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Introduction

Diabetes mellitus is caused by impairment in insulin secretion (type 1 diabetes) or
poor response to insulin with subsequent impairment in insulin regulation and
production (type 2 diabetes), which contribute to chronic hyperglycemia..1 Elevated
blood glucose is associated with microvascular and macrovascular damage that can
lead to debilitating conditions, including heart disease, chronic kidney disease,
diabetic neuropathy, and retinopathy. Globally, there are 537 million adults living
with diabetes, of whom 90 million are in Southeast Asia and 206 million in the
Western Pacific.2 Approximately half of all diabetes cases are undiagnosed, leaving
millions of people unaware that they are at risk of developing life-threatening
complications from a disease that was the 9th leading cause of death globally in
2019.2,3

Chronic hyperglycaemia results in a greater abundance of circulating glycated
proteins, which play an important role in the pathophysiology of diabetes.4 Of
particular importance is glycated hemoglobin Alc (HbATc), which is an indicator of
average blood glucose concentration over the previous 3 months.5,6 In the 1990s,
two landmark clinical trials, the Diabetes Control and Complications Trial (DCCT) and
the UK Prospective Diabetes Study (UKPDS) demonstrated that controlling
hyperglycemia, as assessed by serum HbAITc, led to a reduction in diabetes
complications.7-10 As a result, HbA1c measurement has become the gold standard

for diabetes diagnosis and monitoring.5, 11

Here we review diabetes diagnosis and monitoring, the pathological impact of chronic
hyperglycemia, and the molecular features of HbAlc relevant to diabetes
pathophysiology and HbA1c measurement. We also highlight international efforts to
standardize HbA1c measurement, as well as current HbAlc testing methods,

including a new and innovative Dry Slide HbA1c assay.

Diabetes Disease Burden

Epidemiology

Diabetes is a major cause of morbidity and mortality worldwide.2 In a large cohort
study including >1 million individuals from 7 Asian countries, those with diabetes
had a nearly 2-fold risk of all-cause mortality compared with those who did not have
diabetes.12
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individuals with diabetes worldwide is projected to increase from 537 million adults
in 2021 to 783 million by 2045.2 This increase will be largely driven by an increase
in type 2 diabetes due to higher rates of obesity and more sedentary lifestyles. Over
the same time period, the worldwide direct costs of diabetes—currently 11.5% of total
healthcare costs—are estimated to increase from $966 million to $1.05 trillion USD.2

Clinical pathology

The term diabetes refers to a class of metabolic disorders that is usually divided into
two main categories.1 Type 1 diabetes makes up a small percentage of diabetes cases
(5%-10%) and is caused by autoimmune destruction of pancreatic B cells that impairs
insulin production and secretion. The vast majority of diabetes cases, however, are
type 2 diabetes (90%-95%), which is characterized by insulin resistance rather than
insulin insufficiency. Whereas individuals with type 1 diabetes require daily insulin
injections to manage their hyperglycemia, those with type 2 diabetes generally do
not, at least initially.1 Management of type 2 diabetes instead usually consists of
lifestyle modifications, including healthy diet and exercise, with an emphasis on
maintaining a healthy weight, although medications may also be used if lifestyle

change alone is not enough to control the hyperglycaemia.

More than 80% of end-stage renal disease is caused by diabetes, hypertension, or a
combination of the two.13 One systematic literature review concluded that the
prevalence of cardiovascular disease in patients with type 2 diabetes was 32%, and
that cardiovascular disease caused approximately half of the deaths observed in the
studies reviewed.14 In a separate pooled analysis of data from 22,896 diabetic
individuals, the prevalence of diabetic retinopathy was 35%, and the prevalence of
vision-threatening diabetic retinopathy was 10%.15 Another, smaller study found a
prevalence of 26% for painful diabetic peripheral neuropathy.16 These and other data
highlight the significant burden of diabetes-related complications on individuals with

the disease.

