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Abstract

Previous research suggests that point-of-care (POCT) determination of glycated
hemoglobin (HbAlc) is a diagnostic test that can be an adequate alternative to measuring HbAlc
in the laboratory. The main goal of this study was to examine the analytical characteristics of the
novel INCLIX POCT method for HbAlc determination in order to test its performance before
introducing this method into routine use. HbAlc is measured in a duplicate in 44 EDTA blood
samples parallel on INCLIX POCT device (Sugitech, Inc.) and using automated turbidimetric
immunoinhibition test on Olympus AU400 (Beckman Coulter). The within run imprecision was
7.58%, between runs imprecision was 6.63% and 6.22%, and day-to-day imprecision was 8.80%
and 7.51%. Total laboratory imprecision was in agreement with those stated by the manufacturer.
A statistically significant Pearson correlation coefficient was calculated (r = 0.871, P < 0.01;
linear R* = 0.757). Using Deming regression analysis, the following equation was obtained: y = -
1.80 + 1.304x. Our results indicate statistically significant correlation, linear relationship, and a
significant degree of compatibility between the two analyzed methods. However, the negative
bias of the HbAlc values determined on the POCT analyzer compared to the Olympus AU400
was confirmed, highlighting the need to standardize the INCLIX method.
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Introduction

Glycated hemoglobin (HbAIc¢) initially emerged as a clinically relevant parameter
for long-term assessment of glycemic status and therapy monitoring in patients with
diabetes, but also as an additional marker to diagnose diabetes (1, 2). So far, a major step
and advancement in the standardization of HbAlc determination has been achieved (1,
2). According to the American Diabetes Association (ADA), the generally accepted
clinical criteria for diabetes based on the National Glycohemoglobin Standardization
Program (NGSP) is: HbA1c less than 5.7% excludes diabetes, values from 5.7% to 6.4%
indicate an increased risk for diabetes, while for HbAlc > 6.5% the diagnosis of diabetes
is made (3). However, the analytical aspect of HbAlc determination is still being
investigated (4-8). HbAlc is determined in routine laboratories by various methods on
automated analyzers (HPLC ion exchange technique, capillary electrophoresis, affinity
chromatography, immunoassays and enzymatic assays). For all automated methods,
HbAlc results are standardized according to the International Federation of Clinical
Chemistry (IFCC) Reference Measurement Procedure (RMP) in accordance with the
NGSP (9-12). As the requirements for the HbA 1c test are high and constantly growing, it
is necessary that the determination of this parameter is accessible, efficient, justified and
cost-effective. Point-of-care (POCT) determination of HbAlc is a diagnostic test that can
be an adequate alternative to measuring HbA 1c in the laboratory (13-15). The results are
available in a short period of time, immediately after the blood draw, which enables quick
medical decisions, thus improving the efficiency of the health system. POCT methods are
suitable for patients because they reduce frequent visits to laboratories or doctor's offices
and allow the availability of testing in rural areas as well. The use of POCT devices
enables capillary sampling of HbAlc, which is important for both pediatric patients and
the elderly with poor and difficult to access veins. In order for the HbA1lc POCT methods
to find a wider routine application, it is necessary to test the analytical characteristics of
the POCT devices and methods.

The main goal of this study was to examine the analytical characteristics of the
novel INCLIX POCT method for HbAlc determination in order to test its performance
before introducing this method into routine use. The evaluation of the POCT method was
performed by evaluating the following statistical parameters: within run imprecision
(repeatability), day-to-day imprecision (reproducibility), between runs imprecision, and
within laboratory imprecision. In addition, the samples were run on the INCLIX analyzer
and the Beckman Coulter Olympus AU400 Biochemistry Analyzer in parallel to assess
the method agreement.

