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Abstract
Objective: Although the discordance in the disease activity 
scores based on 28 joints (DAS28) has been widely investi-
gated, few data exist among black African (BA) populations. 
We aimed first to evaluate the correlation and second to 
assess the concordance between various DAS28 scores in 
the BA patients with rheumatoid arthritis (RA).

Methods: We conducted a multicenter cross-section-
al study in adult patients who had RA from Guinea and 
Cameroon. These patients were diagnosed according to 
the 2010 ACR/EULAR criteria. Outcome measures were 
DAS28-ESR and various DAS28-CRP scores. Paired t-test, 
agreement kappa coefficient, spearman’s correlation coef-
ficient, Bland-Altman plots, and ROC curves were used to 
analyze different DAS28 scores.

Results: Of 74 patients analyzed, 85% were female, mean 
age of these patients was 50 years, and median disease 
duration was 36 months (IQR: 12-90). Four DAS28 scores 
comparisons were performed. DAS28-ESR was on aver-
age higher than standard DAS28-CRP (Δ = 0.58, [95% CI: 
0.45-0.71]; p < 0.0001) and DAS28-CRP without patient’s 
global VAS assessment (Δ = 0.51 [0.46-0.75]; p < 0.0001). 
Correlation between DAS28 scores was moderate ranging 
from 0.6 to 0.82. Overall agreement was lower for the 

conventional DAS28-ESR (weighted kappa: Range, 37.3% 
to 55.3%) than Castrejon DAS28-CRP (72.6% to 87.1%). 
DAS28-CRP-3 has a higher predictive power to evaluate 
disease activity than DAS28-ESR-3 (AUC, 0.97 [0.95-1.00] 
vs. 0.80 [0.68-0.91], p = 0.0062).

Conclusion: The current study provides information on cor-
relation and discrepancy between different disease activi-
ty scores in BA patients with RA, and suggests that these 
markers were not interchangeable.
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Patients and Methods

Study design
This cross-sectional study was based on clinical data, 

stored as Excel electronic records, from consultation 
registry conducted from two major centers in the man-
agement of patients with RA in Guinea (Ignace Deen 
Hospital, Conakry), and Cameroon (Efoulan District 
Hospital, Yaoundé). These patients were diagnosed ac-
cording to the 2010 American College of Rheumatology 
(ACR) [18] and European League against Rheumatology 
Classification Criteria (EULAR) [19]. Adult patients with 
RA, who had at least one record on both ESR and CRP 
were analyzed. The study was approved by the Nation-
al Ethics Committee for Heath Research (NECHR) reat-
tached to the Ministry of Health (Conakry, Guinea), and 
the Ethics Committee of the Efoulan District Hospital 
(Yaoundé, Cameroon).

Demographic, clinical, and laboratory assessments
The extracted sociodemographic and clinical data 

were age, gender, geographical location (Guinea and 
Cameroon), duration of symptoms at diagnosis, positiv-
ity of anticyclic citrullinated peptide antibodies (ACPA) 
and rheumatoid factor (RF), ESR, CRP, patient’s global 
VAS (0-100), 28-tenders joints count (TJC), 28-swollen 
joints count (SJC), and the current medications including 
methotrexate.

Statistical analysis
Means (standard deviation; SD) or median (inter-

quartile range; IQR), and frequencies (percentage) were 
used to describe parametric and non-parametric contin-
uous, and categorical data respectively. A total of seven 
outcomes measures were calculated with the corre-
sponding formula summarized in Table 1, yielding four 
comparisons from [A] to [D].

