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Performance Evaluation of a Modified Version of the Norudia Glycated Albumin Assay
that Reduces Negative Interference
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Background: Glycated albumin (GA) is a biomarker of short-term glycemic status. Several cases of extremely low GA levels measured by Noru-
dia GA assay kits (Sekisui Medical Co., Ltd., Tokyo, Japan) were inconsistent with clinical status. This study evaluated the analytical performance of
the modified version of the Norudia GA that claims to have resolved the false negative issue.

Methods: Precision and linearity were evaluated following the guidance of the Clinical & Laboratory Standards Institute (CLSI) EP05-A3 and
EPO6-A, respectively. A comparison study was performed against the Lucica GA-L (Asahi Kasei Pharma Corporation, Tokyo, Japan) based on CLSI
EP09-A3.The temperature stability of GA was also assessed. The reference interval was verified following CLSI EP28-A3C.

Results: Coefficients of variation in the precision analysis were all acceptable. Linearity assessment demonstrated a coefficient of determination
(R? of 0.998. The comparison study showed a high correlation coefficient (r) of 0.973 relative to the Lucica GA-L. Stability analysis revealed GA
tended to increase with storage duration. The transference of the reference interval was verified. Negative interference was reduced in the modi-
fied version of the Norudia GA.

Conclusions: The modified version of the Norudia GA assay showed comparable performance in measuring GA as well as reduced interference
in samples that had shown false negative results with the original version of the Norudia GA. The modified assay may avoid negative interference
putatively caused by anti-oxidative agents in clinical laboratories using the original version of the Norudia GA assay.
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INTRODUCTION

Glycated albumin (glycoalbumin, GA) is a marker of glycemic

status of the previous two to four weeks, whereas HbAlc reflects

Corresponding author: Hyung-Doo Park, M.D., Ph.D.

1) https://orcid.org/0000-0003-1798-773X

Department of Laboratory Medicine and Genetics, Samsung Medical Center,
Sungkyunkwan University School of Medicine, 81 Irwon-ro, Gangnam-gu,
Seoul 06351, Korea

Tel: +82-2-3410-0290, Fax: +82-2-3410-2719, E-mail: nayadoo@hanmail.net

Received: June 23, 2023
Revision received: November 9, 2023
Accepted: December 11, 2023

This article is available from https://www.labmedonline.org

© 2024, Laboratory Medicine Online

€ This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

100 www.labmedonline.org

that of the previous one to two months [1, 2]. Compared to HbAlc,
GA reflects rapid changes in glycemic control and is not affected
by hematologic diseases [2]. While GA has been widely adopted in
Asian countries, its clinical significance in Caucasians was only re-
cently validated [3]. Our institute has been measuring GA with the
Norudia GA assay (Sekisui Medical Co., Ltd., Tokyo, Japan) since
2018. When using the original version of the Norudia GA, the re-
searchers noted certain cases with extremely low GA results in-
consistent with the glycemic status of the corresponding patients.
This phenomenon led to the development of a modified version
of the Norudia GA assay. This study evaluated the analytical per-
formance of the modified version of the Norudia GA assay
(Sekisui Medical Co., Ltd.) that aimed to resolve false negative re-

sults.
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MATERIALS AND METHODS

GA was measured with the modified version of the Norudia GA
assay using Cobas ¢702 (Roche Diagnostics International, Rotkreuz,
Switzerland). The Norudia GA assay is capable of measuring GA lev-
els from both serum and plasma, requiring approximately 10 min-
utes per test. Precision was evaluated following CLSI EP05-A3 [4]. Ac-
cordingly, two Norudia GA control materials (Lot 903RCT, Sekisui
Medical Co., Ltd.) with estimated GA levels of 13.2% and 31.0% and
one pooled serum sample with an estimated level of 20.0% were
used. The samples were measured in duplicate, twice daily, for 30
days to assess repeatability and within-laboratory precision. The goal
for imprecision was 2.6% or less, which is the allowed imprecision in
the Westgard database [3]. Precision was considered acceptable if the
coefficient of variation (CV) was less than the total allowable error
(7.2%) listed in the Westgard database [3]. Linearity was evaluated fol-
lowing CLSI EP06-A [0]. To produce a high-concentration GA solu-
tion, pooled normal serum with a glucose level of 5 g/dL was created
by adding D-(+)-glucose powder (Sigma-Aldrich, Saint Louis, MO,
USA). The solution was incubated for three days at 37°C and then di-
luted to five concentration levels admixed with 0.85% saline. For
method comparison, 539 serum samples, of which 39 were false
negative samples, collected in a serum separating tube (Vacutainer
SST 1II Tube 85 mL, #368972; Becton Dickinson, Sunnyvale, CA,
USA) were used. The false negative samples were initially identified
by their significant deviation from the corresponding patient’s previ-
ous GA result. To confirm false negativity, these samples were re-
tested using the Lucica GA-L assay (Asahi Kasei Pharma Corporation,
Tokyo, Japan). Negative interference was defined as a % difference