Experimental section

Study design

The study was conducted in June 2019 at the Laboratory for Medical Biochemical
Analysis (LMBA), University of Belgrade — Faculty of Pharmacy, Belgrade, Serbia. The
following guidelines published by the Clinical and Laboratory Standards Institute (CLSI)
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were used in this study for the evaluation of the INCLIX POCT analyzer: CLSI document
EP09-A3, “A Guide to Comparing Measurement Procedures and Determining Bias Using
Patient Samples”, third revised Edition, published in 2018; CLSI Document EP15-A3,
“Guide to Accuracy Verification and Bias Assessment”, Third Revised Edition, published
in 2017; CLSI Document EP05-A3, “Guide to Accuracy Evaluation of Quantitative
Measurement Procedures”, third revised edition, published in 2018; and the “Guide to the
Evaluation of POCT Instruments,” published by the 2012 Australian Association of
Clinical Biochemists (AACB) (16-19).

Materials

To provide a uniform distribution of samples in the whole range of measurements
and adequately assess the performance of the analyzed test method specified by the
manufacturer, 44 whole blood EDTA samples with low, normal and high HbAlc levels
were selected. The concentrations of HbAlc in the analyzed samples covered a clinically
significant range of measurements for making and/or excluding the diagnosis of diabetes,
and for making the decision to initiate or change therapy (from 5.2% to 11.8%). Samples
were measured on the same day in duplicate on INCLIX POCT and Olympus AU400
analyzer. The recommendation not to exceed two hours between sampling on two
analyzers was followed.

Methods

Rapid determination of whole blood HbAlc (recommended anticoagulant is di-
potassium/tri-potassium ethylene-diamine-tetra-acetic acid, Ko/KsEDTA) by INCLIX
POCT method uses "sandwich" immunoassay technology based on an antigen-antibody
complex formation, visualized by the gold marked detection antibody (20). This method
uses 5 uL whole blood sample or capillary blood sample that is collected using a capillary
or automatic pipette. The results are automatically calculated by the INCLIX analyzer
software and the HbA 1c concentration can be verified immediately. HbA1c concentration
is expressed in %, which is based on the study of Diabetes Control and Complications
Trial (DCCT) and NGSP units (%) [HbA1cIFCC (mmol/mol) = 10.93 x HbA1cNGSP
(%) - 23.50 and HbA1cNGSP (%) = 0.0915 x HbA 1cIFCC (mmol/mol) + 2.15].

The determination of HbAlc on the INCLIX analyzer does not significantly
interfere with other bio-molecules, such as bilirubin (up to 684 umol/L), triglycerides (up
to 11.29 mmol/L) and hemoglobin derivatives (acetylated, carbamylated and labile
hemoglobin), when using acceptance criteria of £6% recovery in relation to the absence
of these interferences. Intra- and inter-essay CVs specified by the manufacturer is less
than 5% (20 repeated measurements with three different HbAlc concentrations and 5
repeated measurements, three days, two operators, with three different concentrations of
HbA1c). The measurement range of HbAlc expressed in % on the INCLIX analyzer is
from 4 to 14%. INCLIX POCT device is NGSP certified, has CE-IVD approval, but is
not IFCC traceable (20).
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Olympus AU400 is a HbAlc fully automated measurement method based on
turbidimetric immunoinhibition. This method uses 10 puL. whole blood sample, pretreated
with hemolyzing reagent in a ratio of 1:100 (21). Two-point calibration is used to set total
hemoglobin method, and five-point calibration is used for calibration of the HbAlc assay.
The calibrator HbAlc values are traceable to the IFCC HbA1c¢ reference method via IFCC
HbAlc reference material. The relationship between results from the NGSP network
(DCCT aligned) and the IFCC network has been evaluated and a Master Equation (NGSP
=(0.0915 x IFCC (mmol/mol)) + 2.15) has been developed for interconversion of results
from IFCC (mmol/mol) to NGSP (%) units. The definition of the relationship between
the two networks links IFCC traceable results to clinically meaningful HbAlc results
from the DCCT and the United Kingdom Prospective Diabetes Study (UKPDS). The
Master Equation also provides these DCCT results with traceability to a higher order
reference method.

