
6  |  MAY/JUNE 2024  MLO-ONLINE.COM

CONTINUING EDUCATION :: DIABETES CLINICAL GUIDELINES 

Navigating the new normal 
for A1c analysis
Interpreting recently released clinical guidelines in the lab
By Matthew C. Wagner PhD

The recent “Guidelines and Recommendations for Labo-
ratory Analysis in the Diagnosis and Management of 
Diabetes Mellitus”1-2 has not been as disruptive to the 

hemoglobin A1c (HbA1c) testing space as expected. The 16 
HbA1c-related recommendations ((a)-(p) in the executive 
summary3) reflect current understanding of the diabetes 
testing environment and reaffirm and update previously 
established standards, making explicit the details only sug-
gested before and indicating the future direction of industry 
best practices. This article will summarize the recommenda-
tions and explain the reasoning behind select guidelines and 
their repercussions within the testing laboratory.

A. Laboratory-based HbA1c testing can be used to diag-
nose (a) diabetes, with a value ≥6.5% (≥48 mmol/mol) 
diagnostic of diabetes, and (b) prediabetes (or high risk 
for diabetes) with an HbA1c level of 5.7% to 6.4% (39 
to 46 mmol/mol). An NGSP-certified method should 
be performed in an accredited laboratory.

HbA1c is formed by slow, irreversible glycation of the 
N-terminal valine of hemoglobin’s beta globin chains. Ac-
cumulation in the blood reflects the patient’s average glycemic 
status over the previous 120 days. Normal glycemic control 
exhibits an HbA1c of <5.7%, while diabetics will have a value 
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LEARNING OBJECTIVES
Upon completion of this article, 
the reader will be able to:

1. Describe the goal of the “Guidelines and 
Recommendations for Laboratory Analysis in the 
Diagnosis and Management of Diabetes Mellitus.”

2. List parameters of glycemic control in different 
populations of patients.

3. Discuss biologic and nonbiologic interferences of testing 
methods of HbA1c.

4. Describe methods of QA and patient management of the 
disease through different result strategies.
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≥6.5%. Values between these are pre-diabetic, with high risk 
for progression. HbA1c is not recommended for gestational 
diabetes screening, since faster recognition and treatment is 
required to avoid injury to mother or fetus.

B. Recommendation: Point-of-care (POC) HbA1c testing 
for diabetes screening and diagnosis should be restricted 
to FDA-approved devices at CLIA-certified laboratories 
that perform testing of moderate complexity or higher.

This guideline highlights concerns about the accuracy of 
POC methods. Their exemption from proficiency testing (CLIA 
waived) prevents regular collection of HbA1c survey data by 
these methods. Evaluating them through publications, the 
guidelines quote several meta-analyses4-6 showing unacceptable 
bias and large coefficient of variation (CVs) in current POC 
devices. Stipulating FDA approval and use at CLIA-certified 
moderate-complexity labs overcomes this by requiring docu-
mentation of objective and ongoing acceptable performance.

C. HbA1c should be measured routinely (usually every 
3 months until acceptable, individualized targets are 
achieved and then no less than every 6 months) in most 
individuals with diabetes mellitus to document their 
degree of glycemic control.

D. Treatment goals should be based on ADA recommenda-
tions which include maintaining HbA1c concentrations 
<7% (<53 mmol/mol) for many nonpregnant people with 
diabetes and more stringent goals in selected individuals 
if this can be achieved without significant hypoglycemia 
or other adverse effects of treatment. (Note that these 
values are applicable only if the assay method is certified 
by the NGSP as traceable to the DCCT reference.)

E. Higher target ranges are recommended for children 
and adolescents, and are appropriate for individuals 
with limited life expectancy, extensive co-morbid ill-
nesses, a history of severe hypoglycemia, and advanced 
complications.

The clinical use of HbA1c% is in diabetic monitoring regard-
ing the long-term vascular damage of chronic complications: 
neuropathies, retinopathy, kidney failure, diabetic ulcers, heart 
damage, and increased incidence of stroke. The <7% target 
minimized progression of chronic diabetic complications in 
landmark studies7-8 balanced against the hazards of acute 
hypoglycemia. However, this update suggests promotion of 
“personalized” targets for some population subsets, account-
ing for differences in risk and clinical condition, allowing 
more stringent or relaxed targets, including:

F. During pregnancy and in preparation for pregnancy, 
women with diabetes should try to achieve HbA1c goals 
that are more stringent than in the nonpregnant state, 
aiming ideally for <6.0% (<42 mmol/mol) during preg-
nancy to protect the fetus from congenital malforma-
tions and the baby and mother from perinatal trauma 
and morbidity owing to large-for-date babies.

Diabetics during pregnancy have a more stringent (<6.0%) 
target, due both to fetal risk and to increased erythropoietin 
levels accelerating RBC turnover,9 depleting HbA1c in the blood-
stream. This accounts for pregnant patients’ HbA1c% reflecting 
glycemic status differently. A pregnant, diabetic patient might 
have an HbA1c of 6.5 %, which is below the standard <7.0%, but, 

for them, indicative of poorly controlled diabetes. Recognition 
that an analyte reflects conditions differently in some patients 
aligns with the current trends of personalized medicine.