between the GA results of the Norudia GA and Lucica GA-L assays of

i CA— Lucica Ga- .
<-14.4% (% < -0.144). The % differences were

calculated relative to the results of the Lucica GA-L assay, rather than
the mean values. Considering the total allowable error for GA (7.2%)
suggested by Ricos et al. [7], the cutoff for negative interference was
set as twice the total allowable error (14.4%), assuming that the error
in the compared assays in the opposite direction from the ground
truth would be the maximum allowable error. During the compari-
son study, three assays were utilized: 1) Lucica GA-L, 2) Original
Norudia GA, and 3) Modified Norudia GA. The Lucica GA-L assay
was used as the reference in the comparison study of both the origi-
nal and modified versions of the Norudia GA assay since the Lucica

GA-L assay showed results consistent with the glycemic status of
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each patient. Furthermore, the Diabetes Mellitus Indices Committee
of the Japanese Society of Clinical Chemistry reported that the Lucica
GA-L assay correlates well with the isotope dilution-tandem mass
spectrometry reference method in both the reference material (JC-
CRM611) and patient sera [8]. The Passing-Bablok regression and
Bland-Altman plots were used to compare the methods according to
CLSI EP09-A3 [9]. To avoid a biased positive correlation, the % differ-
ences in the Bland-Altman plots were plotted against the results of
the Lucica GA-L assay, not the mean values [10]. Sample stability at
4°C and -70°C was evaluated using seven specimens, including one
false negative specimen. The initial values and those after 7, 14, and
28 days of storage were evaluated. To verify the current GA reference
interval of our institute, samples from 20 healthy controls were used
following CLSI EP28-A3C [11]. The healthy control group was se-
lected from individuals who visited our institute for a routine medical
check-up and had normal fasting glucose levels. All statistical analy-
ses were conducted using Statistics 1.9.0, Polynomials 3.2.2, and GLM
1.8.3 on Julia 19. All plots were created using Gadfly 1.3.4 on Julia
19. The Institutional Review Board of Samsung Medical Center,
Seoul, Korea, approved the study (IRB No. 2020-08-081-006) and

waived the need for informed consent.

RESULTS

Precision analysis showed acceptable results. The ranges of re-
peatability and within-laboratory CV were 15-2.2% and 3.1-5.3%,
respectively (Table 1. The repeatability CVs were within the desir-
able imprecision (2.6%), and the within-laboratory CVs were less
than the total allowable error (7.2%). Linearity analysis demon-
strated the best fit with first-order polynomial regression with a
slope of 1.040 (95% CI, 1.004-1.075) and a coefficient of determi-
nation (R? of 0998 (Fig. 1. Method comparison of the modified
version of the Norudia GA assay (Fig. 2A and 2B) and the original
version of the Norudia GA assay (Fig. 2C and 2D) exhibited a cor-

Table 1. Precision of the modified version of the Norudia GA assay

Material Mean SD Repeatability Iab\(/)\igrc::y_CV
QC1 13.88 0.151 1.8% 5.3%
QcC2 31.81 0.199 2.2% 3.7%
Pooled serum 19.79 0.116 1.5% 3.1%