Statistical analysis

Excel for Windows statistical program, Method Validator statistical program
(Version 1.1, MethVal.exe, by Philippe Marquis, Metz, France), MedCalc Software bvba
(Version 2.5.0.0., Ostend, Belgium) and IBM SPSS Statistics version 21.0 (Chicago, IL)
were used for the statistical analysis of the obtained data. Results are presented as mean
(X), standard deviation (SD) and coefficient of variation (CV). The normality of the data
distribution was checked by the Kolmogorov-Smirnov test. The significance of the
difference between the mean values of the two groups of data was analyzed by a paired
Student t-test. The Pearson correlation coefficient was used for the correlation analysis.
The comparison of the two methods was examined by the Deming regression analysis
and graphically presented by Bland-Altman plots.

Results

The Kolmogorov-Smirnov test to check the normality of the distribution confirmed
the normal distribution for each examined group of data for a significance level of 0.05.

The within run imprecision was examined by successively analyzing the same
sample 20 times. The initial value of the sample used to test the within run imprecision
was 5.1% HbA1c. The calculated mean value was 4.95% HbA1lc, SD was 0.375, and CV
was 7.58%. The calculated deviation (bias) of the measured values in relation to the
original value is 0.15% HbAlc, which is a total of + 2.94% deviation of the measured
values from the original. The calculated standard error of the mean (SEM) is 0.084, and
the obtained 95% confidence interval (CI) for data distribution is from 4.78% HbAlc to
5.11% HbAlc.

To calculate the day-to-day imprecision, two samples of baseline HbAlc levels of
6.6% and 7.5% were used, respectively, which were closest to clinically significant cut-
off values for diagnosis and therapy initiation. Both samples were run for five days in
triplicate. The recommendations of the guidelines were followed, so that the time
difference in the sample measurement on different devices was not longer than two hours.
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The obtained values for data of both analyzed samples for SD for repeatability (SDr) were
0.395 and 0.509, and CV for repeatability (CVr) was 8.80% and 7.51%.

To calculate the between runs imprecision of POCT HbAlc determinations, two
samples of initial HbAlc levels of 6.6% and 7.5% were used and measured for five days
in triplicate. The obtained SD for between runs imprecision (SDbr) was 0.474 and 0.421,
and CV for between runs imprecision (CVbr) was 6.63% and 6.22%.

Intra-laboratory (total laboratory) imprecision (SDtl) was calculated by a combined
analysis of day-to-day imprecision and between runs imprecision according to the
formula provided by Chesher et al. (22):

SDtl = \/“T‘l * SDr2 + SDbr?

in which n is the number of repetitions per day, SDr is SD for repeatability, SDbr
is SD for between runs imprecision.
In order to estimate the agreement of the obtained total laboratory imprecision, SDtl

with the indicated values of the manufacturer, the following formula was used to calculate
verification value (Vv).

_ SDtlx+/C
T

Vv

in which T represents the effective degree of freedom to assess the accuracy within
the laboratory, C is the 1-a/q percentage point of the Chi-square distribution, a is the false
rejection rate and q is the number of levels tested. To calculate C, a is traditionally taken
as 5% and q is equal to 2 (22). T is calculated according to the following formula:

_ ((n=1)*SDr*+(n+*SDbr?))?

T (s (T2

in which D is the total number of days and n is the number of repetitions per day.
The calculated SDtl is 0.699 and is less than the calculated Vv for within the laboratory
imprecision, which is 0.909, which indicates that the data for within the laboratory
imprecision are in agreement with those stated by the manufacturer.

