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Background: Measurement of the length of sedimentation reaction in blood (LSRB), 
also called erythrocyte sedimentation rate (ESR), is a widely used hematology test. 
This study intends to compare ESR levels measured by Test-1 method and International 
Council for Standardization in Hematology’s (ICSH) reference method, and analyzes 
the effect of hematocrit (Hct) on ESR results.
Material and Methods: A total of 755 patients from 2 hospitals were included in the 
study, and samples with EDTA were studied by Test-1 method for ESR measurement 
and total blood count, whereas citrated samples were studied with reference 
Westergren method. Then, 2 methods were compared. Distribution of ESR results ac-
cording to the ESR(≤20, >20 mm/h) and Hct(≥35%, <35%) levels and hospital type was 
analyzed. ESR levels with Hct levels<35% were corrected with Fabry’s formula.
Results: The mean and SD values for the Test-1 method, reference Westergren 
method, and corrected ESR measurement were 21.30 ± 18.39, 28.59 ± 25.82, and 
24.92 ± 20.58 mm/h, respectively. Within the whole group, the correlation coefficient 
(r) was .77 (.7-.80) with a significance level P < .001. Passing-Bablok regression analy-
sis of the methods resulted in a regression equation y = 1.00 (95% Cl: 0.43-1.88) + 0.75 
(95% Cl: 0.70-0.78)x while the significance of linearity was acceptable (P < .01). All 
subgroup linear regression analyses revealed that the correlation was acceptable, ex-
cept ESR > 20 mm/h group, Hct < 35% group, and corrected ESR group (significance 
level were P > .10).
Conclusion: The study showed that the role of the hospital and the capacity of testing 
are important in choosing the instrument for measuring ESR. Furthermore, the patient 
profile, especially malignancy possibility and Hct level, may be important for instru-
ment selection.
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1  | INTRODUCTION

Measurement of the length of sedimentation reaction in blood (LSRB), 
also called erythrocyte sedimentation rate (ESR), is a common, cheap, 

widely used, and practical hematology test.1,2 Despite the widespread 
use of ESR in clinical practice, it is a nonspecific test parameter which 
increases in several disease groups, especially in infection, inflamma-
tory diseases, and malignancy.1,3,4 Although ESR is a nonspecific test, 
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its level is important for diagnosis and follow-up of rheumatoid arthri-
tis, temporal arteritis, and polymyalgia rheumatic disease.4-7 Higher 
ESR levels are also found in anemia and with increased fibrinogen, α-2 
macroglobulin, and plasma protein (Immunoglobulin M) levels, and its 
level is affected by physiological conditions such as age, gender, and 
the possibility of pregnancy.8,9

Red blood cells’ sediment in a period of 1 hour has 3 phases. The 
first phase is falling of the single red blood cells and then red cells’ 
forming stacks called rouleaux, which settle faster. The second phase 
is falling of rouleaux and aggregates, and the last step is cell pack-
ing. When an inflammatory process is present, the high proportion 
of fibrinogen in the blood causes red blood cells to stick to each 
other.4,8,9 To analyze ESR, International Council for Standardization in 
Hematology (ICSH) recommends the Westergren method as the ref-
erence method.10,11 To perform the test, anticoagulated blood is tra-
ditionally placed in an upright tube, known as a Westergren tube, and 
the rate at which the red blood cells fall in an hour is measured and 
reported in mm/h.

The Westergren method is not practical in clinical laboratory as 
it takes long to run, needs large volumes of specimen, and has safety 
risks. In recent years, several new techniques which use different 
methods and sample types to measure ESR have been developed. 
Since the introduction of automated analyzers into clinical laboratory, 
the ESR test has been automatically performed. These close systems 
were safer for the laboratory operators and allowed for studying with 
1 type of sample in several systems. They also decreased the amount 
of blood sample that is taken from patients.7,12 One of these systems 
is Test-1 method, which studies with photometric method and uses 
samples with EDTA.

This study aims to compare the ESR levels measured with Test-1 
method and ISCH’s reference method (Westergren). It also investi-
gates the higher ESR results measured by the 2 methods and the ef-
fect of hematocrit (Hct) levels on ESR results.

