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Abstract
Objectives

Monitoring of disease activity using DAS28 is more effective than routine RA care, but the ESR measurement is time 
consuming. Alternative rapid ESR determination methods can be used but effects on DAS28 classification are unknown.

Methods
Alternative rapid ESR methods, including the Starrsed 30-minute mode and Alifax Roller Test-1TH, were compared to 
the Westergren method. Mean difference, limits of agreement (LoA) and intraclass correlation coefficients (ICC) were 

calculated. Based on these results, using a longitudinal design the percentage of DAS28 misclassification for the Alifax 
Roller Test-1TH was measured. 

Results
The Alifax showed acceptable ICCs, but LoA were large. ICC was 0.67 (0.56-0.76), LoA -43;34. The longitudinal study on 
the Alifax (n=125) showed an ICC of 0.93, a kappa of 0.61, but disease activity was misclassified in 26% of the patients. 

Use of the ESR from the previous visit resulted in comparable levels of misclassification.

Conclusion
ESR measured by automated analysers like Alifax show acceptable ICC but LoA are large compared to the Westergren 
ESR. The Alifax Roller Test-1TH is very rapid but DAS28 misclassification is considerable and even as large as when 

using the ESR of the previous visit.
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Introduction
Intensive monitoring of disease activ-
ity in patients with rheumatoid arthritis 
(RA) including settings goals and ad-
justing therapy accordingly has proved 
to be more effective than routine outpa-
tients care (1-4). The Disease Activity 
Score 28 (DAS28) (5-6) is a validated 
and frequently used tool to monitor dis-
ease activity (6). It is a composite score 
based on the number of tender and 
swollen joints (of 28 joints), the eryth-
rocyte sedimentation rate (ESR) and 
patient’s global assessment of disease 
activity or general health on a 100 mm 
visual analogue scale (VAS) (5). On the 
basis of validated cut-off points DAS28 
scores can be categorised into different 
levels of disease activity (ranging from 
remission, low, moderate and high dis-
ease activity) (5-8). 
Originally the DAS28 has been vali-
dated using the Westergren method (9), 
which takes at least 60 minutes. This 
hampers the use of the DAS28 in daily 
practice. Several options can be consid-
ered to reduce the time needed to de-
termine DAS28. First of all, automated 
rapid ESR analysers are available. These 
analysers provide an estimation of the 
Westergren ESR either by extrapolating 
from a shorter sedimentation time (for 
example ESR measured by Starrsed in 
30-minute mode) or measure the ESR 
in a different method, for example by 
means of density measurement with in-
frared reading of the dynamics of eryth-
rocytes (for example Alifax Roller Test-
1 TH). Other options include the use of 
the ESR of the previous visit, which is 
frequently done when the current ESR 
is missing, or ask patients to come for 
ESR measurements a few days in ad-
vance, but this requires an extra visit. 
Also a DAS28 based on C-reactive pro-
tein (CRP) can be calculated, but the 
gain in time is only limited compared 
to using the ESR measured by Starrsed 
in 30-min mode. Furthermore Cast-
rejón et al. showed that DAS28-ESR 
and DAS28-CRP are not fully equiva-
lent (10). Finally, other disease activity 
scores not using ESR as one of their 
components can be used, like for exam-
ple the CDAI, but since a considerable 
difference between the various scores 
was revealed further research seems 

warranted before using these indices in 
clinical practice (11-12). Feasible op-
tions at the moment are thus limited to 
the application of rapid ESR analysers 
or the use of the ESR of the previous 
visit.
Several automated ESR analysers are 
available nowadays, including the Ali-
fax Roller Test-1TH (13-15) with an 
analysis time of 3 minutes. Automated 
rapid ESR analysers have shown to have 
good agreement with the Westergren 
ESR in terms of intraclass correlation 
coefficient >0.80 (13-15). However, 
two aspects remain poorly addressed. 
Firstly, limits of agreement (LoA) can 
be large even with adequate intraclass 
correlation coefficient (ICC) (16). Sec-
ondly, as the contribution of the ESR on 
the DAS28 is a result of a natural log 
transformation, data on agreement be-
tween various methods on the basis of 
non-transformed ESR scores are not ad-
equate to study the impact on DAS28. 
Therefore, the influence of different 
ESR measurements on agreement and 
percentage of patients misclassified us-
ing the DAS28 is the most important 
variable to know before using these 
analysers, since this ultimately affects 
treatment decisions.
We therefore set out to determine the 
best alternative for determination of 
ESR to be used for DAS28 assessment 
in daily clinical practice, with emphasis 
on the proportion of patients being mis-
classified using the different methods.
 