Multiple pathophysiological mechanisms contribute to the development of diabetes
complications.1 Perhaps chief among these is oxidative stress.417.18 The term
glycoxidative state has been used to describe the persistent environment of oxidative
stress due to chronic hyperglycemia that underlies many of the pathological effects
of diabetes.417 Oxidative stress contributes to damage and dysfunction of the
vascular endothelium through multiple mechanisms and is thus associated with both
the macrovascular (coronary artery disease, peripheral arterial disease, and stroke)
and microvascular (diabetic nephropathy, neuropathy, and retinopathy)

complications.10,13,18

Higher levels of protein glycation under hyperglycemic conditions contribute to the
increase in oxidative stress by promoting formation of early and advanced glycation
end products (AGEs), leading to the generation of free radicals and oxidants.4 HbATc
is not only an indicator of average blood glucose levels over the long term, it is also
an early glycated protein that can undergo further chemical modification to generate
hemoglobin-AGE, which may contribute to vascular endothelial dysfunction by
blocking nitric oxide production. HbAT1c itself may enhance oxidative stress, since

the glycated protein is more susceptible to digestion by endogenous proteases, a
process that releases heme, ferrous iron, and free radicals.4
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Clinical Use of HbA1c Testing

Why and when to measure HbATc

Undiagnosed diabetes is of particular concern as chronic hyperglycemia can lead to
microvascular and macrovascular damage, causing more severe complications and a
higher risk of death the longer the condition goes untreated.1.2 Early diagnosis of
prediabetes and diabetes, followed by aggressive lifestyle modifications, medical
treatment, and close monitoring is key to improving quality of life and reducing mortality

risk.2,19

The American Diabetes Association (ADA) recommends routine screening of low-risk
individuals every 3 years starting at age 45 and more frequent screening for high-risk
asymptomatic individuals (e.g., smokers and those suffering from obesity or hypertension)
and patients with prediabetes.1 Patients with diabetes should have their glycemic status
monitored using HbAT1c at least twice a year if they are meeting their glycemic goals and
at least every 3 months if those goals are not being met or if there has been a change in
therapy.t®

Current diagnostic criteria for diabetes

According to ADA guidelines, diabetes may be diagnosed either by measuring HbA1c or

plasma glucose.1 Acceptable diagnostic criteria include one of the following:

1. HbAlc =6.5% measured by a National Glycohemoglobin Standardization Program
(NGSP)-certified method standardized to the DCCT assay

2. Fasting plasma glucose =126 mg/dL (=8 hours fasting)
Oral glucose tolerance test (OGTT) =200 mg/dL (2-hour plasma glucose)

4. Random plasma glucose >200 mg/dL with symptoms of

hyperglycemia/hyperglycemic crisis

Unless the patient is exhibiting classic symptoms of hyperglycemia or is experiencing a
hyperglycemic crisis, an abnormal screening result based on criteria 1-3 must be

confirmed with a second test, either using the same or a different testing method.

Advantages of HbATc testing compared with fasting plasma glucose include greater
patient convenience with no need for fasting, better preanalytical sample stability, less
short-term variability in marker levels, and assay standardization.1 Disadvantages of
HbA1c testing include a higher cost compared with plasma glucose measurement and
potentially limited availability in the developing world, although access continues to
improve. In addition, HbA1c should not be used for certain patient populations, including
those with conditions that affect the red blood cell (RBC) lifespan (normally ~120 days)
such as pregnancy, recent blood transfusions, or HIV treatment.20 It should also not be
used with patients who have interfering levels of genetic hemoglobin variants or
chemically modified hemoglobin derivatives-5.6.20-22 |n these cases, alternative methods
should be considered, such as plasma glucose testing or measurement of fructosamine,
glycated serum protein, or glycated albumin. The glycated protein tests provide a shorter
glycemic view of 2-3 weeks compared with 3 months for HbATc testing, which can also

be beneficial when monitoring the impact of changes in treatment-5.6
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Monitoring glycemic control