Difference between two paired DAS28 scores was 
tested using the paired t-tests, and correlation between 
scores was assessed by the Spearman correlation coef-
ficient. To evaluate the levels of agreement between 
DAS28 scores as a continuous outcome, Bland-Altman 
plots were applied, by plotting the difference of DAS28 
scores (Y-axis) against the mean scores (X-axis) [20]. The 
measures were said to be interchangeable if most of the 
data were within the limits of agreement (mean ± 2SD). 
Because, the minimum value of different DAS28 scores 
was 3.6 in our sample, only the comparison between 
moderate and higher disease activity was done accord-
ing to the conventional DAS28-ESR cut-off (high: > 5.1, 
moderate ≤ 5.1) [19,21], and those suggested by Cas-
trejon [2] (high: > 4.9, moderate ≤ 4.9). Then, we used 
the receiver-operating characteristic (ROC) applying 
the Youden’s index method [22] to assess the optimal 
cutoffs points of the various DAS28-CRP measures that 
correspond to the conventional DAS28-ESR of 5.1 and 
to the Castrejon DAS28-CRP of 4.9. Performance mea-

Background
Rheumatoid arthritis (RA) is the most prevalent 

chronic inflammatory autoimmune rheumatism, which 
principally affects the synovial tissue of the small joints. 
Clinically, RA is characterized by the swelling, pain, and 
stiffness that lead to severe disability due to the pro-
gressive joints damage [1].

Although, the Disease Activity Score (DAS) is wide-
ly used to evaluate the pharmacological agent’s effec-
tiveness in clinical trials as well as to monitor disease 
activity in daily clinical practice, there is an emerging 
controversy on the optimal thresholds values to be 
used for patient’s classification in remission [2-5]. Since 
the first validated version of the DAS which was derived 
from 28-joints counts (DAS28) for tenderness and swell-
ing, erythrocyte sedimentation rate (ESR) and patients 
visual analogical scale on 100 mm (VAS) [6-8], several 
adaptations of the DAS8 score have been proposed in 
the literature [5,9-11]. These successive adaptations in-
cluded the substitution of the ESR by the C-reactive pro-
tein (DAS28-CRP) [9], or the simple numerical addition 
of individual measures on their original scale (Simplified 
Disease Activity Index [SDAI]) [10], or the removal of 
the acute phase reactants (Clinical Disease Activity In-
dex [CDAI]) [10], or the removing the patient visual ana-
logical scale leading to three components in the DAS28 
formula (DAS28-ESR-3 and DAS28-CRP-3) [11], or the 
consideration of a sole component (ESR and CRP), and 
finally the adjustment of the DAS28 score on age and 
gender [4].

The correlation and concordance between these dif-
ferent disease activity scores (DAS28-ESR and DAS28-
CRP) have been widely examined in different popula-
tions around the world. Despite the strong correlation 
found in all studies except between of sole components, 
the concordance results are conflicting [4,11-17]. This 
disagreement results in the heterogeneity on medical 
decisions making and the difficulty of comparing studies 
with one another.

Moreover, the majority of these studies is conducted 
in Caucasian, Latin or Asian populations [4,11,12,14-17] 
with little data is available on Black populations, espe-
cially those about the epidemiology, clinical severity of 
RA, the socio-economic aspects as well as the genetic 
and/or environmental factors leading to the disease 
[13]. As age, gender and racial/ethnic influenced ESR 
and CRP levels, data on concordance and interchange-
ability of different DAS28 scores in Black Africans (BA) 
patients with RA are needed. In this study, we reported 
data on correlation and concordance of different DAS28 
scores from two major centers in the management of 
patients with RA in Guinea, and Cameroon. We aimed 
first to evaluate the correlation and second to compare 
the concordance between different DAS28 scores in 
these countries.
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Table 1: Outcomes measures and comparison.

Outcomes measures Formula
Standard  
DAS28-ESR-3 [0.56 × √TJC + 0.28 × √SJC + 0.70 × ln (ESR)] × 1.08 + 0.16
DAS28-ESR 0.56 × √ TJC + 0.28 × √ SJC + 0.70 × ln (ESR) + 0.014 × (VAS)
DAS28-CRP-3 [0.56 × √ TJC + 0.28 × √ SJC + 0.36 × ln (CRP + 1)] × 1.10 + 1.15
DAS28-CRP 0.56 × √ TJC + 0.28 × √ SJC + 0.36 × ln (CRP + 1) + 0.014 × 