Patients and methods
Study design and analysers
The study consists of three sub-stud-
ies. In the first two studies the ESR and 
LN(ESR) were measured in a cross-
sectional study design comparing ESR 
measured according to Westergren with 
ESR measured after 30 minutes and ex-
trapolated and with a rapid ESR analys-
er, namely the Alifax Roller Test-1TH. 
After this, a third longitudinal study 
was done to determine the agreement 
on the level of DAS28 classification be-
tween the Alifax Roller Test-1TH and 
ESR according to Westergren.
The Alifax Roller Test-1TH measures 
the sedimentation and aggregation ca-
pacity of erythrocytes via optical den-
sity. During 20 seconds the density is 
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measured a 1000 times, which then al-
lows an approximation of the ESR. The 
Alifax Roller Test-1TH requires less 
than three minutes to assess the ESR 
(Alifax S.p.A., Polverara, Italy). ESR 
according to Westergren was measured 
by Starrsed, which is an automated 
Westergren method (Mechatronics 
B.V., Hoorn, the Netherlands). This 
analyser also has an option to extrapo-
late 30-minute sedimentation values to 
60-minute Westergren values in a 30-
minute mode (30 minutes calculation 
method). 

Study I: Starrsed in 30 minutes 
compared to Westergren by Starrsed 
in a cross-sectional study design
The ESR was measured in patients with 
rheumatologic diseases (RA, Psoriatic 
arthritis (PsA) and spondylarthropa-
thies (SpA)) using the Westergren 
method via Starrsed (ESRWEST60) and 
compared to the Starrsed 30-minute 
mode (ESRWEST30). Mean difference 
with 95%CI, Bland and Altman analy-
ses and ICC were calculated before 
and after log transformation. In Bland 
and Altman analyses the 95% limits of 
agreement, estimated by mean differ-
ence ± 1.96 standard deviation of the 
differences, provide an interval within 
which 95% of differences between 
measurements by the two methods are 
expected to lie (16). 

Study II: Alifax Roller Test-1TH 
compared to Westergren by Starrsed 
in a cross-sectional study design
In a set of patients with rheumatologic 
diseases, the ESR was measured by the 
Alifax Roller Test-1 and compared to the 
60-minute Westergren method measured 
by Starrsed. The same statistical analy-
ses were done as in sub-study I. 

Study III: Alifax Roller Test-1 
compared to Westergren by Starrsed 
in longitudinal study design
The ESR was measured longitudinally 
in patients with RA who were treated 
with infliximab using the Alifax Roller 
Test-1TH and compared to the Starrsed 
according to the 60-minute Westergren 
method. A DAS28 was measured on 
several consecutive visits with time 
interval of 4-12 weeks when patients 

received infliximab. Disease activity 
was classified – using validated cut-off 
points – as remission when the DAS28 
was less than 2.6, as low when between 
2.6 and 3.2, moderate between 3.2 and 
5.1 and high when the DAS28 exceeded 
5.1 (7-8). The different ESR measure-
ments were used to calculate the DAS28 
and afterwards the mean difference in 
DAS28, LoA, ICC, unweighed kappa 
(DAS28 classification in a 4x4 table) 
and percentage of misclassification 
were calculated. Finally the same cal-
culations were done comparing DAS28 
using the Westergren ESR measured on 
the last visit to the DAS28 using current 
Westergren ESR.
It was also investigated what the agree-
ment was in classification of DAS28 
change of more than 1.2 between two 
consecutive visits. Hereto, patients 
were classified as improved >1.2, not 
changed, and worsened >1.2 using the 
two ESR measurement methods (Ali-
fax Roller Test-1TH and Westergren 60 
minutes) and a 3x3 table was made and 
kappa analyses were done.

Results
Study I: Westergren by Starrsed in 
30 minutes compared to Westergren 
by Starrsed in a cross-sectional study 
design
In 421 patients with various inflamma-
tory (RA, AS, SpA) rheumatologic dis-
eases ESR was measured with Starrsed 
in 60 and 30 minutes. There was good 
agreement in ESR values measured 
after 60 minutes and the extrapolated 
value after 30 minutes, shown by a 
mean difference in ESR of only 0.14 
mm/h (95%CI -0.31–0.59 mm/h). LoA 

were -9.4 and 9.7 mm/h. Furthermore, 
the ICC was 0.97 (95% CI 0.96–0.98). 
After 0.7*log transformation the mean 
difference was even less, -0.01 (95%CI 
-0.03–0.02) and the LoA were -0.47 
and 0.45. The ICC was 0.93 (95%CI 
0.92–0.94) (Table I). 