2  | MATERIALS AND METHODS

2.1 | Subjects and blood samples

Patients, who had the ESR and complete blood count test request, 
were scheduled for the study. After taking the informed consent from 
the patients, blood was collected in 3-mL EDTA tubes (K2E 5.4 mg, 
BD Vacutainer, Plymouth, UK) and citrated tubes (0.105 mol/L so-
dium citrate; 1 BD Vacutainer® Seditainer™ Glass tube with Black 
Conventional Closure) under standardized conditions. This study 
was approved by Kecioren Education and Research Hospital Ethics 
Committee. The blood samples were obtained from 2 hospitals 
(Kecioren Education and Research Hospital [Hospital A] and Dr 
Abdurrahman Yurtarslan Oncology Education and Research Hospital 
[Hospital B]). The blood samples were analyzed in their own Clinical 
Chemistry Laboratories. Hospital A is a general hospital which has 300 
beds for inpatients and 1 120 000 polyclinics per year for outpatients. 
Hospital B has 600 beds and is equipped to treat medical, surgical 
oncology, and bone marrow transplantation patients. Totally, 833 

samples were collected from the patients, but 78 were rejected due 
to the clotting. Pregnant patients and patients under age 18 were not 
included in the study. A total of 275 patient samples were collected 
from Hospital B and 480 were from Hospital A.

In both hospitals, samples with EDTA were studied by Test-1 
method (Alifax; Test-1-THL, Padova, Italy). The complete blood counts 
were performed by hematology analyzers in Hospital B (Advia Centaur 
2120; Siemens, Munich, Germany) and in Hospital A (LH 780; Beckman 
Coulter, Miami, USA). Citrated samples were studied with reference 
Westergren method (BD SeditainerTM Manual ESR Stand; BD).

Totally, 755 paired blood samples were compared with each other, 
and the ESR results distributed as follows:

•	 According to ESR levels, the samples were divided into 2 groups: 
395 samples in Group I with ESR levels ≤20 mm/h, and 360 sam-
ples in Group II with ESR levels >20 mm/h. Both subgroups were 
compared with each other to determine the effect of the ESR level 
on the method type.

•	 According to Hct levels, samples were divided into 2 groups: 624 
samples in Group I with Hct levels ≥35%, and 131 samples in Group 
II with ESR levels <35%. ESR levels were corrected using Fabry’s 
formula (corrected ESR = measured ESR × 15 / [55-Hct]) for the 
samples whose Hct levels were <35% (Group II).8 Statistical analy-
ses were performed after required corrections.

•	 According to hospital (2 groups), Hospital A had 480 samples while 
Hospital B had 275 blood samples.

2.2 | Method descriptions

2.2.1 | Reference Westergren method

The citrated blood was mixed manually. Samples were placed into 
the sedimentation measurement stand (BD Seditainer™ Manual ESR 
BD) according to the ICHS’s guideline recommendations, which has 
200-mm scale. One hour later, ESR was measured in mm. When the 
Hct level <35%, Fabry’s formula was used. One hundred and thirty-
one ESR levels, which had Hct level <35%, were corrected with this 
formula.

2.2.2 | Test-1 method

Blood samples with EDTA were studied in Test-1 device according to 
the instruction. The blood samples were mixed slowly for 120 seconds; 
then, 150 μL of blood samples was transferred to the capillaries that 
are kept at 37°C. Aggregation and sedimentation capacity of erythro-
cytes were measured photometrically at 950-nm wavelength.13

2.3 | Statistics

The results were statistically analyzed using SPPS version 13.0 soft-
ware (Chicago, IL, USA). Summary statistics of each parameter were 
reported in mean ± standard deviation (SD). The Pearson test was 
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used for the correlation. Passing-Bablok linear regression analysis was 
used to compare ESR values, and Bland-Altman analysis was also per-
formed to evaluate bias and 95% CI limits of agreement.14 Differences 
between dependent groups were examined with paired t test, where 
statistical significance level was accepted as P < .05.