As mentioned above, patients with diabetes require routine monitoring of glycemic
status to assess therapeutic effectiveness and determine if there is a need for further
intervention.’ When setting HbAlc target goals, the physician should consider
individualized needs based on patient lifestyle and health risks (such as diet and
exercise, patient’s age, disease duration, or existing comorbidities). While HbAlc <7%
is a suitable goal for many, a lower cut-off may be appropriate if it is safely achievable
for the patient.’? Alternatively, a higher cut-off may be necessary for patients with
certain medical conditions or whose HbAlc remains somewhat elevated despite
receiving standard of care disease management. Other vascular and metabolic
parameters such as blood pressure and serum lipids should be monitored to assess
treatment efficacy and determine if any changes are required. In addition to routine
laboratory HbA1c measurement, it may be desirable for the patient to frequently self-
monitor glucose levels to adjust behavior and daily insulin levels. Recent advances in
technology such as continuous glucose monitoring (CGMs) have made blood glucose

monitoring simpler and more informative-19

HbA1 ¢ Structural Biology

Chemical structure and glycation reaction

Haemoglobin A (HbA) is the primary form of haemoglobin in adults, accounting for
approximately 97% of circulating hemoglobin.’1 HbA is a heterotetramer consisting of
two identical & chains and two identical B chains; each of the four chains has a globular
structure that surrounds a heme group containing a single iron atom. The main
function of HbA and other forms of haemoglobin is to transport oxygen through the
body.23

Although there are multiple forms of glycated HbA, HbA1c, in which glucose is added
to the N-terminal valine residue of the HbA B subunit to form fructosyl valine, accounts
for approximately 80% of glycated HbA in the human bloodstream (Figure 1).11 HbAlc
is formed nonenzymatically through a Maillard reaction in which a glucose molecule
forms a Schiff base with the valine residue.24 The Schiff base then undergoes an
Amadori rearrangement, creating a nonreversible covalent bond. The stability of the
HbA1c protein-glucose adduct makes it a useful indicator of average blood glucose
levels over time, given that HbA1c levels are directly correlated with average blood
glucose concentrations.5,11 Hemoglobin is found in RBCs, which normally have an
average lifespan of 90 days; thus, HbA1c levels reflect blood glucose levels over the

previous 3 months.56

Figure 1: Glycated Haemoglobin Structure Featuring Fructosyl Valine at B-Chain N-

Terminus.
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In addition to the other, less plentiful forms of glycated HbA, glucose can also glycate
other serum proteins, including albumin.4 Therefore, measuring other glycated
proteins may be a suitable alternative to HbA1c testing in patients who have altered

RBC lifespan or hemoglobin variants.

Sources of HbA1c measurement interference

As with any clinical laboratory test, HbA1c measurement is subject to multiple types of
interference, including hemoglobin variants-> Structural variants of HbA are caused by
point mutations in the genes encoding the protein’s subunits, resulting in amino acid
substitutions that can alter hemoglobin structure and, potentially, function.25 When
individuals are homozygous for a genetic hemoglobin variant, they may develop a
symptomatic disease, e.g., sickle cell anemia in HbS homozygotes. HbATc testing is not
appropriate for these patients.> On the other hand, individuals who are heterozygous
for a hemoglobin variant may not be phenotypically different from individuals who are
homozygous for HbA (non-variant hemoglobin). HbA1c testing may be appropriate for
patients who are heterozygous for a hemoglobin variant, depending on the testing
method.5.6.21

The worldwide prevalence of hemoglobin variants is 5%-7%, with four single amino acid
substitution variants, namely HbS, HbE, HbC, and HbD, being the most common.25
Position 1 on the HbA B chain is the N-terminal valine residue that is the glycation site

targeted by a number of HbA1c assay methods.525

HbS, the hemoglobin variant that causes sickle-cell anemia, has an amino acid
substitution (valine for glutamic acid) at position 6 on the B chain, whereas the variant
HbC has a different substitution (lysine for glutamic acid) at the same position. HbE has
a lysine for glutamic acid substitution at position 26. and HBD has a glutamine for

glutamic acid substitution at position 121.25

The prevalence of hemoglobin genetic variants can vary by geography.5 For example,
approximately 300 million people worldwide are heterozygous for HbS, with parts of
Africa, the Middle East, and India having HbS allele frequencies >5%.5.26 The highest
prevalence of HbC, 40% - 50%, is seen is parts of West Africa.2? HbD is most prevalent
(2% - 3%) among Sikhs in the Punjab region of India and is also found in many
individuals in Northwest India, Pakistan, and China.28 HbE is particularly prevalent in
South-East Asia, being present in 30% - 40% of the population in some regions.2? For
patients with these hemoglobin variants, an HbA1c testing method that is unaffected