Study II: Alifax Roller Test-1TH 
compared to Westergren by Starrsed 
in a cross-sectional study design
In 125 patients with various inflamma-
tory rheumatologic diseases the mean 
difference in ESR between Wester-
gren and Alifax Roller Test-1TH was 
-4.4 mm/h (95% CI -7.8–1.0 mm/h). 
The ICC between Alifax Roller Test-
1TH and Westergren was 0.67 (95% 
CI 0.56–0.76). The LoA between the 
different methods were -42.6 to 33.8. 
After 0.7*log transformation the mean 
difference between Westergren and Ali-
fax Roller Test-1TH was -0.01 (95% CI 
-0.12–0.10).The ICC between Wester-
gren and Alifax Roller Test-1TH was 
0.74 (0.65–0.81). The LoA were -1.27 to 
1.25 after log transformation (Table I).

Study III: Alifax Roller Test-1TH 
compared to Westergren by Starrsed 
in longitudinal study design 
One hundred and twenty-five patients 
with RA treated with infliximab were 
included. The group consisted of 86 
women and 39 men, and their average 
age was 59 years (SD 12). DAS28 at in-
clusion was 3.6 (SD 1.1) and ESR val-
ues ranged from 2 to 120 with both ana-
lysers. The mean difference in ESR was 
15.1 and LoA were between -18.2 and 
48.4 (see Fig. 1). The mean difference 
in DAS28 between the two methods 

Table I. Mean difference, LoA and ICC of ESR measured by Starrsed in 30 minutes and 
Alifax Roller Test-1 compared to the ESR measured by the Westergren method (sub study 
I and II).

                       Mean difference (95% CI)                  LoA                       ICC
 
 Untransformed 0.7*Ln Untransformed 0.7*Ln Untransformed 0.7*Ln

ESRWEST60 vs. 0.14 -0.01 -9.4 ; 9.7 -0.47 ; 0.45 0.97 0.93   
ESRWEST30 (n=421) (-0.31– 0.60)  (-0.03 – 0.01)    (0.96-0.98) (0.92-0.94)

ESRWEST60 vs. -4.4 -0.01 -43 ; 34 -0.98 ; 0.87 0.67 0.74   
Alifax (n=125) (-7.8– -1.0)  (-0.09 – 0.07)    (0.56-0.76) (0.65-0.81)
   
LoA: limits of agreement; ICC: Intraclass Correlation Coefficient; ESR: Erythrocyte sedimentation 
rate; ESRWEST60: ESR measured by Westergren method in 60 minutes; ESRWEST30: ESR measured by 
Westergren method in 30 minutes and extrapolated to 60 minutes; 95% CI: 95% confidence interval. 
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was 0.29 (SD 0.28), with LoA between 
-0.27 and 0.85 (see Fig. 2). The ICC in 
DAS28 was 0.93 (95% CI 0.71-0.97). 
The kappa was 0.61 and of all patients 
26% were misclassified, with a slight 
tendency towards overestimation of the 
disease activity (Table II).
The DAS28 based on the Westergren 

ESR of the preceding visit had a mean 
difference of -0.07 (SD 0.31) compared 
to the current Westergren. LoA were -
0.69 to 0.55. ICC, kappa and percent-
age of misclassification were 0.96, 0.68 
and 22% respectively, and results were 
comparable to values found using the 
Alifax Roller Test-1TH (Table II).

When the patients were categorised   
according to change in DAS28 between 
two consecutive visits, change was mis-
classified in 9.6% of the patients with a 
kappa of 0.63. The relatively low per-
centage of misclassification compared 
to the modest kappa was caused by a 
low incidence of DAS28 change: 81% 
of the patients did not have a change in 
DAS28 exceeding -1.2 or 1.2 accord-
ing to both ESR measurement methods 
(Table III). 

Discussion
The ESR measured by analysers like 
Alifax Roller Test-1TH compared to 
Westergren indeed demonstrated an 
acceptable intra-class correlation coef-
ficient (13-15). Limits of agreement, 
however, were very large and a con-
siderable percentage of patients were 
misclassified in DAS28 disease activity 
level, thus not even outperforming the 
use of the ESR of the previous visit. To 
see if the initial misclassification of the 
ESR measured by Alifax Roller Test-
1TH could be eliminated two correction 
algorithms were used (data not shown). 
First the ESR was corrected for the ra-
tio between ESR measured on the pre-
ceding visit by Alifax Roller Test-1 and 
Westergren. The second correction in-
cluded the use of individual regression 
analyses to correct the Alifax Roller 
Test-1 ESR for the individual preceding 
measurements of two previous visits. 
Our data did not support the use of these 
correction algorithms since the propor-
tion of misclassification did not im-
prove. Furthermore significant change 
in DAS28 was also misclassified in 
nearly 10% of the patients. Misclassifi-
cation in change is lower than misclassi-
fication in absolute disease activity, but 
this overestimates the agreement since 
the proportion of patients with change 
in DAS28 exceeding 1.2 was low (81% 
of patients had no change in DAS28 of 
more than 1.2 between the two visits). 
This is illustrated by a moderate kappa 
0.6 despite low percentage of misclas-
sification. The Starrsed 30-minute ESR 
however appears to be a good alterna-
tive to the 60-minute measurement with 
small limits of agreement and a very 
good ICC. 
Internal validity of our study seems ade-