In order to check the inaccuracy and systematic error, we compared the tested
POCT method for HbAlc on the INCLIX analyzer with the method of turbidimetric
immunoinhibition on the Olympus AU400 biochemical analyzer. The first step was to
check the distribution of the analyzed data by the Kolmogorov-Smirnov test. The
obtained SD and the level of statistical significance for both groups of data showed that
the distribution of HbAlc concentrations did not deviate significantly from the normal
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Gaussian curve. Statistical parameters were, respectively, for INCLIX and Olympus
AU400 analyzer 6.89 = 1.28, P = 0.123 and 6.67 + 1.01, P = 0.170. The bias between
methods was 0.3 and the relative bias was 4.5%.

A statistically significant Pearson correlation coefficient was calculated (for the
two-way test, the correlation coefficient was 0.871 (linear R? = 0.757) for the significance
level P <0.01), which is shown in Figure 1, which indicates a linear relationship between
the tested methods.
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Figure 1. Correlation analysis for INCLIX POCT analyzer and Olympus AU400
biochemical analyzer for the Hb1Ac determination.

Slika 1.  Analiza korelacije INCLIX POCT analizatora i Olympus AU400
biohemijskog analizatora za odredivanje Hb1Ac.

Using the Deming regression analysis, the following equation was obtained: y = -
1.80 + 1.304x. The value of the intercept is constant deviation, and the value of the slope
is proportional deviation in the measurements between the two tested methods. When the
numerical values of the intercept and slope are generally analyzed, the values of the 95%
CI are always observed. If the number 0 is within the 95% confidence interval for the
intercept and the number 1 is within the 95% CI for the slopes, there is considered to be
a statistically significant agreement of the methods. In this study, the 95% confidence
limit interval for the intercept was -4.90 to 1.29. The obtained values of 95% confidence
limits for the intercept included the value 0, from which we can conclude that there was
no statistically significant difference between the values of the intercept and 0, i.e. that
there was no constant deviation between the methods (Figure 2). The 95% confidence
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limit interval for the slope was 0.827 to 1.781. The obtained 95% confidence interval for
slope includes the value of 1, from which we can conclude that there was no statistically
significant deviation between the value of the slope and 1, suggesting that there was no
proportional deviation in the measurement using both methods (Figure 2).
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Figure 2. Unadjusted Deming regression analysis (N=44).
Slope: 1.304 (95% CI: 0.827 to 1.781)
Intercept: -1.80 (95% CI: -4.90 to 1.29)

Slika 2.  Nekorigovana Deming regresiona analiza (N=44).
Nagib: 1,304 (95% CI: 0,827 do 1,781)
Odsecak: -1,80 (95% CI: -4,90 do 1,29)

Based on the calculated statistical parameters, it was concluded that the agreement
of the examined methods did not deviate significantly from the linearity, so we continued
to use the Bland-Altman analysis. The Bland-Altman analysis is a graphical method for
comparing two measurement techniques, which analyzes the difference between pairs
determining the same samples. The Bland-Altman graph is a scatter diagram in which the
mean value of the difference between measurement pairs (X-Y) is shown on the Y axis,
and the mean value of the measurement (X + Y)/2 is shown on the X axis. In other words,
the difference between the pairs of measurements of the same samples is presented on the
Y axis, and the mean value obtained through the two measurements is shown on the X
axis. The Bland-Altman analysis recommends that 95% of the points be within the + 2SD
determination pair difference. If the confidence interval of the mean difference between
the methods includes 0, it is concluded that there is no constant deviation between the
methods. Another way of showing the agreement of methods using the Bland-Altman
analysis involves representing the relative difference of the determination pairs (%) on
the Y axis. Based on the graphs of the percentage difference in determination, it is
determined whether there is a percentage deviation between the methods. If the
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confidence interval of the percentage mean difference between the methods includes 0, it
is concluded that there is no proportional deviation between the methods. Graphs obtained
by the Bland-Altman analysis are shown in Figure 3.
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Figure 3. Bland-Altman analysis: A, constant deviation of the methods; B,
proportional deviation of the methods.

Slika 3.  Bland-Altman analiza: A, konstantno odstupanje metoda; B,
proporcionalno odstupanje metoda.