G. Laboratories should be aware of potential interferences, 
including hemoglobin variants that may affect HbA1c 
test results depending on the method used. In selecting 
assay methods, laboratories should consider the potential 
for interferences in their particular patient population.

This raises several questions: What is required of the lab? 
Can labs with a low diversity patient population ignore this 
guideline? What diversity threshold is low enough? Numerous 
studies document HbA1c testing of inappropriate patients, 
although rates differ widely.10-11 One pulled a random sampling 
of their lab’s HbA1c orders and found sufficient S/S, S/C, and 
S/Beta-thalassemia patients to project 2,000 to 3,000 improperly 
ordered samples per year.10 These guidelines suggest checking 
the National Glycohemoglobin Standardization Project (NGSP) 
interferences website and reading limitations in manufacturer 
product instructions. Labs may be surprised by the cautions 
they find: Some immunoassays warn about high Hb F (>10%) 
artificially lowering measured HbA1c, and state “care must be 
taken” with variants;12-15 other versions cautioning against diag-
nosis or monitoring in sickle trait patients.16 Other enzymatic 
methods warn against high HbF interference without defining 
“high” and caution against use in trait patients except where 
it’s been proven to have no influence on results.17

The NGSP website acknowledges inherent HbF interference 
by certain methodologies, stating “In the absence of specific 
method data, it can generally be assumed that immunoassay, 
boronate affinity and enzymatic methods show interference 
from elevated Hb F levels.”18 The irony of these cautions in 
non-separation methodologies (HbA1c% produced without 
an Hb profile) is that they cannot see interferences, raising the 
alarm only for results outside the physiologic range. Separation 
techniques (CE-HPLC or capillary electrophoresis) display the 
separated hemoglobin fractions with their result, enabling better 
detection and evaluation of interferences, some even flagging 
abnormalities for review. Hb F has less impact as a result in these 
methods,18 e.g., capillary electrophoresis finds no interference 
for HbF<23% due to the isolation of the HbF peak from HbA0 
and HbA1c,19 and rare variants co-migrating and distorting 
the HbA0 or HbA1c peaks trigger safeguards blocking result 
calculation, preventing misreporting events. However, there are 
other reasons to recognize variants in diabetes testing:

H. HbA1c measurements in individuals with disorders 
that affect red blood cell turnover may provide spurious 
(generally falsely low) results regardless of the method 
used and glucose testing will be necessary for screening, 
diagnosis, and management.

Shortening the average 120-day RBC lifespan lowers equi-
librium HbA1c%, as hemoglobin will have less blood glucose 
exposure, counter-indicating its standard use in diabetic man-
agement. This is not a method-dependent analytical interfer-
ence, but a biological one, suppressing HbA1c accumulation. All 
current methodologies warn against these misleading values, 
listing conditions like hemolytic anemia, blood loss, transfu-
sion, iron deficiency, and spherocytosis.12-16,19 Hemoglobinopa-
thies, typically evident by separation methods but invisible 
to non-separation methods, may also impact RBC lifespan 
or glycation rates. Although the NGSP website declares few 
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interferences from common variants,18 this covers analytical 
interference, not biological. Hb S trait, typically clinically silent 
(and frequently undiagnosed), has historically been shown to 
significantly accelerate RBC turnover,20-21 likely linked to the 
reduced HbA1c% in this population,22 and leading the American 
Diabetes Association to note “…it seems prudent to establish 
A1C goals in these [sickle trait and other] populations with 
consideration of individualized CGM, BGM, and A1C results.”23 
Thalassemias, mutations limiting hemoglobin production, 
similarly accelerate RBC turnover,24-25 and may be incidentally 
detected in some HbA1c methods — capillary electrophoresis 
visualizes a non-reportable but indicative HbA2, whose gross 
elevation could indicate beta thalassemia. These incidental 
discoveries alert clinicians to possible HbA1c discrepancies.

I. Assays of other glycated proteins, such as fructosamine 
or glycated albumin, may be used in clinical settings 
where abnormalities in red blood cell turnover, hemo-
globin variants, or other interfering factors compromise 
interpretation of HbA1c test results, although they 
reflect a shorter period of average glycemia than HbA1c.

J. HbA1c cannot be measured and should not be reported 
in individuals who do not have Hb A, e.g., those with 
homozygous hemoglobin variants, such as Hb SS or Hb 
EE; glycated proteins, such as fructosamine or glycated 
albumin, may be used.

A patient without native HbA cannot produce HbA1c. Any 
HbA1c reporting in this patient is analytically and fundamen-
tally incorrect. Non-separation methodologies are incapable 
of distinguishing between HbA1c and most glycated variants, 
reporting values even in homozygous or doubly heterozygous 
beta variant patients. Accelerated RBC turnover or glycated 
variant mismatch may drive test results non-physiologically 
low, but those with milder impact may go undetected, possibly 
causing misdiagnosis noted in case studies.26-31 Separation 
techniques uncovering non-A patients may flag the patient or 
be incapable of providing results, an in-test safety factor. When 
biological or analytical interferences impact an HbA1c result, 
other glycated proteins can be used as a second-best option.