by hemoglobin variants is recommended.25

Elevated fetal hemoglobin (HbF) can interfere with some HbA1c assays.2> Although HbF
is the major hemoglobin species in fetuses, it usually accounts for <1% of circulating
hemoglobin in adults. Some individuals, however, are genetically predisposed to
persistently elevated HbF levels in adulthood, a condition that is asymptomatic in many
cases. Elevated HbF is also associated with certain medical conditions, such as multiple

myeloma.2>

92
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In contrast to the physiological interference associated with anemia caused by
hemoglobinopathies and other conditions, analytical interference can be caused by
structural/biochemical changes due to amino acid substitutions.!' Substitutions that
change the net ionic charge of HbA may cause interference with methods that separate
molecules based on charge differences, such as ion-exchange high-performance liquid
chromatography (HPLC) or capillary electrophoresis.25 Some immunoassay methods may
have interference depending on where the detection epitope it targets is located.> If it is
near an amino acid substitution or if the amino acid substitution results in a protein
conformation that inhibits access to the epitope, it may interfere in the test measurement.
Additionally, mutations at the glycation site may alter the glycation rate, thus affecting the
results of immunoassays or boronate affinity HPLC measurement methods.30 Although
some HPLC methods do not separate HbF from HbA1c or HbAT, others can separate even
elevated levels of HbF from the HbA peaks.25 The N-terminal residue of HbF y chains
(analogous to HbA B chains) is glycine instead of valine, which is likely glycated at a lower
rate. Boronate affinity methods, which measure the ratio of glycated to non-glycated
hemoglobin, will give an HbA1c result lower than the actual value in patients with elevated
HbF.25

Laboratories need to consider the impact of hemoglobin variants on their HbA1c testing
methods, particularly when serving patient populations where specific variants are more
prevalent.25 As the majority of hemoglobin variants are genetic in origin, they may only
need to screen new patients using methods capable of detecting variants and then use
easier, higher-throughput testing methods for subsequent HbAlc measurements.
Clinicians should also be aware of the limitations of HbA1c testing for patients with specific
variants and order tests for variants when they suspect hemoglobinopathy or note
discordance between a patient’s HbA1c measurements and his or her self-monitored blood

glucose levels.19

Chemical derivates of hemoglobin can also affect the accuracy of HbAlc measurement.!!
One such derivative created by labile carbamylation of the N-terminal valine is common in
uremic patients. Carbamyl-hemoglobin may interfere with results based on charge, since
the two forms of hemoglobin have similar isoelectric points, increasing the reported
amount of HbATc. Schiff-base hemoglobin (an intermediate in HbA1c formation) is another

possible source of interference.!!

Standardization of HbA1c Measurement

Use of HbA1c as a biomarker of glycemic control was proposed in the early 1990s, spurred
in part by results from the DCCT, which demonstrated that controlling HbA1c levels in
patients with type 1

diabetes reduced microvascular complications, including diabetic retinopathy,
nephropathy, and neuropathy.9 The DCCT was followed by the UKPDS, which demonstrated
that lowering HbA1c decreased microvascular and macrovascular (i.e., cardiovascular
disease-related) complications in patients with type 2 diabetes, further supporting the use

of HbATc as a marker for diabetes management-? However, implementation of HbAlc
testing was hampered at the time by the high variability in test results.3!
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To address this variability, two different initiatives were established to standardize
HbA1c measurements across testing methods: the International Federation of Clinical
Chemistry (IFCC) Working Group on Hemoglobin Alc Standardization and the National
Glycohemoglobin Standardization Program (NGSP).32.33

The IFCC Working Group established reference methods for HbA1c analysis to ensure
accuracy-based results using primary reference materials made of HbAlc and HbAO
(non-glycated hemoglobin), which are first isolated by cation exchange and affinity
chromatography.6.32,3435 After the proteins are digested by proteolysis, the glycated and
non-glycated N-terminal peptides of the hemoglobin B chain are then quantified by
either mass spectrometry or capillary electrophoresis.35 The IFCC has a network of
approved laboratories and offers calibrators to manufacturers, as well as bimonthly

monitoring to ensure traceability back to the IFCC standard.33

The NGSP was established with the goal of standardizing HbA1c test results to those of
the DCCT and UKPDS, “which established the direct relationships between HbA1c levels
and outcome risks in patients with diabetes.”36 To that end, the NGSP and its network of
laboratories work with manufacturers to establish calibration settings for their HbA1c
tests, provides annual certification for manufacturers and laboratories, and performs

proficiency testing of routine clinical laboratories (Figure 2)-33.36

Figure 2. NGSP Network Overview.

