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Abstract

Objective: Disease activity indices for rheumatoid arthritis (RA) are important in clinical practice and
research. Although they are closely correlated, they are not in good agreement. We derived formulae
to convert values from one of the four 28-joint count indices (disease activity score using erythrocyte
sedimentation rate [DAS28-ESR], disease activity score using C-reactive protein [DAS28-CRP], clinical
disease activity index [CDAI], and simple disease activity index [SDAI]) to any of the others.

Methods: We obtained data from 175 patients from our RA registry with concurrent CRP and ESR
and established the nature of relationships between the indices using these data. Subsequently, we
developed empiric conversion formulae. Furthermore, we developed new cutoff values for classifying
disease activity to minimize the disparity among indices, using an iterative method.

Results: The relationships between DAS28-ESR and DAS28-CRP and between SDAI and CDAI were
approximately linear; the others were quadratic. Quadratic equations approximated the relationship
between DAS, SDAI, and CDAI, whereas natural logarithms function approximated the relationship
between DAS28-ESR and DAS28-CRP. Patients are frequently categorized into inconsistent disease
activity states with any two indices, with the disparity ranging from 9.7% to 40.6%. The new cutoff val-
ues were developed to minimize the discrepant activity state categorization, reducing the disparity
range to 6.3%-32.6%.

Conclusion: We derived empiric formulae that connect DAS28-ESR, DAS28-CRP, SDAI, and CDAI. More-
over, we developed new cutoff values to minimize the discrepant activity state categorization with
different indices.

Keywords: Rheumatoid arthritis, Disease Activity Score, Clinical Disease Activity Index, Simplified Dis-
ease Activity Index

Introduction

Rheumatologists recognize that employing a composite index to monitor disease activity in rheumatoid
arthritis (RA) is better than using any single parameter (1). Composite indices are regarded as reliable rep-
resentations of disease activity, which are suitable for guiding the treatment. Several indices have been
proposed; however, the acceptance of a small convergent number in the past 20 years has paved the way
for large-scale trials of treatment strategies and innovative agents. The prototype index, disease activity
score (DAS), was introduced in 1990 (2). The components of DAS (tender joint count [TJC; 44-joint Ritchie
articular index], swollen joint count, erythrocyte sedimentation rate [ESR], and patient global assessment
[PGA]) are mathematically operated and weighted before summation to produce a numeric score. The
European League Against Rheumatism (EULAR) response criteria, incorporating DAS, were developed in
1996 (3). DAS was simplified to the reduced 28-joint count in 1995 (DAS28) (4). The formula for calculating
DAS28 using C-reactive protein (CRP) instead of ESR was published in 2003, with the intention of produc-
ing an equivalent score (5). As DAS can only be scored with dedicated handheld calculators, computer
algorithms, or online tools, simplified indices were developed, namely simple disease activity index (SDAI)
and clinical disease activity index (CDAI). Both SDAI and CDAI, employing the 28-joint count, are scored by
simple addition (6, 7).

SDAI, CDAI, and several forms of DAS have been well described individually (8). Recently, some authors
have pointed out that the agreement between indices is low and advised against using them interchange-
ably (9-12). In practice, as activity indices may be collected in different formats, it is useful to be able to
convert the disparate data to a uniform mode.
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This work seeks to understand the relation-
ships between DAS28-ESR, DAS28-CRP, SDA,
and CDAI, and subsequently develop formulae
to convert values from one index to another.

Methods

Patients

Our RA disease registry is a prospective outpa-
tient RA registry (13). In this study, we exam-
ined 175 patients who had both ESR and CRP
determined at the first study visit. This project
was carried out with the approval of the insti-
tutional review board of our institution. All par-
ticipants provided written consent.

Rheumatoid arthritis disease activity indices

In this study, we did not assess the 44-joint
count DAS because we only employed the
28-joint count version in our registry. We classi-
fied the patients into four disease states (remis-
sion, low activity, moderate activity, and high
activity) using each index and using cutoff val-
ues based on published criteria (14).

We computed the indices in the following

manner (14):

a) DAS28-ESR=(0.56 x VTJC) + (0.28 x VSJC) +
(0.014 x PGA [mm]) + (0.7 X In [ESR]),

b) DAS28-CRP=(0.56 x VTJC) + (0.28 x VSJC) +
(0.014 x PGA [mm]) + (0.36 X In(CRP in mg/
L+1) +0.96,

c) SDAI=SJC + TJC + PGA (cm) + EGA (cm) +
CRP (in mg/dL), and

d) CDAI=SJC +TJC + PGA (cm) + EGA (cm),

where EGA=evaluator global assessment;
ESR=erythrocyte sedimentation rate; PGA=pa-
tient global assessment; and SJC=swollen joint
count.