3  | RESULTS

Of the 755 patients (mean age 50.27 ± 16.9 years old), 363 were 
men and 391 were women. The mean age of men and women were 
48.84 ± 16.65 and 51.53 ± 17.09, respectively. The overall mean Hct 
level was 40.06 ± 5.96%, while Hct levels of 131 samples were <35% 
(mean ± SD levels: 30.47 ± 4.06%); the Hct levels of the remaining 
624 ESR samples were ≥35% (mean ± SD levels: 42.07 ± 4.05%). 
Hct levels of samples (480 patients) obtained from Hospital A and B 
were 41.62 ± 5.12% and 37.32 ± 6%, respectively. The mean ESR lev-
els measured by each method were given in Table 1. As regards the 
method used, Paired t test (P < .05) revealed no significant differences 
between the groups. Figure 1 presents the box-and-whisker graphic 
distribution of each method. ESR Levels with Westergren method 
were higher than those with the Test-1 method. However, corrected 
ESR levels were lowered with Fabry’s formula and getting similar to 
Test-1 method (Figure 1).

Within the whole group, the correlations were comparable and 
correlated with each other. The correlation coefficient (r) was .77 (.74-
.80) with a significance level P < .0001 (Figure 2). Passing-Bablok re-
gression analysis between methods resulted in a regression equation 
y = 1.00 (95% CI: 0.43-1.88) + 0.75x (95% CI: 0.70-0.78), and the sig-
nificance of linearity was acceptable (P < .01). The Bland-Altman plots 
between 2 groups were shown in Figure 3. Bland-Altman data analysis 
showed no systemic bias, and 95% of all samples fell into the limit of 
agreement.

Owing to the factors influencing the results of ESR, a subgroup 
analysis was performed, in which 755 samples were created accord-
ing to the methods, ESR levels (ESR ≤ 20 mm/h, ESR > 20 mm/h), Hct 
levels (Hct ≥ 35%, Hct < 35%), and hospital role. Method comparison 
results of the whole group and subgroups are shown in Table 2. An 
analysis of the subgroups obtained from ESR levels demonstrates that 
although Test-1 ESR levels (mean ± SD 9.68 ± 6.58 mm/h) were lower 

than those of the Westergren method (mean ± SD 9.10 ± 5.51 mm/h), 
there is good concordance with respect to clinical interpretation in 
ESR ≤ 20 mm/h (r = .61, P < .01). A lower correlation was seen in the 
ESR>20 mm/h group (r = .56, P > .10). Between these 2 groups, the 
lowest difference was seen in the group that had ESR levels ≤20 mm/h 
(r = .61, P < .01).

Investigation of the ESR results according to Hct level showed that, 
in the Hct < 35% group, the mean value of samples with Westergren 
method, Test-1 method, and corrected ESR was 54.084 ± 31.6, 
35.41 ± 22.91, and 33.05 ± 17.7 mm/h, respectively. On the other 
hand, the mean ESR levels for Westergren method and Test-1 method 
were 23.42 ± 20.73 and 18.34 ± 15.79 mm/h, respectively in the 
Hct ≥ 35% group. For these 3 groups, the number of samples, correla-
tion coefficients, and method comparison results are shown in Table 2. 
After applying Fabry’s formula, corrected ESR group’s correlation 
was getting strong, but the significance level was still unacceptable 
(r = .54, P > .10). Hct < 35% group showed a poor agreement between 
the 2 methods with a slope of the Passing-Bablok curve similar to 
ESR > 20 mm/h (P > .10) (Table 2).

The ESR results according to hospital type revealed that, in Hospital 
A, mean ESR levels with Westergren method and Test-1 method were 
23.86 ± 21.92 and 21.08 ± 17.25 mm/h, respectively. The mean ESR 
levels with Westergren method and Test-1 method, in Hospital B, 
were 36.85 ± 29.78 and 21.70 ± 20.26 mm/h, respectively. Table 2 
presents the number of samples, correlation coefficients, and method 
comparison results pertaining to the 2 hospitals.