NGSP Steering Committee

Administrative core
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Calibration Certification Proficiency

‘ testing

Manufacturer and laboratory
(Level I and ll) certification

Routine clinical laboratory

Figure adapted from Little et al. Clin Chem. 2019;65(7):839-848. CPRL: central primary
reference laboratory; IFCC: International Federation of Clinical Chemistry; NGSP: National
Glycohemoglobin Standardization Program; PRL: primary reference laboratory; SRL:

secondary reference laboratory.

Calibration ensures that HbA1c measurements—regardless of method or equipment
used—are comparable to DCCT results.33 To achieve this goal, the NGSP provides

support to HbATc test manufacturers for initially calibrating their methods and then
confirming that calibration.

94
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NGSP certification, which is valid for 1 year, requires a manufacturer to demonstrate that
its method meets specific criteria, which have become more stringent over time (Figure
3). Since 2019, manufacturer certification requires that results from 36 of 40 individual
whole blood samples be within £5% of results for the same samples from a secondary
reference laboratory, in a blinded comparison.33.37 To monitor HbATc values in clinical
laboratories, the NGSP assesses the College of American Pathologists (CAP) HbAIlc

proficiency surveys that use pooled whole human blood.33

Figure 3. CAP Proficiency Demonstrating Standardization Over Time and NGSP

Certification Requirements.

College of American Pathologists
All A1c Methods

8.0

1993 1999 2004 2010

75

70

65
6.0

|
55 puiy
5.0
4.5

4.0

HbA,, NGSP %

HbA,, IFCC mmol/mol

Standardized Results

s 14

from All A1c Methods

- 4

3.0

25

Method groups

Improvement in HbA1c over time
CAP data from a single sample in 1993, 1999, 2004, 2010, 2014 and 2018. The dashed line is the
NGSP/DCCT reference value for that sample. Each point is the mean of a single method; bars are

2 SD ranges. Results were reported as HbA1c(m), HbA1(®), and total GHB(*).

NGSP Certification Requirements: 1996 — Today

Precision Precision o autoidn
results within

1996-1998: <5% | 1999-2002: < 5%
2013-2014: £ 7%
2002-2012: < 4% 20142018, = 6% 2019-Today: + 5%

36 out of 40
results within

Figure adapted from Little et al. Clin Chem. 2019;65(7):839-848. CAP: College of
American Pathologists; DCCT: Diabetes Control and Complications Trial; GHB: glycated
hemoglobin; HbAlc: hemoglobin Alc; IFCC: International Federation of Clinical
Chemistry; NGSP: National Glycohemoglobin Standardization Program; SD: standard

deviation.

Because the IFCC method uses purified standards, it is considered a higher order method,
in contrast to the designated comparison method used by the NGSP, which is based on
measurements from blood samples and is not completely specific for HbA1c.33 The NGSP
and IFCC use different measurement units: %HbA1c for NGSP and mmol HbA1c/mol Hb
for IFCC. For this reason, a master equation has been developed that describes the
relationship between the two standardization systems: NGSP = [0.09148 * IFCC] +

2.152.32 The rigorous work of the NGSP and IFCC provides confidence in HbA1c result
standardization, which has contributed to reduced variability of clinical HbAlc

measurements over time (Figure 3), thus enabling better diabetes care based on more
accurate test results.33
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HbAT1c Testing Methods

A variety of HbA1c testing methods have been developed over the years, as advances in
technology have minimized HbATc hemoglobin variant interference, increased

throughput, and provided other operational advantages.
High-performance liquid chromatography (HPLC)