Abbreviations: SD, standard deviation; CV, coefficient of variation; QC, quality con-
trol.
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Fig. 1. Linear and polynomial regressions of GA measured with the
modified version of the Norudia GA assay.
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relation coefficient (t) of 0973 and 0.892, respectively, with refer-
ence to the Lucica GA-L assay. The Bland-Altman plots revealed
that the samples with falsely low results obtained using the origi-
nal Norudia GA produced a higher GA result when measured with
the modified version (Fig. 2B and 2D). Nonetheless, certain sam-
ples had falsely depressed results in the modified version of the
Norudia GA assay compared with the results from the Lucica GA-L
assay (Fig. 2B). According to the current definition of negative in-
terference, 14 samples demonstrated negative interference in the
modified version of the Norudia GA assay. Table 2 illustrates the
false negative samples and their GA results obtained with all three
assays. Sample stability revealed GA levels tended to increase with
storage duration at both 4°C and -70°C (Fig. 3). The 20 healthy con-
trol samples showed a GA range of 12.5-15.7%, all within the refer-
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Fig. 2. (A) Scattergram with Passing-Bablok regression and (B) Bland-Altman plot showing the results of comparison between Norudia GA (modi-
fied) and Lucica GA-L, and (C) Scattergram with Passing-Bablok regression and (D) Bland-Altman plot showing the results of comparison between
Norudia GA (original) and Lucica GA-L. The solid navy blue line indicates the fitted Passing-Bablok regression, and the blue-colored area represents
the 95% Cl. In the Bland-Altman plots, the solid black line indicates the mean % difference, and the dashed lines represent the 95% Cl. The red
dots indicate the samples with negative interference demonstrating a % difference of <-14.4% between the original version of the Norudia GA

and Lucica GA-L assays.
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Table 2. Results of specimens with negative interference in the origi-
nal version of the Norudia GA assay

% Difference from

GA results (%) Lucica GA-L
Lucica Norudia GA  Norudia GA Norudia GA  Norudia GA
GA-L (original) (modified) (original) (modified)
85 -0.6 30 -1071 -64.7
1.5 -0.7 6.5 -106.1 -43.5
9.4 -0.5 39 -105.3 -58.5
79 0.2 33 -97.5 -58.2
14.2 05 17.2 -96.5 211
1.8 0.5 11.0 -95.8 -6.8
25.6 20 1.1 -92.2 -56.6
13.2 1.1 10.4 -91.7 -21.2
14.5 39 12.3 -73.1 -15.2
16.0 45 13.7 -71.9 -14.4
16.2 52 165 -67.9 19
16.3 54 18.1 -66.9 1.0
20.1 6.9 23.4 -65.7 16.4
16.3 58 14.1 -64.4 -135
19.1 6.8 16.5 -64.4 -13.6
19.1 7.1 169 -62.8 -11.5
230 8.6 17.5 -62.6 -23.9
27.1 10.7 20.3 -60.5 -25.1
19.1 8.2 171 -57.1 -10.5
20.6 95 17.4 -53.9 -15.5
15.7 7.5 154 -52.2 -19
18.3 9.0 17.3 -50.8 -55
204 10.6 19.2 -48.0 -59
16.1 9.2 17.5 -42.9 8.7
179 10.4 17.2 -41.9 -39
17.3 10.3 17.8 -40.5 29
19.7 122 15.7 -38.1 -20.3
18.6 11.6 17.0 -37.6 -8.6
20.5 134 204 -34.6 -05
17.7 1.6 13.7 -34.5 -22.6
215 14.2 16.2 -34.0 -24.7
18.3 12.3 17.2 -32.8 -6.0
17.2 1.7 16.1 -32.0 -6.4
16.2 19 17.6 -26.5 8.6
477 36.8 405 =229 -15.1
15.8 12.5 16.3 -20.9 3.2
210 16.7 22.2 -20.5 57
21.7 17.8 20.8 -18.0 -4.1
17.1 14.5 170 -15.2 -0.6

The % differences with a negative interference according to our definition (<
-14.49%) were indicated in bold.
Abbreviations: GA, glycated albumin.

ence interval (11.2-175%) [12], verifying transference of this refer-
ence interval (Fig. 4). No outliers existed among the 20 healthy

control samples as determined by the Tukey method.
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Fig. 3. Temperature stability of glycated aloumin (GA) measured with
the modified version of the Norudia GA assay after storage at either
4°C or -70°C for 7, 14, and 28 days. The long-dashed grey lines indi-
cate the stability limit (+4.4%), whereas the short-dashed grey lines
indicate the total allowable error (+7.2%) as designated by Westgard.
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Fig. 4. Histogram of GA results from 20 healthy control samples used
for reference interval transference. The values overlaid on the histo-
gram represent the GA results.