In all groups, the strongest correlation was seen in Hospital A 
(r = .85, P < .01), while the weakest correlation was in the Hct < 35% 
group(r = .54, P > .10). Although Test-1 ESR readings were on average 
lower than those of the Westergren method, a good concordance with 
respect to clinical interpretation was found (Table 2, Figures 1 and 2) 
More particularly, discordant results were only found when ESR read-
ings were high in combination with corrected ESR (Hct < 35%). In the 
linear regression analysis, these 2 groups’ (ESR > 20 mm/h, Hct < 35%) 
significance levels were unacceptable (P > .10).

4  | DISCUSSION

ESR is a simple, inexpensive, and practical test which is commonly 
used all over the world in the diagnosis and follow-up of inflamma-
tory diseases, infection, and malignancy. Although this test has high 
sensitivity, its specificity is low.15 ESR test result is affected by the 
red blood cell concentration, hematocrit level, plasma viscosity, and 
plasma proteins including fibrinogen, albumin, and globulins.2,4,8,16 
Although ICSH suggests Westergren method as a reference method 
for ESR, this method has disadvantages as to the low hematocrit lev-
els, and needs longer time and large amount of specimen to run.2,4 
As the Westergren method overestimates ESR in samples with low 
Hct, using Fabry’s formula has been recommended to correct ESR 
measurement.2,8

With technological innovations, Test-1 generates fast, reliable 
results and uses the EDTA samples to measure the ESR levels. This 

TABLE  1 Evaluation of ESR measurement mean and SD values 
for the Test-1 method, reference Westergren method, and corrected 
ESR measurement

Parameter Mean ± SD 95% CI

Test-1 method (mm/h) 21.30 ± 18.39 19.99-22.62

Westergren method 
(mm/h)

28.59 ± 25.82 26.74-30.43

Corrected ESR (mm/h) 24.92 ± 20.58 23.45-26.39

%, percentage; SD, standard deviation; CI, confidence interval; ESR, eryth-
rocyte sedimentation rate.
Values were given as mean ± SD with 95% Cl. Paired t test (P < .05) re-
vealed no significant differences between the groups.
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system has another advantage in that it is not influenced by the hema-
tocrit level, plasma viscosity, and plasma proteins,16 whereas at higher 
ESR levels, the Test-1 instrument showed slight deviation from the 
reference method.16,17

The present study pointed to a good correlation between the 
Test-1 instrument and the reference Westergren ICHS method ESR 
measurements. Recent studies also found similar results about the 
differences between the 2 methods.2,4,7,18 Similarly, they showed 
the Test-1 ESR values were lower than the Westergren values. This 
study also showed that with the low Hct (<35%), ESR levels were 
higher with the reference Westergren method and showed poor 
correlation as in previous studies.2 After applying Fabry’s formula, 
the corrected Westergren ESR results turned out to have a stronger 
correlation with the Test-1 results, but still, the significance value P 
was >.10. These findings are similar to those of studies conducted 
by Cha et al18 and Romero et al2 These researchers, similarly, found 
that the differences between Test-1 and corrected Westergren 

values were smaller than differences between TEST 1 and noncor-
rected Westergren values.

When the entire group was divided according to the Westergren ESR 
levels, poor correlation with Test-1 was observed(r = .61, P > .10) with 
the higher ESR results (>20 mm/h). Moreover, with regression analysis, 
the Test-1 instrument results showed negative deviation. Haderman 
et al also published the possibility of the low results with Test-1 device 
due to the incomplete disaggregation at the start of the measurement 
for the higher ESR levels.16,17 In these studies, they reported that, in 
order to avoid this condition, before studying with the Test-1 instru-
ment, mixing the specimen is important to obtain accurate results.16,17 
Romero et al found that the ESR levels over 55 mm/h. had no significant 
bias, but the limit of agreement was too wide for the clinical acceptance 
and suggested that, at higher ESR levels, these 2 methods cannot be 
used interchangeably.2 In the present study, the correlation significance 
level was P > .10 in the group that had ESR levels >20 mm/h group.