HPLC methods measure HbAlc by either ion-exchange or boron ate affinity. lon-
exchange chromatography separates different forms of hemoglobin according to ionic
charge.’m The proteins form ionic bonds with the charge solid phase of the
chromatography column and are then eluted based on charge using buffers of increasing
ionic strength, which disrupt the binding between the protein and solid phase.6 As
proteins are eluted from the column, they are detected, and a chromatogram is
generated showing peaks corresponding to each eluted protein species. The
concentration of HbAlc is calculated based on these peaks.'' Examining the
chromatogram can reveal potential interferences and allow detection of hemoglobin
variants, assuming those variants don’t co-elute with either HbAl1c or HbA based on
charge.25.31 For example, HbF co-elutes with HbA1c using older ion-exchange HPLC
methods; newer ion-exchange methods produce a separate peak for normal levels of
HbF, but only some of these can also separate peaks for elevated levels of HbF.25
Methods that use high-resolution chromatography decrease the interference from
hemoglobin variants and derivatives but also take longer than lower resolution methods,
so the tradeoff between more accurate variant detection and time/throughput needs to

be considered when choosing a method.5!

Another HPLC-based method for HbAlc measurement is boronate affinity
chromatography-511.30 |In this method, the column contains a gel bonded to m-
aminophenylboronic acid, which forms a complex with the cis-diol groups of
hemoglobin-bound glucose. The glycated hemoglobin is then eluted from the column
by adding sorbitol. Because all glycated hemoglobins are detected, this method is largely
unaffected by interference from hemoglobin variants. However, this method cannot

detect the presence of hemoglobin variants.5
Capillary electrophoresis

Capillary electrophoresis separates molecules by charge—like ion-exchange HPLC—and
also by mass.5 This allows identification of hemoglobin variants and other interferences
by displaying separated peaks on an electropherogram.30®49 Given the effective
separation of molecules by mass and charge, the most common variants do not produce
analytical interference affecting the HbATc measurements.5 This method can
characterize and diagnose hemoglobin variant type for clinicians who are interested in

this information.5.30
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Immunoassays

Immunoassays are antibody-based methods that bind a targeted epitope on the
hemoglobin B chain.5.25 Typically these antibodies bind the first 4-10 amino acids of the B
chain, and can be subject to interference from the HbS and HbC variants, since the sixth
amino acid is substituted and prohibits access due to a structural change in the
hemoglobin.5> Downstream amino acid substitutions found in HbD and HbE are further away
from the N-terminus and, thus, the epitope can be recognized by the antibody, resulting in
little to no interference. The antibodies used in HbAlc immunoassays do not recognize
chemically modified hemoglobin derivatives.' Immunoassays are easy to implement in
routine clinical laboratories and are not affected by ionic charge differences in hemoglobin
variants or derivatives.38 However, this method cannot detect the presence of hemoglobin

variants.

Enzymatic HbA1c testing

Newer HbA1c measurement methods are based on enzymatic detection. In these methods,
proteolytic digestion of lysed whole blood results in fragmentation of the HbAlc B chain
and release of its N-terminal fructosyl valine, which is detected via a horseradish
peroxidase-catalyzed reaction with a chromogen.39.40 Enzymatic methods are not very
sensitive to interference from hemoglobin variants because the most common variants are
upstream on the HbATc B chain (Figure 4). However, this method cannot detect the presence

of hemoglobin variants.>

Figure 4. Cleavage Site for Hbalc Enzymatic Assay Substrate Relative to Locations of
Common Hemoglobin Variant Amino Acid Substitutions. Figure 4. Cleavage Site for Hbalc
Enzymatic Assay Substrate Relative to Locations of Common Hemoglobin Variant Amino

Acid Substitutions.
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HbC, HbD, HbE, and HbS represent the most common genetic hemoglobin variants.
Recently, a Dry Slide method for enzymatic HbA1c testing has been developed: VITROS®
Chemistry Products Alc Slides (Figure 5)-41®) This dry and multilayer slide system features
reagents applied to a clear polyester support base cut to the size of a postage stamp. This
testing method uses a single drop of neat whole blood that is placed on the top spread
layer. The spread layer filters out interferences such as hemoglobin, turbidity, and
paraproteins. In this test design, the slide contains two surfactants and a protease. The first
surfactant lyses the RBCs, while the second surfactant denatures the glycated hemoglobin
released from the cell. The protease cleavage site on the hemoglobin molecule is accessible
after denaturation, allowing the protease to cleave a two-peptide fructosyl-alpha-valyl-
histidine fragment from the N-terminus of HbAT1c. Larger hemoglobin fragments and other