(VAS) + 0.96
Tamhane, et al.  
Adjusted† DAS28-CRP 0.56 × √ TJC + 0.28 × √ SJC + 0.1878 × ln (CRP + 1) + 0.014 × 

(VAS) + 0.0073 × (Age) + 0.2501 (if female) + 1.49843
Current study data-specific
Unadjusted‡ DAS28-CRP 0.56 × √ TJC + 0.28 × √ SJC - 0.00762 × ln (CRP + 1) + 0.014 × 

(VAS) + 2.64021
Adjusted† DAS28-CRP 0.56 × √ TJC + 0.28 × √ SJC - 0.01462 × ln (CRP + 1) + 0.014 × 

(VAS) - 0.00149 × (Age) - 0.13067 (if female) + 2.84654
   
Comparisons  
[A]: DAS28-ESR and DAS28-CRP (standard)  
[B]: DAS28-ESR-3 and DAS28-CRP-3 (excluding the 
patient’s global VAS assessment)
[C]: DAS28-ESR and Tamhane, et al. DAS28-CRP 
(adjusted for age and sex)
[D]: DAS28-ESR and current study data-specific DAS28-
CRP (adjusted for age and sex)

‡: Unadjusted for age and sex; †: Adjusted for age and sex; √: square root; DAS: Disease Activity Score; ESR: Erythrocyte 
Sedimentation Rate; CRP: C-Reactive Protein; TJC: 28 Tender Joint Count; SJC: 28 Swollen Joint Count; VAS: Visual Analog 
Scale, self-assessed patient global assessment of disease activity on a VAS of 0 to 100 mm. [A]: Was the comparison between 
the standard DAS28 scores (DAS28-ESR and DAS28-CRP); [B]: Compared the between DAS28 scores that used only three 
variables (DAS28-ESR-3 and DAS28-CRP-3) without the patient’s global VAS assessment; [C]: was the comparison between 
DAS28-ESR and DAS28-CRP adjusted for age and sex used by Tamhane, et al. in African Americans patients with RA [13]; [D]: 
Compared DAS28-ESR and DAS28-CRP adjusted for age and sex derived from the current study data-specific.

Table 2: Patients characteristics at baseline and disease scores comparison.

Variables (n = 74)      

Age, years (mean ± SD) 49.7 ± 15.5 DAS28 scores (mean ± SD)  

Female gender, n (%) 63 (85.1) Using 3 variables (TJC, SJC, ESR/CRP)

Geographical location, n (%) DAS28-ESR-3 5.5 ± 0.7

Guinea 64 (86.5) DAS28-CRP-3 4.9 ± 0.6

Cameroon 10 (13.5) Paired t-test, p value* < 0.0001
Standard (TJC, SJC, ESR/CRP, VAS)

Disease duration, months (median, IQR)§ 36 (12-90) DAS28-ESR 5.8 ± 0.8

RF-positive, n (%)¶ 51 (78.5) DAS28-CRP 5.3 ± 0.7

ACPA-positive, n (%)¶ 31 (81.6) Paired t-test, p value* < 0.0001

TJC-28 (mean ± SD) 11.0 ± 4.1 Tamhane, et al. and DAS28-ESR

SJC-28 (mean ± SD) 3.5 ± 1.9 DAS28-ESR 5.8 ± 0.8

Patient global assessment (VAS, 0 -100 mm) 64.4 ± 19.1 Adjusted† DAS28-CRP 5.9 ± 0.6

ESR, mm/h (median, IQR) 45.0 (32.0-68.0) Paired t-test, p value* 0.7563

CRP, mg/dl (median, IQR) 20.5 (12.0-33.4) Study data-specific and DAS28-ESR

DAS28-ESR 5.8 ± 0.8

Adjusted† DAS28-CRP 5.8 ± 0.6

    Paired t-test, p value* 0.9992

*: p value for comparing means; †: Adjusted for age and sex; §: Data were missing for 42 patients from Senegal; ¶: Data were 
missing for 9 and 38 patients respectively for RF and ACPA; DAS: Disease Activity Score; ESR: Erythrocyte Sedimentation Rate; 
CRP: C-Reactive Protein; TJC: 28 Tender Joint Count; SJC: 28 Swollen Joint Count; VAS: Visual Analog Scale, self-assessed 
patient global assessment of disease activity on a VAS of 0 to 100 mm; SD: Standard Deviation; IQR: Inter Quartile Range.
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Results