When 2 hospitals were compared, the correlation of ESR re-
sults in Hospital B (oncology hospital) was poor as expected, due 
to higher ESR and lower Hct levels because most patients had ma-
lignancy in this hospital. After correction of Westergren ESR re-
sults with Fabry’s formula, better correlation was observed within 
the hospitals according to Hct level. Cha et al found similar results 
with 189 samples and 3 Test-1 devices in 3 hospitals when they 
did comparison according to the reference Westergren method.18 
Our findings are in accordance with Cha et al’s study as Test-1 in-
strument proved more suitable than Westergren method in patients 
with malignancy. On the other hand, in another study involving 680 
patients, Haderman et al16 reported a slight deviation at higher ESR 
levels (60 m/h) as also seen in our study. Thus, while using Test-1 
instrument, operators should be aware of deviation at high ESR lev-
els due to the disaggregation and the short duration time period of 
measurement.2,16,17 Cha et al found that ESR levels with Westergren 

F IGURE  1 Box-and-whisker graph of all 
erythrocyte sedimentation rate (ESR) levels 
obtained from Westergren method, Test-1 
method, and corrected ESR levels with 
Fabry’s formula
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F IGURE  2 Overall linear regression graphs
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method were higher than Test-1 method, especially in samples with 
Hct < 35%. Cha et al and Romeola stated that Westergren method 
overestimates ESR in samples of low Hct.2,18

In conclusion, the role of the hospital and the capacity of testing 
are important in choosing the instrument to measure ESR. In addition, 

patient profile especially possibility of malignancy and Hct level may 
be critical for the instrument selection. For emergency and routine 
clinical laboratories that have huge workload, Test-1 instrument will be 
a suitable choice, provided that the deviation of higher ESR is consid-
ered. On the other hand, the reference Westergren method is suitable 

F IGURE  3 Bland-Altman plot of total erythrocyte sedimentation rate levels with Westergren method and Test-1 method. In the group, a 
good agreement between the Westergren method (x) and the TEST 1 (y) was found with a regression equation of the Passing-Bablok method 
comparison of y = 1.00 + 0.75x while the significance of linearity was acceptable (P < .01). (95% confidence interval [CI] slope was 0.43-1.88 and 
intercept was 0.70-0.78)
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TABLE  2 Comparison of erythrocyte sedimentation rate (ESR) measured with Westergren method and Test-1 method and subgroups (ESR 
[≤20, >20 mm/h], Hct [<35%, ≥35%] levels, and hospital type [Hospital A-B])

Group n r Bias 95% CI Difference
Limits of 
agreement P

Total 755 .77 1 0.43-1.88 7.3 24.6-39.2 (<.01)

ESR ≤ 20 (mm/h) 395 .61 −0.88 0.00-2.00 0.4 −10.3-11 (<.01)

ESR > 20 (mm/h) 360 .56 −3.14 1.30-6.50 14.9 −25-54.7 (>.10)

ESR with Hct < 35% 131 .54 −0.64 4.93-5.21 18.7 34.6-71.9 (>.10)

Corrected ESR With 
Hct < 35%

131 .64 −2.22 1-8.20 7.5 −26.6-41.5 (>.10)

ESR with Hct ≥ 35% 624 .83 1.03 0.35-1.50 4.9 −17.8-27.6 (<.01)

Hospital A 480 .85 1.38 0.95-2.20 25.6 −67.4-16.2 (<.01)

Hospital B 275 .74 −0.75 −1.92-0.57 15.2 −25-54.3 (<.05)

P value of <.05 was considered statistically significant.
Bold values mean statistical significance.
The table shows the number of the data, correlation, bias, difference and limit of agreement, and the significance level.
In all groups, the strongest correlation was seen in Hospital A, while the weakest correlation was in the Hct <35% group. Discordant results were found in 
these two groups’ (ESR>20mm/hr, Hct<35%) significance levels were unacceptable. After applying Fabry’s Formula, Corrected ESR group’s correlation was 
still unacceptable.
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for other laboratories. As the low Hct has the risk of overestimating 
the ESR measurement with reference Westergren method, correcting 
the ESR results with Fabry’s formula should not be neglected.
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