filtered interferences remain trapped in the spread layer, while the smaller hemoglobin
fragments filter through the masking layer until it reaches the reagent layer. In the reagent
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layer, the dipeptide substrate is oxidized by a highly specific fructosyl amino acid
oxidase to produce hydrogen peroxide, which triggers oxidation of a leuco dye by
horseradish peroxidase, producing a colorimetric signal directly proportional to the
concentration of glycated hemoglobin. This reaction is detected by reflectance
spectroscopy. The masking layer minimizes optical interference to enable accurate

results.41(eh

Figure 5. VITROS® Al c Slides Schematic Showing the Three Functional Reagent Layers.
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VITROS® Alc Slides are tested on VITROS® Integrated or Chemistry Systems along with
other routine and esoteric tests that can optimize lab workflow on a consolidated
testing platform.41 With up to 180 tests per hour, this method simplifies whole-blood
management with less hands-on time, directs primary test tube sampling, and is

compatible with the VITROS Automation Solutions track.

VITROS® Alc Slides have excellent performance standardized to the NGSP Tosoh G8
method and are NGSP certified as required by ADA guidelines.’.41.42 As an enzymatic
method is used, no clinically significant interference is seen with common
haemoglobin variants (HbS, HbC, HbD, and HbE). The Dry Slide format is impervious
to reagent degradation and has excellent performance stability and calibration stability

up to 20 weeks.
Comparing HbAT1c testing methods

Each of the available HbA1c testing methodologies has its advantages and challenges
(Table 1). Test selection should be based on laboratory objectives and testing needs,
including need for a diagnostic claim and identification of hemoglobin variants, or
avoidance of hemoglobin variant interference. The patient population being tested
should also be considered, since hemoglobin variant prevalence differs by geography
as well as by racial/ethnic composition. High-throughput platforms may be more
suitable for high-volume testing, and multi-test platforms offer operational

efficiencies that single-test platforms do not.
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Table 1. Advantages and Challenges of HbA1c Testing Methods.

Method Principle

Enzymatic Measures HbA1c using an enzyme that
specifically targets the N-terminus of
the B chain

Immunoassay Uses antibody targeted against the

glycated N-terminus of the p chain

Boronate affinity Glycohemoglobin binds affinity resin,
while nonglycated Hb species pass

through the column

lon-exchange
HPLC

Separates Hb species based on charge

Capillary Separates Hb species based on charge

Advantages

No analytical interference from
Hb variants

No analytical interference from
the most common Hb variants
using newer-generation assays

Minimal analytical interference
from Hb variants

Able to detect the most common
Hb variants

High chromatographic resolution

Educational articles

Challenges
Unable to detect Hb variants

Unable to detect Hb variants;
newer-generation antibodies still
susceptible to interference from rarn
Hb variants

Measures all glycated Hb, not just
HbA1c; unable to detect Hb
variants; throughput

Prone to interference by Hb variant:
that co-elute with peaks of interest;
throughput

Throughput

electrophoresis  and hydrodynamic volume and resulting ability to detect

many Hb variants
Hb: hemoglobin; HbAlc: hemoglobin Alc; HPLC: high-performance liquid chromatography.

Conclusion

The reliability of HbA1c measurements across various assay technologies is ensured by
the standardization work of the NGSP and IFCC.33 This standardization links HbA1c
measurements to clinical outcomes from early landmark trials demonstrating the
relationship between controlling HbA1c levels and the reduction of diabetes-related
complications. Easy, accurate, and fast measurement of HbAlc promotes better
diabetes care through the assessment of average blood glucose levels over time,
enabling diabetes diagnosis and monitoring of glycemic control. Laboratories should
consider their own testing objectives (i.e., detection or avoidance of hemoglobin variant
interference, test volumes, ease of use) in the selection of HbA1c testing methods. The
novel, enzymatic VITROS® Alc Slides assay offers simplified and integrated workflows
on a consolidated testing platform with high throughput for routing testing.41 The

assay has no clinically significant interference from common hemoglobin variants.
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