DISCUSSION

GA has been widely adopted in clinical practice recently to esti-
mate short-term glycemic control. Previous publications evaluat-
ing the original version of the Norudia GA assay demonstrated
that the assay is comparable with the Lucica GA-L assay in mea-
suring GA [12, 13]. While our institute had a total of 29,813 GA or-
ders in 2022, only 39 samples obtained from 34 different patients
were false negatives as per our definition of negative interference
from August 2021 to February 2023. This phenomenon is esti-

mated to occur in approximately 0.08% of the GA orders, thus
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capturing this during performance evaluation is practically infea-
sible given the scarcity of this phenomenon.

During an investigation in 2019 when the researchers first en-
countered an extremely low GA result, monoclonal paraprotein
precipitation was hypothesized to interfere with light absorbance.
Sparse literature suggests paraprotein precipitation as the cause of
interference resulting in negative results of various chemistry as-
says [14-17]. Lithium-heparin was the proposed cause of the pre-
cipitation [15, 17]. In the present study, two patients with monoclo-
nal paraproteinemia showed prominent turbidity in samples
stored in a lithium-heparin tube. Furthermore, M-protein and lith-
ium-heparin-induced negative interference occurred in the origi-
nal version of the Norudia GA assay. However, most cases with
falsely low GA results did not have monoclonal paraproteinemia,
which implies that not all interferences could be explained by this
phenomenon.

Another hypothesis was that anti-oxidative agents such as
ascorbic acid could interfere with the Trinder reaction [18, 19]. The
Norudia GA assay measures GA based on the absorbance of pur-
ple-red pigment produced through oxidization [20], and anti-oxi-
dative agents could interfere with the reaction. Among the thirty-
four patients who provided negative interference samples, seven
were taking thioctic acid, which shows anti-oxidative activity. No-
tably, the number of patients taking anti-oxidative agents could
be underestimated since the intake of over-the-counter medica-
tions such as vitamin supplements cannot be determined with
prescription records.

The manufacturer implemented a new formula for their Noru-
dia GA assay to overcome negative interference. The revised for-
mula increased the amount of substance that eliminates the re-
duction agent, decreasing negative interference. While details re-
garding the formula have not been disclosed by the manufacturer,
the improvement in results supports the hypothesis that anti-oxi-
dative agents interfere with the reaction. For all negatively af-
fected samples, the modified version of the Norudia GA assay
showed results higher than the original version of the Norudia GA
assay. However, some samples still demonstrated negative inter-
ference in the modified version of the Norudia GA assay, albeit to
a lesser degree than the original version. Given that negative in-
terference remains despite the revised formula and that not all pa-
tients prescribed with anti-oxidative agents displayed falsely low

GA levels, the exact mechanism of the negative interference is yet
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to be elucidated. Further research should investigate the underly-
ing mechanism causing falsely low results and minimize the re-
maining negative interference.

In summary, the modified version of the Norudia GA assay
demonstrated fair analytical performance. Given that it reduces
the negative interference, putatively caused by anti-oxidative
agents, observed in the original version of the Norudia GA assay,
the modified assay would be beneficial in clinical laboratories ex-
periencing negative interference using the original version of the

Norudia GA assay.

Conflicts of Interest

None declared.

Acknowledgments

This study was funded by Sekisui Medical Co., Ltd. (Tokyo, Japan)

based on the Consignment Agreement.

REFERENCES

—_

. Kisugi R, Kouzuma T, Yamamoto T, Akizuki S, Miyamoto H, Someya
Y, et al. Structural and glycation site changes of albumin in diabetic pa-
tient with very high glycated albumin. Clin Chim Acta 2007,382:59-64.

2. Koga M. Glycated albumin; clinical usefulness. Clin Chim Acta 2014;
433:96-104.

3. Bellia C, Zaninotto M, Cosma C, Agnello L, Bivona G, Marinova M, et
al. Clinical usefulness of glycated albumin in the diagnosis of diabetes:
results from an Italian study. Clin Biochem 2018;54:68-72.