Before the introduction of the highly sensitive
assay for CRP, the lower limits of detection in
our laboratory were 5.0 and 3.5 mg/L at differ-
ent time points. In this cohort of 175 patients,
25 CRP values (14.29%) were below the detec-
tion limit. We imputed the data below the de-

o The relationship between DAS-ESR/DAS-
CRP and SDAI/CDAI is curvilinear rather
than linear. This relationship can be ap-
proximated by simple curves.

o We derived empiric quadratic equations
for converting scores in one activity in-
dex to other indices.

e The composite indices frequently assign
patients into incompatible disease ac-
tivity states; this may be ameliorated by
changing the cutoff values.

tection limit, or left-censored values, by divid-
ing the lower limit of detection by the square
root of 2 (15).

Statistical analysis

As it is not possible to derive closed-form ex-
pressions to convert indices from one to an-
other, we used the mathematical associations
behind six pairs of relationships to derive the
formulae and our patients’ empirical data to
determine the coefficients. We drew scatter
plots to describe the relationship between
each pair of indices. Furthermore, we calcu-
lated Pearson’s correlation coefficient, Spear-
man's Rho, and Kendall's Tau to assess the
strength of correlation. We used the curve-fit-
ting module in Excel 2003 to fit linear and qua-
dratic regression curves to the scatter plots.
Furthermore, we computed the Bland-Altman
plots and the two-way random effect model
intra-class coefficient (ICC) to determine the
level of agreement between the two pairs with
compatible scales: DAS28-ESR with DAS28-CRP
and CDAI with SDAI (16). We used the recom-
mended cutoff values to produce cross-tab-
ulation tables to categorize the patients into
activity states. The Kappa coefficient was used
to study the discrepancy in categorization. We
fitted randomly generated cutoff values to the
tables with over 1000 iterations to determine
those that produced the lowest discrepancy.
Statistical analysis was performed with Statis-
tical Package for the Social Sciences, version
17.0 (SPSS Inc; Chicago, IL, USA). The level of
significance was taken as 0.05.

Results

Patient characteristics

This study included 175 patients, of which 142
(81%) were female. The mean age was 48.2+13.0
years. The mean age at disease diagnosis was
47.2+13.1 years. There were 133 (76.0%) Chinese
individuals, 17 (9.7%) Malays, 23 (13.1%) Indi-
ans, and 2 (1.1%) who belonged to other eth-
nic groups. DAS28-ESR and DAS28-CRP scores
conformed to the normal distribution, whereas
CDAI and SDAI scores did not (data not shown).
The mean and standard deviation of DAS28-
ESR and DAS28-CRP scores are 4.28+1.53 and
3.76£137, respectively. The median and in-
ter-quartile range of CDAl and SDAl are 12.3 (6.9-
22) and 14.65 (8.15-24.73), respectively.

Overview of relationship between the indices

Table 1 summarizes the six pair-wise compari-
sons between the four indices. These correlate
well as evident from the high values of Pear-
son'’s coefficient and Spearman’s Rho; however,
these showed only moderate agreement be-
cause of low Kendall's Tau-b values. The scatter
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plots suggested that the relationship between
DAS28-ESR and DAS28-CRP and that between
CDAland SDAI are both linear, whereas the rest
are curvilinear.

Conversion between SDAI and CDAI

SDAIl is always larger than CDAI because SDAI
is the sum of CDAI and CRP. When CDAI and
SDAI have low values, we expect both CDAI
and SDAI to agree well. Moreover, when SDAI
increases, we expect CRP to also increase;
however, other components also constitute
a large proportion of the final score. Indeed,
CRP constitutes a progressively small pro-
portion of the SDAI as the latter increases in
value, from 27.6% in the lowest quintile to
15.0% in the second quintile, 12.5% in the
third, and 14.0% in the fourth, to 8.9% in the
highest quintile. Based on this reasoning, we
expect excellent agreement at the lowest and
highest values of CDAI and SDAI, and poor
agreement at the middle. The Bland-Altman
analysis showed that the mean difference
between SDAI and CDAI was 2.08, and only
5.71% of the values were outside the 95%
limits of agreement (Figure 1). Because of the
good agreement, SDAI and CDAI can be used
interchangeably. However, as the relationship
is U-shaped, and considering the slight dif-
ferences between CDAI and SDAI, quadratic
equations provide a reasonable way to con-
vert between the two indices:

CDAI~0.002 (SDAI)> +0.8157 SDAI + 0.0369
SDAI ~ -0.0019 (CDAI? + 1.1484 CDAI +
0.6242

Conversion between DAS28-ESR and DAS28-CRP
Therelationship between DAS28-ESR and DAS28-
CRP was also approximately linear. Nonetheless,
for any given DAS28-ESR, the corresponding
DAS28-CRP is generally low, except at the lowest
values (14, 17-22). The Bland-Altman plot (Figure
1) shows that the mean difference was 0.51, with
5.14% lying outside the 95% limits of agreement
(-0.50to 1.52). Anemia did not explain the dispar-
ity between ESR and CRP in our cohort (data not
shown). We found that these formulae provided
reasonable approximations:

DAS28-CRP ~ 1.1953e024870A28ER) (Figure 2);
DAS28-ESR ~ 3.3928Ln(DAS28-CRP) + 0.0254

Conversion between DAS28 and CDAI and SDAI

Clinical disease activity index can be expressed
as 3.18878(DAS28-ESR)?+ (0.75 x SJC) - (0.0625
X PGA?) + (1.5625 X [INESR]?) + 6.37756([0.1568
x VTJC x VSJC] + [0.0392 x VSIC x PGA] +
[0.196 x VSJC x InESR] + [0.0784 x VTIC x
PGA] + [0.392 x VTJC x InESR] + [0.098 x PGA
X INESR]) + PGA + EGA. Therefore, we fitted
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Table 1. Scatter plots with correlation coefficients showing the relationship between the four RA activity indices.

DAS28-ESR

o83
S

.

Pearson’s correlation coefficient
0.942, p<0.001

Spearman’s Rho

0.952, p<0.001

Kendall's Tau-b

0.818, p<0.001

DAS28-CRP

Xy,

Pearson’s correlation coefficient
0.876, p<0.001

Spearman’s Rho

0.916, p<0.001

Kendall’s Tau-b

0.751, p<0.001

Pearson’s correlation coefficient
0.918, p<0.001

Spearman’s Rho

0.946, p<0.001

Kendall’s Tau-b

0.809, p<0.001

CDAI

Pearson’s correlation coefficient
0.896, p<0.001

Spearman’s Rho

0.933, p<0.001

Kendall’s Tau-b

0.782, p<0.001

Pearson’s correlation coefficient
0.941, p<0.001

Spearman’s Rho

0.965, p<0.001

Kendall’s Tau-b

0.851, p<0.001

Pearson’s correlation coefficient
0.988, p<0.001

Spearman’s Rho

0.986, p<0.001

Kendall’s Tau-b

0.914, p<0.001

SDAI

The statistics shown are Pearson’s correlation coefficient, Spearman’s Rho, and Kendall’s Tau-b.
CDAII: clinical disease activity index; CRP: C-reactive protein; DAS: disease activity score; ESR: erythrocyte sedimentation rate; SDAI: simple disease activity index.

quadratic equations to our patients’ data and
obtained these formulae to approximate the
association between DAS28, CDAI, and SDAI:

CDAIl ~ 1.292(DAS28-ESR)? - 3.132(DAS28-
ESR) +4.705 (Figure 3);

CDAI ~ 1.572(DAS28-CRP)? - 3.091(DAS28-
CRP) +4.672;

SDAI ~ 1.260(DAS28-ESR)? - 2.150(DAS28-
ESR) + 3.40; and

SDAI ~1.499(DAS28-CRP)? - 1.661(DAS28-
CRP) +2.73.

Disease state categorization

Patients classified to be in remission by one
index may have low or even moderate activ-
ity by another index (Table 2). CDAI and SDAI
had the highest level of agreement (90.9%),
and the highest Kappa coefficient (0.8717) and
ICC (0.975). DAS28-ESR and DAS28-CRP had
the lowest level of agreement (62.3%) and the

lowest Kappa coefficient (0.456), whereas the
ICC remained high (0.882). Although absolute
values are similar, the agreement in categoriz-
ing into the disease states can be low. All other
pairs of indices had ICC values lower or equal
to 0.2, indicating poor consistency.

There are discrepancies in assigning DAS when
different scales are used (23). We generated ran-
dom values for the cutoff values, and selected
the set that produced the lowest disparity using
at least 1000 iterations (Table 3). For example,
for the pair of indices with the most discrep-
ant categorization, keeping the cutoff values
in DAS28-ESR constant and changing those in
DAS28-CRP, we reduced the discrepancy from
37.7% to 15.4% (22.3% reduction). As the new
criteria are derived from empiric data from our
patients, they should be used only locally. This
approach may be used in other populations to
generate specific sets of cutoff values.