K. Laboratories should use only HbA1c assay methods 
that are certified by the NGSP as traceable to the DCCT 
reference. The manufacturers of HbA1c assays should 
also show traceability to the IFCC reference method.

Prescribed target values assume that all assays employ 
the same scale correlating HbA1c to diabetic complication 
risk. Manufacturers prove this by showing traceability to the 
IFCC HbA1c% reference method, but approaches vary widely. 
Immunoassay and enzymatic methods measure HbA1c by 
targeting glycation site epitopes, excluding glycated-HbF 
but including variants if mutations are located elsewhere. 
“Total HbA” is approximated based on spectroscopic analysis 
or optical methods (respectively) that pool all hemoglobins, 
skewing the formula in the presence of abnormal production. 
Boronate Affinity sorts hemoglobins into “glycated” and “non 
glycated’ fractions, deriving HbA1c% from a curve fit not ac-
counting for any abnormal Hbs. HPLC is more discriminating, 
as variant structures anywhere within a hemoglobin may 
shift elution time. However, incidental separation of a myriad 
of “HbA total” subspecies (labile, acetylated, etc.) requires 
careful re-collection, occasionally complicated by co-eluting 
rare variants.32-34 Capillary electrophoresis minimizes these 

complications, simplifying the pattern through migration 
fine tuning, gathering extraneous fractions together while 
separating variants, and allowing HbA1c and total HbA 
quantification by the same detection method.

L. Laboratories that measure HbA1c should participate 
in an accuracy-based proficiency-testing program that 
uses fresh whole blood samples with targets set by the 
NGSP Laboratory Network.

Proficiency testing provides essential method quality 
checks for certified laboratories. In providing samples with 
established HbA1c IFCC reference method results (methods 
impractical in clinical labs), the pooled participant results 
evaluate method variance and bias, although Hb variants 
are typically neglected.

M. The goals for imprecision for HbA1c measurement are 
intra-laboratory CV <1.5% and inter-laboratory CV 
<2.5% (using at least 2 control samples with different 
HbA1c levels), and ideally no measurable bias.

These guideline CVs, a significantly tightening from prior 
guidelines (2% and 3.5%, respectively),35 mean that two suc-
cessive patient samples differing by 0.5% have a 95% chance 
of reflecting a real change in glycemic status, rather than 
random instrument scatter. Comparison with current CAP (a 
popular proficiency testing resource) data36 where ±6% is the 
acceptable limit, highlights the new guideline’s stringency. 
Comparison with the EuroA1c project (a European-centered 
program involving 22 nations) shows that CV<2.5% lands 
within the “silver medal” range, a triumph consistently 
achieved by only few methodologies.37

N. HbA1c should be reported as a percentage of total 
hemoglobin or as mmol/mol of total hemoglobin.

O. HbA1c may also be reported as estimated average 
glucose (eAG) to facilitate comparison with the home 
glucose monitoring results and make the interpretation 
of the HbA1c more accessible to people with diabetes.

HbA1c% values are used in the United States; mmol/
mol is used throughout Europe and much of the rest of the 
world. However, patients require connection between the 
infrequently measured HbA1c and their daily glycometer 
reading to better manage dietary choices, insulin regiment, 
and alleviate anxiety about their disease progression. Offering 
an eAG value in parallel with their A1c result can provide 
this connection.

P. Laboratories should verify by repeat testing specimens 
with HbA1c results below the lower limit of the reference 
interval or greater than 15% (140 mmol/mol) HbA1c.

Regulating responses to non-physiologic results serves two 
purposes: troubleshooting instrument malfunction, and as a 
fail-safe against misreporting samples with interferences. Upon 
retesting, a changed result indicates instrument malfunction, 
and an identically repeated result indicates a hemoglobinopa-
thy or other interference should be suspected. While important 
for all HbA1c methods, this is essential for the non-separation 
methodologies as the sole interference failsafe, while separation 
methods’ visualizing of unusual hemoglobin profiles can detect 
many interferences even without the numerical result review.
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These guidelines, while reaffirming the prior version,35 
expand upon advice to watch for “marked discordance 
between measured A1c and plasma glucose levels,”35 in-
dicating either analytical interferences or conditions that 
“alter the relationship between A1c and glycemia.” The new 
guidelines set tighter standards, make explicit the potential 
for misleading results, and define patients for whom the test 
is absolutely inappropriate. Previously cautioning against 
diagnosis by HbA1c in certain patients, now any HbA1c 
reporting at all is strongly discouraged in the presence of 
analytical interference, biological interference, or condi-
tions of altered RBC turnover. These recommendations are 
in alignment with HbA1c assay package inserts stating they 
are not appropriate for use in patients 
without hemoglobin A or even in the 
diagnosis of patients with trait hemo-
globinopathies. In conclusion, the arc 
of the regulatory environment defined 
by these updated guidelines is leaning 
heavily toward personalized goals for 
specific diabetic patients and issues 
that are clearly addressable only by 
separation methods. 
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