Patients characteristics
A total of 74 patients with RA were analyzed (Table 

2), among them 64 (86.5%) patients from Guinea, and 
10 (13.5%) patients from Cameroon. The mean age of 
these patients was 50 years, 85% were female, with a 
median disease duration of 36 months (IQR: 12-90). 
Seventy nine percent of our patients (51/65) were se-
ropositive for rheumatoid factor (RF) and 82% (31/38) 
were positive for the ACPA. All patients were under 

sures including the sensitivity, specificity, positive and 
negative predictive values (PV), and area under curves 
(AUC, 95% CI) were estimated at this optimal threshold. 
Finally, the concordance for a higher disease activity 
between different DAS28-CRP scores using the opti-
mal cut-off estimated in this study and those with con-
ventional DAS28-ESR and Castrejon DAS28-CRP were 
assessed by the weighted kappa coefficient and their 
respective confidence interval. All data analyses were 
done in R (version 3.5.1). Significance was defined as a 
p-value less than 0.05, and all tests were two-sided.
     

 
Figure 1: Correlation and the corresponding agreement using the Bland-Altman plots for various activity disease scores.
DAS: Disease Activity Score; ESR: Erythrocyte Sedimentation Rate; CRP: C-Reactive Protein; Comparison A: DAS28-ESR 
and DAS28-CRP (standard); B: DAS28-ESR-3 and DAS28-CRP-3 (excluding the patient’s global VAS assessment); C: 
DAS28-ESR and Tamhane, et al. DAS28-CRP (adjusted for age and sex), D: DAS28-ESR and current study data-specific 
DAS28-CRP (adjusted for age and sex); For each comparison, correlation was display according to the gender (blue for 
female and yellow for men) in left panel, and the Bland-Altman plots in right panel: Dashed lines represent the bias (purple), 
lower (pink) and upper (green) limits of agreement, and dotted represent their corresponding confidence interval; difference 
was the one between DAS28-ESR and DAS28-CRP scores, and means was the mean of the corresponding DAS28-ESR 
and DAS28-CRP scores.

https://doi.org/10.23937/2469-5726/1510084
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ed a higher disease activity than the measured simul-
taneously with the DAS28-CRP method. The limit of 
agreement varied across comparisons (Table S1), the 
observed bias was 0.58 (0.45-0.71), and the limits of 
agreement were between -0.55 (-0.77, -0.32) and 1.71 
(1.48, 1.94) in comparisons [A] (DAS28-ESR and DAS28-
CRP). The percentages of error between comparisons 
were higher than 30% except in comparison [A] (Figure 
S1).

The best performance measures to identify patients 
with a higher disease activity were observed using the 
cut-off proposed by Castrejon, et al. (Table 3). The best 
trade-off DAS28-CRP value from the current study da-
ta-specific corresponding to DAS28-ESR value of 5.1 
(conventional) and to DAS28-CRP value of 4.9 (Castre-
jon) was 5.6. At each level of disease activity (Table 3 
and Appendix, Figure S2), the estimated performance 
measures based on this optimal trade-off were greater 
for DAS28-CRP than for DAS28-ESR (84.5% vs. 88.2% for 
sensitivity, 81.3% vs. 87% for specificity, 94.2% vs. 93.8% 
for positive predictive values, and 59.1% vs. 76.9% for 
negative predictive values), with no observed differ-
ence between their predictive power (AUC, 0.87 [95% 
CI, 0.76-0.97] vs. 0.92 [0.86-0.99], p = 0.3645). Never-
theless, the predictive power was significantly higher 
for DAS28-CRP than DAS28-ESR when DAS28-CRP from 
Tamhane (p = 0.0034) or DAS28-CRP without patient’s 
global VAS assessment (p = 0.0062) were applied. In ad-
dition, we found a higher predictive power for Tamhane 
modified DAS28-CRP than our data-specific modified 
DAS28-CRP (p = 0.0231).