Discussion

We examined the relationships between DAS28-
CRP, DAS28-ESR, CDAI, and SDAI and derived
formulae to convert values among them. While
CDAI may satisfactorily replace SDAI, DAS28-
CRP, and DAS28-ESR, although closely correlat-
ed, these cannot substitute for each other (24).
CDAl'and SDAI do not have a linear relationship
with DAS28-CRP and DAS28-ESR.

Many authors appreciate the linear correla-
tion between DAS28-CRP and DAS28ESR (10,
18, 21, 25, 26), whereas some highlight the
poor agreement between them (9, 19, 20, 22,
27). There are two additional features to note,
one because of the mathematical expression
and the other because of the association be-
tween ESR and CRP First, although DAS28-ESR
is slightly higher than DAS28-CRP for any giv-
en patient, at low disease activity, DAS28-CRP
must necessarily be higher than DAS28-ESR,
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Table 2. Agreement in categorizing RA disease activity scores between the indices.

R Lo Mo Hi R Lo Mo Hi R lo Mo Hi
DAS28-ESR 17 1 ™ 0 12 6" ™ 0 12 6 1* 0o R
19* 9 1™ 0" 7* 20 2*  0* 5% 23 1 0" Lo
4* 13* 59 1* 1™ 26 44 6 0 23* 50 4 Mo
0* 0* 26 24 0 O0* 13* 37 0 0% 19* 31 Hi
Kappa 0.456 (p<0.001) DAS28-CRP 20 20* o o 17 23 0* O R
ICC0.882 0* 18 50 0 19 4 0 Lo
(0.438,0.955) 0* 14* 54 19* 0* 10* 65 12* Mo
Agreement 62.3% 0* 0 1™ 24 0O 0* 2 23 Hi
Incompatibility 37.7%
Kappa 0.506 Kappa 0.538 CDAI 17 3 0 0 R
(p<0.001) (p<0.001) 0* 48 4* 0 Lo
ICC0.202 ICC0.190 0* 1 59 0 Mo
(0.055, 0.339) (0.043, 0.329) 0* 0* 8 35 Hi
Agreement 64.6% Agreement 66.3%
Incompatibility 35.4% Incompatibility 33.7%
Kappa 0.5215 Kappa 0.5887 Kappa 0.8717 SDAI
(p<0.001) (p<0.001) (p<0.001)
1CC0.194 ICC0.183 ICC0.975
(0.47,0.332) (0.36,0.323) (0.854,0.990)
Agreement 66.3% Agreement 70.9% Agreement 90.9%

Incompatibility 33.7%

Incompatibility 29.1%

Incompatibility 9.1%

*Patients categorized into incompatible categories by two indices. The Kappa coefficient, ICC with its 95% Cl levels of agreement, and percentage of
incompatibly classified patients are also shown. Cutoff values are based on published criteria (14).
CDAI: clinical disease activity index; Cl: confidence interval; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; Hi: high activity; ICC: intra-class
coefficient; R: remission; Lo: low activity; Mo: moderate activity; SDAI: simple disease activity index.
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Figure 1. a, b. Bland-Altman plots showing the agreement between SDAI and CDAI (a) and between DAS28-ESR and DAS28-CRP (b). Each point
represents a patient, displaying the difference in indices against the mean value of indices. The dotted lines represent the boundaries of the 95%
limits of agreement. Points within the boundaries are considered to agree well.
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Table 3. The boxes in the leftmost column show the original cutoff values. Keeping each index constant in turn (bold), the cutoff values are
optimized to minimize discrepancy. With each set of new cutoff values, the percentage of patients classified into discrepant disease states is also

shown.
Adjusted criteria
Original criteria DAS28-ESR DAS28-CRP CDAI SDAI
DAS28-ESR
Remission: <2.6 Remission: <2.0 Remission: <2.7 Remission: <3

Low activity: 2.6 t0 =3.2
Moderate activity: 3.2 t0 <5.1

High activity: >5.1

DAS28-CRP
Remission: <2.6 Remission: <3.24

Low activity: 2.6 t0=3.2

Moderate activity: 3.2 to <5.1 Moderate activity: 3.5t0 <5.8

High activity: >5.1 High activity: >5.8
Discrepancy: 18.9%
CDAI

Remission <2.8 Remission: <1.5
Low activity 2.8t0 <10
Moderate activity: 10 to =22
High activity >22 High activity: >5.4
Discrepancy: 32.6%
SDAI

Remission = 3.3 Remission: <1.4
Low activity 3.3to =11
Moderate activity: 11to <26
High activity >26 High activity: >5.42

