-
CRP yielded lower thresholds com-
pared to DAS28-ESR scores. Using 
the DAS28-ESR as the gold standard, 
we estimated DAS28-CRP thresholds 
of 2.5, 2.9 and 4.6 for remission, low 
and high disease activity states, respec-
tively. 

Fig. 1. CATCH participant flow diagram. 
CATCH: Canadian early rheumatoid ArThritis CoHort; ACR: American College of Rheumatology; 
EULAR: European League Against Rheumatism; DAS28, Disease Activity Score 28 joints; ESR: 
erythrocyte sedimentation rate; CRP: C-reactive protein.

Table I. Baseline characteristics of CATCH participants (n=995)

Demographic characteristics Mean (SD) or frequency (%)

Age (years) 53.7 (14.5)
Female  738 (74%)
Caucasian 822 (83%)
Current smoker 163 (16%)
Ex-smoker 397 (40%)
ever smoker 435 (44%)
High school education  447 (45%)
Income ≤ $50,000 (n=653) 373 (57%)
Symptom duration (months) 5.8 (2.9)

Disease activity measures  
     TJC-28 9 (7)
     SJC-28 8 (6.0)
     PTGA (0-10 cm scale) 5.7 (2.9)
     MDGA (0-10 cm scale) 4.9 (2.5)
     ESR (mm/hr) 27.1 (21.6)
     CRP (mg/L) 14.3 (17.9)
     DAS28-ESR 5.1 (1.4)
     DAS28-CRP 4.7 (1.3)

Initial treatment 
Conventional synthetic DMARD monotherapy  437 (44%)
Conventional synthetic DMARD combination therapy 449 (45%)
Biologic DMARD 31 (3%)

Corticosteroids 
   Oral (po) 293 (29%) 
   Parenteral (IA/IM)  301 (30%)

DAS28: Disease Activity Score 28 joints; DMARD: disease-modifying anti-rheumatic drug; ESR: 
erythrocyte sedimentation rate; MDGA: physician global assessment of disease; PTGA: patient global 
assessment of disease; SJC-28: swollen joint count out of 28 joints; TJC-28: tender joint count out 
of 28 joints. *Initial treatment reflects therapy started only after cohort entry (within first 3 months). 
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The results from the present study are 
consistent with others showing that 
CRP-based DAS28 disease activity 
thresholds are lower than ESR-based 
DAS28 scores (5, 6, 9, 11, 18, and 19). 
We independently arrived at a similar 
DAS28-CRP cut-off of 2.4 for REM 
and the same value of 2.9 for LDA that 
Fleischmann et al. proposed (12). How-
ever, our analysis was unique by using 
two time points- baseline and month 12- 
and we were able to demonstrate how 
test characteristics and resultant cut-off 
points varied over time with attainment 
of different disease states. Our HDA 
cut-off of 4.9 was identical to Castre-
jón et al. but our results differed with 
regards to lower sensitivity for CRP-
based definitions of REM, especially 
when using baseline values for calcu-
lation, where prevalence of REM was 
lowest. Translated for use in real-world 
settings, lower sensitivity equates to the 
risk that some patients in REM may be 
missed, but the high PPV ensures that 
the percentage of patients identified 
as being in REM by the DAS28-CRP 
are actually in REM according to the 
gold standard DAS28-ESR definition. 
Sensitivity and PPV for DAS28-CRP 
values increased for MDA and HDA, 

suggesting it may be interchanged with 
the DAS28-ESR more reliably in these 
states. However, it should be cautioned 
that the lower threshold of 4.6 for HDA 
could have important treatment impli-
cations, especially in settings where ac-
cess to biologics is contingent on docu-
mented DAS28 >5.1. 
While absolute differences between es-
tablished ESR disease activity thresh-
olds and DAS28-CRP thresholds pro-
posed by the present study may appear 
small, it is important to consider that 
the DAS28 is a continuous compos-
ite measure, and that if DAS28-ESR 
thresholds were applied to the measure 
calculated with CRP, then a significant 
proportion of patients could potentially 
be misclassified. These findings raise 
the question about the interchangeabil-
ity of these indices, where decisions 
about maintaining or escalating treat-
ment are formulated in a treat-to-target 
approach aiming for remission or low 
disease state based on ESR thresholds. 
In many current day clinical trials, 
strategies testing withdrawal of therapy 
based on achievement of one of these 
states would also be affected depending 
on the measure used. 
The question remains whether DAS28-