Using these estimated optimal cut-offs for each dif-
ferent DAS28-CRP score (Table 3), we evaluated the 
concordance for a higher disease activity over the con-
ventional DAS28-ESR and Castrejon DAS28-CRP thresh-

methotrexate. The laboratory characteristics were 
shown in Table 2.

Disease activity scores in RA patients
Data for DAS28 scores comparisons using the paired 

t-tests given in Table 2 showed a significantly higher 
DAS28-ESR mean score compared to the mean DAS28-
CRP both for standard scores (DAS28-ESR and DAS28-
CRP, ∆ = 0.58, [95% confidence interval: 0.45-0.71]; p < 
0.0001) and those using three variables (DAS28-ESR-3 
and DAS28-CRP-3, ∆ = 0.51 [0.46-0.75]; p < 0.0001). 
Nevertheless, the standard mean DAS28-ESR was com-
parable to the mean adjusted DAS28-CRP scores derived 
from Tamhane and the current study data-specific score 
(∆ = -0.018 [-0.14-0.10]; p = 0.7563,  = 0 [-0.10-0.10]; p 
= 0.9992) respectively. In addition, the comparison be-
tween the mean of DAS28-CRP scores from this current 
study data-specific and Tamhane showed no significant 
differences (∆ = -0.018 [-0.08-0.04]; p = 0.5341).

Correlations and concordance of disease activity 
scores

Figure 1 showed the scatter graphs for correlation 
according gender (blue for men and yellow for wom-
en) and in opposite the Bland-Altman plots for level of 
agreement corresponding to the same DAS28 scores 
comparisons. We found a significantly moderate cor-
relation ranging from r = 0.6 to 0.82; p < 0.0001, with 
some disagreement as shown by the scatter diagram 
of the equality line. In addition, the Bland-Altman plots 
(Figure 1) showed that the differences between DAS28 
scores in comparisons [A] and [B] were positive for 86% 
of patients. The corresponding rates of patients in com-
parisons [C] and [D] were 45%, and 55% respectively. 
The observed positive mean difference (bias) display in 
Table S1, suggested that the DAS28-ESR method yield-

Table 3: Performance of disease activity score (DAS28-CRP, DAS28-CRP-3, Tamhane, et al. DAS28-CRP, and the current 
study-specific DAS28-CRP) according to the conventional threshold (DAS28-ESR ≤ 5.1) and Castrejon threshold (DAS28-CRP ≤ 
4.9) for moderate disease activity.

Comparisons Optimal 
Cut-off

Sensitivity Specificity PPV PNV AUC Youden's

            (95% CI) Index

DAS28-ESR conventional threshold‡            

DAS28-CRP 4.999 0.741 0.75 0.915 0.444 0.810 (0.697, 0.924) 0.491

DAS28-CRP-3 4.494 0.845 0.688 0.907 0.55 0.797 (0.679, 0.914) 0.532

Tamhane, et al. DAS28-CRP 5.697 0.707 0.813 0.932 0.433 0.806 (0.690, 0.922) 0.519

Current data-specific DAS28-CRP 5.553 0.845 0.813 0.942 0.591 0.865 (0.758, 0.973) 0.657

DAS28-CRP Castrejon threshold†              

DAS28-CRP-3 4.708 0.882 0.913 0.957 0.778 0.965 (0.931, 0.999) 0.795

Tamhane, et al. DAS28-CRP 5.488 0.941 0.913 0.96 0.875 0.980 (0.954, 1.000) 0.854

Current data-specific DAS28-CRP 5.593 0.882 0.87 0.938 0.769 0.922 (0.855, 0.990) 0.752