Based on the graphical presentations, it can be wrongly concluded that there is a
constant deviation between the methods (however, 95% CI for the mean difference of the
pairs of determinations includes 0, and is -4.90 to 1.29). However, the results indicate that
there is no proportional deviation between the values obtained by these methods (95% CI
relative to the mean difference of the pairs of determination includes 1, and is 0.827 to
1.781). The calculated percentage mean difference of the results determined on the
INCLIX analyzer in relation to the Olympus AU400 was -2.8%, which indicates the need
to standardize the INCLIX method.

Discussion

To our knowledge, this is the first study that examines the compliance of the
INCLIX POCT method with the fully automated method for determination of HbAlc. In
this study, we initially examined the basic performance specifications of the POCT
method for HbA 1c determination. For optimal performance of the method, it is necessary
to know the biological variability of HbAlc. The latest meta-analysis data for biological
variability for HbA1lc indicates significantly low values of intra- and inter-individual CV:
1.6%, 95% CI: 1.3-2.5 and 7.1%, 95% CI: 6.8-7.5, respectively (23). However, the studies
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are mainly related to the determination of HbA1c on biochemical analyzers. Although the
general accuracy and clinical significance of POCT HbAlc determination has been
confirmed, the estimated intra- and inter-individual CV were still up to 10% for some
POCT analyzers (6, 24-25). The manufacturer Sugentech Inc. indicates a significantly
low imprecision of the INCLIX method (< 5%) (20). Our research confirmed that in a
routine laboratory environment the analytical characteristics for total laboratory
imprecision for INCLIX HbAlc were met. Zhelev et al. (26) have shown that over time
the analytical characteristics of various POCT HbAlc methods have significantly
improved and that the values of HbA1c are determined with significantly low analytical
imprecision.

Based on the graphical presentations (Figure 3) in this study for proportional and
constant deviation between POCT and automated HbAlc determination, it can be
wrongly concluded that there was a constant deviation between the methods (however,
95% CI for the mean difference of the pairs of determinations includes 0). On the other
side, the calculated results indicated that there was no proportional deviation between the
values obtained by the analyzed methods (relative to the mean difference of the
determination pairs includes 0). The calculated deviation represents the negative bias of
the results determined on the INCLIX analyzer (-2.8%) in relation to the Olympus
AU400, which indicates the need to standardize the INCLIX method. English et al. (1)
described in detail the obstacles that were imposed in the process of standardization of
the determination of HbAlc. Although significant progress has been made in the
standardization of HbAlc determination, it has largely culminated for fully automated
methods. For POCT analyzers, the accuracy of the determination of the HbAlc is ensured
by appropriate calibration and the use of certified reference material provided by the
manufacturer. However, most POCT analyzers do not perform calibration routinely but
use a calibration factor that is predetermined by the manufacturer and cannot be adjusted
(1, 27-29).

The principles of determining HbAlc on POCT devices differ as with automated
analyzers. One way to assess the utility of the POCT method is through laboratory
evaluation. Another mechanism is through participation in external quality control and
proficiency testing. However, most POCT methods are not yet included in these
programs. Therefore, it is important that the determination of POCT HbA ¢ is carried out
in compliance with the basic quality requirements for such instruments. In addition to
educating and training users, it is important to respect the quality system of conducting
such POCT analysis. Orvim Selvik et al. (30) have shown that Norwegian community
pharmacies can perform internal and external quality assessment on a HbAlc POCT
instrument, and the performance is comparable to that of general practitioners offices.
Similar studies have been conducted in Switzerland, Australia, and Spain, and the authors
have concluded that it is feasible to implement services for diabetes risk assessment in a
community pharmacy setting using HbAlc or glucose POCT instruments (31-34).