CRP truly underestimates disease ac-
tivity or whether the ESR-based cal-
culation overestimates activity because 
of biological mechanisms (e.g. age, 
gender, chronicity of inflammation, red 
blood cell size etc.) known to prefer-
entially affect ESR but not CRP values 
(2). In fact, we found that differences in 
mean values between DAS28-ESR and 
DA28-CRP were greater for females 
and older patients which are consistent 
with other reports (5, 9, and 10). 
General agreement between DAS28-
ESR and DAS28-CRP has been de-
scribed by others, but our study was 
strengthened by the addition of ROC 
curves to estimate optimal cut-off val-
ues for the CRP method and calculation 
of the clinically relevant PPV, NPV val-
ues and likelihood ratios. We attempted 
to study the influence of age and sex 
on DAS28, which has been evaluated 
in established RA but not strictly in an 
early rheumatoid arthritis population, to 
our knowledge (20). Unlike other stud-
ies, we took the additional step of com-
paring findings at two time points and 
demonstrated how it may be mislead-
ing to apply remission thresholds be-
fore patients have had optimal duration 
of treatment. As suggested by Fleis-

Table II. Diagnostic measures for newly calculated thresholds for DAS28-C-reactive protein disease states using Disease Activity Score 
28 (DAS28)-erythrocyte sedimentation rate as the standard among the whole group, and stratified by age and sex.

Disease activity DAS28-ESR DAS28-CRP Sensitivity Specificity AUC  PPV (%) NPV (%) Positive Negative
 states   (%)  (%)    LR LR

Total sample         
Remission 2.6 2.5 87 84 0.71 82 88 5.4 0.15
Low disease activity 3.2 2.9 90 84 0.75 85 90 5.6 0.11
High disease activity 5.1 4.6  86 93 0.78 92 87 11.6 0.16

Women         
Remission 2.6 2.5 88 83 0.72 80 91 5.5 0.13
Low disease activity 3.2 2.9 91 82 0.74 88 88 5.2 0.11
High disease activity 5.1 4.6  87 92 0.79 91 88 10.5 0.14

Men         
Remission 2.6 2.5 84 85 0.68 88 80 5.5 0.19
Low disease activity 3.2 2.9 88 90 0.75 95 77 8.8 0.13
High disease activity 5.1 4.6  81 95 0.77 95 83 16.9 0.20

Age > 60 years         
Remission 2.6 2.5 89 80 0.67 74 92 4.5 0.14
Low disease activity 3.2 2.9 94 84 0.89 92 90 6.09 0.16
High disease activity 5.1 4.6  85 92 0.77 88 88 9.9 0.07

Age ≤ 60 years         
Remission 2.6 2.5 86 86 0.73 87 86 6.4 0.16
Low disease activity 3.2 2.9 88 84 0.72 90 81 5.4 0.14
High disease activity 5.1 4.6  86 93 0.79 94 85 12.9 0.15

DAS28: Disease Activity Score 28 joints; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; AUC: area under the curve; PPV: positive predic-
tive value; NPV: negative predictive value; LR; likelihood ratio. 
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chmann et al., we took care to select 
baseline rather follow-up data where 
a greater proportion of patients were 
available for analysis to allow a cor-
rect determination of DAS28-CRP cut-
offs for MDA and HDA (12). A further 
strength was our large sample of par-
ticipants that is representative of usual 
care across Canada. Our main limita-
tion was the proportion of missing data 
for the sample that met study eligibility 
criteria but we did demonstrate these 
patients were comparable to those who 
were included in the analysis.
In conclusion, DAS28-CRP and 
DAS28-ESR were strongly correlated, 
but threshold values for DAS28-CRP 
were consistently lower than DAS28-
ESR thresholds across the spectrum 
of disease activity and should not be 
interchangeable. Additional external 
validation of our findings in other ERA 
cohorts is needed. 
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