‡: Conventiional DAS28-ESR thresholds (moderate disease activity: ≤ 5.1 and High disease activity: > 5.1); †: Castrejon DAS28-
CRP thresholds (moderate disease activity: ≤ 4.9 and High disease activity: > 4.9); DAS: Disease Activity Score; ESR: Erythrocyte 
Sedimentation Rate; CRP: C-Reactive Protein; PPV: Predictive Positive Values; PNV: Predictive Negative Values; AUC: Area 
Under Curves; CI: Confidence Interval.
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olds applying the weighted kappa coefficient. Overall, 
the agreement was good for the Castrejon DAS28-CRP 
thresholds (weighted kappa range, 72.6% to 87.1%), 
and lower for the conventional DAS28-ESR thresholds 
(37.3% to 55.3%) (Table 4). When compared to the 
conventional DAS28-ESR, disagreement with the cur-
rent study data-specific DAS28-CRP was observed in 13 
(17.7%) patients, in whom DAS28-ESR overestimated 
disease activity in 10 (77%) cases. Between DAS28-ESR 
and DAS28-CRP, 19 discrepant cases were observed in 
whom 79% (15 patients) were overestimated by DAS28-
ESR. The corresponding proportions of disease activity 
overestimated by DAS28-ESR were 67% (10/15) and 
86% (18/21) respectively for comparisons [B] and [C]. 
Similarly, the rates of a higher disease activity overes-
timated by the proposed Castrejon DAS28-CRP thresh-
olds when compared to the DAS28-CRP-3, the modified 
DAS28-CRP from Tamhane and the current study da-
ta-specific were 75% (8/8), 25% (1/4), and 67% (6/9) 
respectively.

Discussion
In this cross-sectional multicenter study, the data 

of BA patients with a higher rheumatic arthritis activity 
were analyzed. Despite the moderate positive correla-
tion between DAS28-ESR and DAS28-CRP, we observed 
that, DAS28-ESR was significantly higher than DAS28-
CRP, and their agreement was lower suggesting that 
these two markers were not interchangeable. Never-
theless, the agreement was good when the Castrejon 
[2] DAS28-CRP thresholds were used.

Unlike the previous published studies [14-17], we 
found a moderate correlation between DAS28-ESR and 
DAS28-CRP whatever the type of formula used to com-
pute the disease activity score. This result has no impact 
on the interchangeability between ESR and CRP since 
the strong correlation is not synonymous with concor-
dance. In 44.6% of our patients, the difference between 
DAS28-ESR and DAS28-CRP was greater than measure-
ment error (> 0.6) that was lower to those reported 
by Tamhane (50.8%) [13] and Restrepo-Correa (58%) 
[16]. The corresponding value for comparison between 
DAS28-ESR-3 vs. DAS28-CRP-3 was 50% which was com-
parable to those found by Tamhane (47.2%) [13].

As reported previously, DAS28-ESR tends to overes-
timate the disease activity when compared with DAS28-
CRP measures [23]. We found that in 79% of cases, 
DAS28-ESR overestimated the disease activity when 
compared to DAS28-CRP, which was comparable to 
discrepant rates from Colombian study (76%) [16], and 
lower to those reported by Tamhane (93%) [13]. Addi-
tionally, our estimated weighted kappa for agreement 
was 0.39, which was comparable to those reported in 
Black African American patients (k = 40.5). Discordance 
between literature results may be explained by genetic 
background, study follow-up, patient’s characteristic, 
and health care systems.

https://doi.org/10.23937/2469-5726/1510084


ISSN: 2469-5726DOI: 10.23937/2469-5726/1510084

Traoré et al. J Rheum Dis Treat 2020, 6:084 • Page 7 of 10 •

Funding
This research did not receive any specific grant from 

funding agencies in the public, commercial, or not-for-
profit sectors.

References
1.	 Scott DL, Wolfe F, Huizinga TW (2010) Rheumatoid arthri-

tis. The Lancet: 1094-1108.