The presence of deviations in terms of lower HbAlc values measured by the
INCLIX apparatus is not unexpected, given that these are two different methods and a
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significant effect of the preanalytical phase in both methods on the overall determination
procedure should be taken into account. Barron et al. (35) have conducted a well-
controlled prospective study and have also reported that POCT HbAlc was associated
with significantly lower HbAlc values when compared with laboratory-measured
referrals. However, the question arises as to whether this difference in value may be more
detrimental to diabetic or non-diabetic patients. Van Raalten et al. (36) have reported that
POCT HbA 1c¢c measurements showed a high level of agreement with the laboratory test
in the outpatient setting, and may be used for preoperative risk profiling in patients prone
to cardiometabolic complications. What is certain is that higher HbAlc POCT
measurement quality standards are needed for follow-up and therapy decision-making in
patients with diabetes to avoid misdiagnosis of diabetes, as well as potential excessive or
inadequate treatment of patients at risk for diabetes.

This pilot study had some limitation. First, we have evaluated imprecision as basic
performance specification for the routine use of INCLIX HbAlc method. We are aware
of the fact that it is important to examine the bias, dynamic range of measurement, the
lower limit of detection, quantification and analytical as well as diagnostic specificity and
sensitivity. We did not examine diabetic and non-diabetic groups separately, and we have
analyzed a relatively small number of patients. Although POCT methods are intended for
the determination of HbAlc in a capillary blood sample, for practical reasons we used
only venous EDTA blood and not a capillary sample.

Conclusion

The examined agreement of the INCLIX analyzer with the Olympus AU400
indicates a statistically significant correlation, linear relationship and a significant degree
of compatibility between the two analyzed methods. In addition to confirmed analytical
characteristics of the method, determining the biological variability of HbAlc by the
tested POCT method is recommended, as well as determining the measurement
uncertainty of the measurement results on the INCLIX analyzer. In order to harmonize
the POCT method on the INCLIX analyzer, conducting external quality control is
recommended. However, the final conclusion is that the POCT method of the INCLIX
analyzer fulfills all the conditions for routine use of HbA 1¢ determination. However, even
for the correct diagnosis, therapy monitoring and prognosis of diabetes mellitus, it is
always necessary to determine HbAlc by the same method on the same analyzer.
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Kratak sadrzaj

Prethodna istrazivanja sugeriSu da je ,,point-of-care* metoda (POCT) za odredivanje
glikoziliranog hemoglobina (HbAlc) dijagnosticki test koji moZe biti adekvatna alternativa
merenju HbAlc u laboratoriji. Glavni cilj ovog istrazivanja bio je da se ispitaju analiticke
karakteristike nove INCLIX POCT metode za odredivanje HbAlc kako bi se testirale
karakteristike izvodenja pre uvodenja ove metode u rutinsku upotrebu. HbAlc je meren u
duplikatu u 44 uzorka EDTA krvi paralelno na INCLIX POCT uredaju (Sugitech, Inc.) i
automatskim turbidimetrijskim imunoinhibicijskim testom na Olympus AU400 biohemijskom
analizatoru (Beckman Coulter). Nepreciznost u seriji bila je 7,58%, nepreciznost izmedu serija
bila je 6,63% i1 6,22%, a nepreciznost iz dana u dan bila je 8,80% i 7,51%. Ukupna laboratorijska
nepreciznost bila je u slaganju sa podacima koje je naveo proizvodac. Izracunat je statisticki
znadajan Pearsonov koeficijent korelacije (r = 0,871, P <0,01; linearni R* = 0,757). Demingovom
regresionom analizom dobijena je slede¢a jednacina: y = -1,80 + 1,304x. Nasi rezultati ukazuju
na statisticki znacajnu korelaciju, linearnu povezanost i znacajan stepen kompatibilnosti izmedu
dve analizirane metode. Medutim, potvrden je negativan bias vrednosti HbAlc odredenih na
POCT analizatoru u odnosu na Olympus AU400, §to istice potrebu za standardizacijom INCLIX
metode.

Kljuéne re€i: HbAlc, POCT, dijabetes, Demingova regresija
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