4. Clinical and Laboratory Standards Institute. Evaluation of precision of
quantitative measurement procedures; Approved guideline—Third
edition. CLSI document EP05-A3. Wayne, PA: Clinical and Laboratory
Standards Institute, 2014.

5. Westgard QC. Desirable biological variation database specifications.
https://www.westgard.com/biodatabasel .htm (Accessed on Jan 2023).

6. Clinical and laboratory standards institute. Evaluation of the linearity of
quantitative measurement procedures: A statistical approach; Approved
guideline. CLSI document EP0G-A. Wayne, PA: Clinical and Laboratory
Standards Institute, 2003.

7. Ricos C, Alvarez V, Cava F, Garcia-Lario JV, Herndndez A, Jiménez CV,

et al. Current databases on biological variation: pros, cons and prog-

https://doi.org/10.47429/lm0.2024.14.2.100



0[=7] 2| Evaluation of Modified Norudia GA

MO

ress. Scand J Clin Lab Invest 1999;59:491-500.

8. Takei I, Hoshino T, Tominaga M, Ishibashi M, Kuwa K, Umemoto M,
et al. Committee on diabetes mellitus indices of the Japan society of
clinical chemistry-recommended reference measurement procedure
and reference materials for glycated albumin determination. Ann Clin
Biochem 2016;53:124-32.

9. Clinical and Laboratory Standards Institute. Measurement procedure
comparison and bias estimation using patient samples; Approved
guideline—Third edition. CLSI document EP09-A3. Wayne, PA: Clini-
cal and Laboratory Standards Institute, 2013.

10. Krouwer JS. Why Bland-Altman plots should use X, not (Y+X)/2 when
X is a reference method. Stat Med 2008;27:778-80.

11. Clinical and Laboratory Standard Institute. Defining, establishing, and
verifying reference intervals in the clinical laboratory; Approved
guideline—Third edition. CLSI document EP28-A3c. Wayne, PA: Clini-
cal and Laboratory Standards Institute, 2010.

12. Ha C, Oh J, Park HD. Evaluation of the analytical performance of the
Norudia GA Glycoalbumin Test. Lab Med Online 2021;11:55-9.

13. Choe W, Kim S, Chang J, Park H, Kim HN, Yoo §J. Performance of
Norudia glycated albumin assay on multiple analytical platforms and
comparison to Lucica assay. Clin Lab 2020,66:2383-7.

14. Berth M, Delanghe J. Protein precipitation as a possible important pit-

https://doi.org/10.47429/lm0.2024.14.2.100

fall in the clinical chemistry analysis of blood samples containing
monoclonal immunoglobulins: 2 case reports and a review of the liter-
ature. Acta Clin Belg 2004;59:263-73.

15. Dimeski G, Carter A. Rare IgM interference with Roche/Hitachi Modu-
lar glucose and gamma-glutamyltransferase methods in heparin sam-
ples. Clin Chem 2005;51:2202-4.

16. Alberti MO, Drake TA, Song L. The pH of chemistry assays plays an
important role in monoclonal immunoglobulin interferences. Pract
Lab Med 2015;3:8-16.

17. Yukimasa N, Oboshi W, Hayashi K, Kuribayashi H, Uzawa R, Fukuchi
K, et al. Interference with creatinine assay by IgM-A monoclonal pro-
tein in lithium heparin blood collection tube from a malignant lym-
phoma patient. Int ] Med Pharm Case Reports 2016;8:1-7.

18. Trinder P. Determination of blood glucose using an oxidase-peroxi-
dase system with a non-carcinogenic chromogen. J Clin Pathol 1969;
22:158-61.

19. Ko YK, Lee HS, Lee K, Song J, Park HD. The negative role of Vitamin
C in total cholesterol and triglycerides tests. Lab Med Online 2023;13:
13-21.

20. Sekisui Medical Co., Ltd. Norudia GA package insert sheet. https://
www.sekisuimedical.jp/english/business/diagnostics/insert/pdf/

NORUDIA_GA pdf (Accessed on Dec 2022).

www.labmedonline.org 105