2.	 Castrejón I, Dougados M, Combe B, Guillemin F, Fautrel 
B, et al. (2013) Can remission in Rheumatoid Arthritis be 
assessed without laboratory tests or a formal joint count? 
Possible remission criteria based on a self-report rapid3 
score and careful joint examination in the espoir cohort. J 
Rheumatol: 386-393.

3.	 Dougados M, Brault Y, Logeart I, van der Heijde D, Gossec 
L, et al. (2012) Defining cut-off values for disease activity 
states and improvement scores for patient-reported out-
comes: The example of the Rheumatoid Arthritis Impact of 
Disease (RAID). Arthritis Res Ther 14: R129.

4.	 Hensor EMA, Emery P, Bingham SJ, Conaghan PG, the 
YEAR Consortium (2010) Discrepancies in categorizing 
rheumatoid arthritis patients by DAS-28(ESR) and DAS-
28(CRP): Can they be reduced? Rheumatology 49: 1521-
1529.

5.	 Gaujoux-Viala C, Mouterde G, Baillet A, Claudepierre P, 
Fautrel B, et al. (2012) Evaluating disease activity in Rheu-
matoid Arthritis: Which composite index is best? A system-
atic literature analysis of studies comparing the psychomet-
ric properties of the DAS, DAS28, SDAI and CDAI. Joint 
Bone Spine 79: 149-155.

6.	 van der Heijde DM, van’t Hof MA, van Riel PL, Theunisse 
LA, Lubberts EW, et al. (1990) Judging disease activity in 
clinical practice in rheumatoid arthritis: First step in the de-
velopment of a disease activity score. Ann Rheum Dis 49: 
916-920.

7.	 van der Heijde DM, van’t Hof MA, van Riel PL, van Leeuw-
en MA, van Rijswijk MH, et al. (1992) Validity of single vari-
ables and composite indices for measuring disease activity 
in Rheumatoid Arthritis. Ann Rheum Dis 51: 177-181.

8.	 Prevoo ML, van Riel PL, van’t Hof MA, van Rijswijk MH, 
van Leeuwen MA, et al. (1993) Validity and reliability of joint 
indices. A longitudinal study in patients with recent onset 
Rheumatoid Arthritis. Br J Rheumatol 32: 589-594.

9.	 Prevoo ML, van’t Hof MA, Kuper HH, van Leeuwen MA, 
van de Putte LB, et al. (1995) Modified disease activity 
scores that include twenty-eight-joint counts. Development 
and validation in a prospective longitudinal study of patients 
with rheumatoid arthritis. Arthritis Rheum 38: 44-48.

10.	Aletaha D, Smolen J (2005) The Simplified Disease Ac-
tivity Index (SDAI) and the Clinical Disease Activity Index 
(CDAI): A review of their usefulness and validity in Rheu-
matoid Arthritis. Clin Exp Rheumatol 23: S100-S108.

11.	Madsen OR (2013) Agreement between the DAS28-CRP 
assessed with 3 and 4 variables in patients with Rheuma-
toid Arthritis treated with biological agents in the daily clinic. 
J Rheumatol 40: 379-385.

12.	Matsui T, Kuga Y, Kaneko A, Nishino J, Eto Y, et al. (2007) 
Disease Activity Score 28 (DAS28) using C-reactive protein 
underestimates disease activity and overestimates EULAR 
response criteria compared with DAS28 using erythrocyte 
sedimentation rate in a large observational cohort of rheu-
matoid arthritis patients in japan. Ann Rheum Dis 66: 1221-
1226.