Discrepancy: 26.9%

Low activity: 3.24t0<3.5

Low activity: 1.5t0=<3.6
Moderate activity: 3.6 to <5.4

Low activity: 1.4t0<3.5
Moderate activity: 3.5 to <5.42

Low activity: 2.0t0 <2.8
Moderate activity: 2.8 to =4.68
High activity: >4.68
Discrepancy: 15.4%

Remission: <7.3

High activity: >34
Discrepancy: 19.4%

Remission: <2.1

Low activity: 2.1t0=3.2
Moderate activity: 3.2 to <4.5
High activity: >4.5
Discrepancy: 26.9%

Remission: <1.3

Low activity: 1.3t0 =3.1
Moderate activity: 3.1to =4.5
High activity: >4.5
Discrepancy: 25.1%

Low activity: 2.7 to =8
Moderate activity: 8 to =27
High activity: >27
Discrepancy: 29.1%

Low activity: 7.3to =8

Moderate activity: 8 to <34

Low activity: 3to <8
Moderate activity: 8 to =30
High activity: >30
Discrepancy: 28.0%

Remission: <8.4

Low activity: 8.4t0<10.9
Moderate activity: 10.9 to <34
High activity: >34
Discrepancy: 20.6%

Remission: <5

Low activity: 5t0=10.5
Moderate activity: 10.5 to =24.5
High activity: >24.5

Discrepancy: 8.0%

Remission: <2.7

Low activity: 2.7 t0=9.5
Moderate activity: 9.5 to =23
High activity: >23
Discrepancy: 6.3%

CDAI: clinical disease activity index; CRP: C-reactive protein; DAS: disease activity score; ESR: erythrocyte sedimentation rate; SDAI: simple disease activity index.

because the smallest value of the expression
(0.36 X log (CRP + 1) + 0.96) is 0.96, whereas
that of (0.7 x logESR) is 0. Second, the unpre-
dictable relationship between ESR and CRP in-
troduces randomness (18, 28). Unlike CRP, ESR is
affected by other factors besides inflammation,
such as anemia, hypergammaglobulinemia,
and aging (29). In addition, ESR and CRP are
independently controlled by different genes
(CRT and CRP, respectively) (30-32). Rhodes et
al. (30) proposed the following equation to link
CRP and ESR, incorporating the genetic contri-
bution and recognizing the unpredictability:

logCRP = B0 + (B, X logESR) + (B, x logESR?) +
(B, x genotype) + error.

The relationship between the two forms of DAS
and SDAI/CDAI is complex. The fact that Pear-
son’s correlation coefficient between DAS and
CDAI is consistently above 0.7 does not prove
linearity (23, 25-27, 33). Similarly, the relationship
between DAS and SDAl is not linear (6, 7, 23, 26,
34). Shaver et al. (35) used LOESS regression to
fit a curve in the scatter plot of DAS and CDAI.
Consequently, SDAI and DAS do not classify dis-
ease activity states in a consistent way (10, 11).
As SDAI returns a higher DAS for a given patient
than DAS28 does, it means that fewer patients
will be classified as being in remission with it (24).

There are a number of shortcomings in this
project. The number of patients with simul-

taneous CRP and ESR readings was small. We
did not have data on follow-up visits as ESR
and CRP were not ordered simultaneously and
we could not study the implications of the dis-
crepancy on the EULAR response criteria. The
formulae derived from our patients’ data may
not apply to other populations; however, we
suspect that the variations would be minor. For
example, Fleischmann et al. (12) found that the
5.1 cutoff value for active disease with DAS28-
ESR was equivalent to 4.6 with DAS28-CRP,
which is relatively close to our finding of 4.68.

In conclusion, we derived formulae to convert
values from one index (DAS28-ESR, DAS28-
CRP, SDAI, or CDAI) to any of the others by
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DAS28-CRP

4.00

6.00 8.00 10.00

DAS28-ESR

Figure 2. The curve described by the equation DAS28-CRP ~ 1.1953e02470OA28ER0 3pproximates
the association between DAS28-CRP and DAS28-ESR.

CDAI

0 10 20 30

40 50 60 70 80

DAS28-ESR

Figure 3. The curve described by the equation CDAI=1.292(DAS28-ESR)? - 3.132(DAS28-ESR) +
4.705 approximates the association between DAS28-ESR and CDAI.

applying the curve-fitting method to actual
patient data. Using an iterative method, we
modified cutoff values to minimize classifica-
tion discrepancies between the activity indi-
ces. Investigators working with different pop-
ulations will have to validate these formulae
and values.
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