Fig. 1. Bland and Altman analysis of ESR measured by Starrsed and Alifax Roller Test-1. 

Fig. 2. Bland and Altman analysis of DAS calculated with ESR measured by Starrsed and Alifax . 
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quate. The groups were adequate in size, 
as witnessed by the small confidence 
intervals on all measures. The third sub-
study was performed in a longitudinal 
cohort of 125 RA patients, representa-
tive for RA patients in daily clinical 
practice. Ideally all ESR measurement 
techniques could have been used in the 
last experiment, however this was not 
possible due to practical reasons, such 
as conversion and calibrating issues 
when using simultaneously the Starrsed 
in 30 and 60-minute mode. However, 
the use of several different ESR values 
(Westergren 60-minute and 30-minute 
mode, Alifax and previous visit Wester-
gren) and different analyses techniques 
(ICC, LoA, DAS28 misclassification, 
DAS28 change misclassification) re-
main strong points of our study. 
In addition to showing that the Alifax 
is not superior for daily clinical use to 
determine the DAS28 than use of the 
ESR of the previous visit, our data un-
derscore the notion that to investigate 
the influence of the method used for 
ESR determination on the DAS28, it is 
not enough to only use correlation and 
kappa statistics. The percentage of mis-
classification can be substantial even 
when ICC and kappa seem adequate, 
as demonstrated by the LoA. These 
differences between the methods used 

to determine the test characteristics of 
a test strongly support the need to in-
vestigate a test in the same way as it is 
used in daily practice. Another point of 
interest in the assessment of a new ESR 
measurement method is that any alter-
native should at least outperform the 
misclassification based on the ESR of 
the previous visit. Our results showed 
no difference between the performance 
of the Alifax Roller Test-1TH and the 
use of the ESR of the previous visit.
Some points of discussion remain. For 
example, the percentage of misclassifi-
cation would be smaller if the DAS is 
calculated instead of the DAS28, since 
the relative contribution of the ESR is 
smaller in this calculation. However, 
the DAS is more extensive and there-
fore more time consuming. A second 
argument that can be made in favour for 
the use of rapid ESR analysers could be 
that it is only relevant to classify pa-
tients in low and non-low (moderate 
and high) disease activity. Although 
this also would reduce misclassification 
(from 26% to 15% in our study), this 
would hamper the measurement of re-
mission, which is the future goal of RA 
therapy. Thirdly, all validation work on 
the DAS(28) has originally been done 
using the ESR according to the Wester-
gren, either by hand or automated us-

ing the Starrsed (personal communica-
tion). This supports our choice for the 
Starrsed as gold standard, but DAS28 
validation can of course be repeated 
using other methods as well. Finally, 
we’ve focused on the influence of dif-
ferent ESR measurement in DAS28 
misclassification, but random or sys-
temic errors in measuring the other 
components of the DAS28 can also 
cause misclassification and the mag-
nitude of these errors in clinical prac-
tice are thus far not fully known. Also, 
other rapid ESR measurement methods 
might become available in the future, 
and their influence on DAS28 misclas-
sification may be more acceptable.
Only one other study concerning this 
subject has been published. Levitus et al 
also investigated the influence of ESR 
measurement by Alifax Roller Test-
1TH on disease activity classification 
in patients with rheumatoid arthritis 
(17). Comparable – though somewhat 
smaller – percentages of misclassifica-
tion were found (11% vs. 15%) when 
disease activity was classified in two 
levels. Their study, however, did not 
– amongst other things – include the 
use of other ESR methods like Starrsed 
30-minute mode and previous ESR, did 
not use longitudinal data and also did 
not assess misclassification of change 
in DAS28 (17).
In conclusion, it is important to real-
ise according to which method ESR is 
calculated in clinical practice since it 
substantially affects the validity of the 
DAS28, the use of which is advocated 
by guidelines (18-20). Alifax Roller 
Test-1TH is – though used in many 
laboratories – has shown to be not suit-
able for this purpose.
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