To overcome this discrepancy between DAS28-ESR 
and DAS28-CRP, many authors suggested a new thresh-
old searching across different populations and areas. 
Therefore, we examined the predictive power for var-
ious DAS28-CRP measures on conventional DAS28-ESR 
threshold of 5.1 [21] and Castrejon threshold of 4.9 [2] 
to well classify patients in moderate or higher disease 
activity. The best trade-off DAS28-CRP value from the 
current study corresponding to DAS28-ESR value of 5.1 
(conventional) was 5.6, which was higher to the report-
ed value in Spain (4.35) [2]. In contrast, the sensitivity 
(93% vs. 85%) and specificity (96% vs. 81%) were lower 
in our study. In addition, except for the current study 
data-specific DAS28-CRP, we found a higher predictive 
power for DAS28-CRP than DAS28-ESR especially when 
DAS28-CRP without patient’s global VAS assessment 
and Tamhane [13] modified DAS28-CRP were used. 
These findings support the usefulness of CRP instead of 
ESR to evaluate disease activity in RA, because CRP is a 
direct measurement marker of inflammation, more sen-
sitive to change in inflammation, and easy to standard-
ize in a laboratory [24,25].

To the best of our knowledge, this is the first study 
to assess correlation and concordance between differ-
ent diseases activities scores in Black African patients 
treated for rheumatic disease from Guinea and Camer-
oon. Despite the use of the ACR/EULAR criteria [18,19] 
to assess disease activity and adapted statistical meth-
ods, the current study has a number of limitations. 
First, compared with the previous studies, our sample 
was too small which consisted of patients with long-
term disease duration at inclusion, making it impossible 
to show the concordance between remission and low 
disease activity, which is more important when treat-
to-target approach is considered. Second, we not able 
to assess influence of ethnicity or race on ESR, CRP or 
disease activity score, because these data were not re-
corded. Third, the current findings were not able to be 
generalizable in BA patients with RA possibly due to the 
population selection bias, since the study centers are 
not referral centers for PR management.

Conclusion
In conclusion, the current study provides informa-

tion on correlation and concordance between different 
disease activity scores in BA patients with RA. Moder-
ate correlation and major discrepancy found between 
DAS28-ESR and DAS28-CRP, suggests that these two 
markers were not interchangeable. Nevertheless, future 
large prospective multisite cohort studies are needed to 
validate thresholds for DAS28-ESR and DAS28-CRP in BA 
patients with RA to better adopt medical decisions.
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Table S1: Agreement between disease activity scores in 74 black African patients with RA. Bias, lower and upper limits of 
agreement are shown.

Bias (95% CI) Limits of Agreement
 Comparisons   Lower (CI) Upper (CI)
[A] DAS28-ESR and DAS28-CRP 0.58 (0.45   0.71) -0.55 (-0.77   -0.32) 1.71 (1.48   1.94)

[B] DAS28-ESR-3 and DAS28-CRP-3 0.61 (0.46   0.75) -0.62 (-0.87   -0.37) 1.83 (1.58   2.08)

[C] DAS28-ESR and Tamhane, et al DAS28-CRP -0.02 (-0.13   0.10) -1.04 (-1.24   -0.83) 0.99 (0.79   1.20)

[D] DAS28-ESR and study-specific DAS28-CRP 0.00 (-0.10   0.10) -0.88 (-1.06   -0.70) 0.88 (0.70   1.06)

CI: Confidence Interval; DAS: Disease Activity Score; ESR: Erythrocyte Sedimentation Rate; CRP: C-Reactive Protein.

     

Figure S1: Histogram of the difference scores; the differences in scores were distributed normally around the bias (0.58, 
0.61, -0.02, and 0.00).
DAS: Disease Activity Score; ESR: Erythrocyte Sedimentation Rate; CRP: C-Reactive Protein.
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Figure S2: Receiver Operating Characteristic (ROC) curves for various activity disease scores according to the conventional 
threshold (DAS28-ESR ≤ 5.1) and Castrejon threshold (DAS28-CRP ≤ 4.9) for moderate disease activity.
DAS: Disease Activity Score; ESR: Erythrocyte Sedimentation Rate; CRP: C-Reactive Protein; DAS28-CRP (orange line), 
DAS28-CRP-3 (olive line), current study data-specific DAS28-CRP adjusted for age and sex (green line), and DAS28-CRP 
Tamhane, et al. adjusted for age and sex (purple).
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