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Abstract

The importance of hemoglobin A1c (HbA1c) as an indicator of mean glycemia and risks for 

complications in patients with diabetes mellitus was established by the results of long-term clinical 

trials, most notably the Diabetes Control and Complications Trial (DCCT) and United Kingdom 

Prospective Diabetes Study (UKPDS), published in 1993 and 1998 respectively. However, clinical 

application of recommended HbA1c targets that were based on these studies was difficult due to 

lack of comparability of HbA1c results among assay methods and laboratories. Thus, the National 

Glycohemoglobin Standardization Program (NGSP) was initiated in 1996 with the goal of 

standardizing HbA1c results to those of the DCCT/UKPDS. HbA1c standardization efforts have 

been highly successful; however, a number of issues have emerged on the “long and winding 

road” to better HbA1c, including the development of a higher-order HbA1c reference method by 

the International Federation of Clinical Chemistry (IFCC), recommendations to use HbA1c to 

diagnose as well as monitor diabetes, and point-of-care (POC) HbA1c testing. Here, we review the 

past, present and future of HbA1c standardization and describe the current status of HbA1c 

testing, including limitations that healthcare providers need to be aware of when interpreting 

HbA1c results.
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1. Introduction

Diabetes mellitus is characterized by chronic hyperglycemia and is a major cause of 

retinopathy, nephropathy and neuropathy. The burden of diabetes is increasing globally, 

particularly in developing countries, with over 346 million people diagnosed worldwide [1]. 

Hemoglobin A1c (HbA1c) is an important measure of glycemic status that has become 

fundamental to managing patients with diabetes. HbA1c is being used not only to guide 

diabetes treatment but to assess quality of care, and to predict risk for development and 

progression of diabetes complications. More recently, it has also been recommended for use 

in diagnosis.
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There have been many advances in the treatment of diabetes, two of the most important 

being the development of portable blood glucose meters that can be used for self-monitoring 

of blood glucose by patients, and the establishment of HbA1c as an important long-term 

indicator of glycemia. These developments have allowed patients and their healthcare 

providers to better assess (and therefore better manage) glycemic status. Another important 

development has been the establishment of a definitive link between glycemia and the risks 

for diabetes complications. Until the early 1990s there was much debate over whether blood 

glucose levels in persons with diabetes could be maintained close to normal long-term, and 

whether doing so would actually prevent or delay the development of complications. 

However, the results of long-term prospective trials published in the 1990s provided 

irrefutable proof that diabetes complications are directly related to mean glycemia as 

measured by HbA1c [2, 3]. This in turn has led to recommendations that patients achieve 

specific HbA1c target levels in order to minimize risks for complications. However, the 

initial lack of HbA1c standardization made it difficult to utilize these targets in clinical 

practice due to substantial variability in results among methods and laboratories [4–6]. 

Fortunately, efforts to standardize HbA1c testing have been highly successful, resulting in 

much improvement in the comparability of results.

The purpose of this report is to review the “long and winding road” to better HbA1c 

measurements for optimal diabetes care. Along the way there have been “detours” that, 

while distracting from the end goal of improving the quality of HbA1c measurements, have 

nonetheless helped to better define the optimal use of HbA1c and set goals for improvement.

2. Background

In 1955 Kunkel and Wallenuis reported the separation of minor hemoglobin components on 

starch block electrophoresis [7]. Several investigators subsequently utilized ion-exchange 

chromatography to separate several minor hemoglobin components which were eventually 

labeled HbA1a, HbA1b, HbA1c, HbA1d and HbA1e in order of their elution from the 

column [8–10]. In 1968 Rahbar and colleagues reported that HbA1c levels were elevated in 

subjects with diabetes [11]. During the 1970s and early 1980s the structure and formation of 

HbA1c were further characterized [12–14]. Of the fast-moving hemoglobins originally 

identified by cation-exchange chromatography in the 1950s, HbA1c is present in the greatest 

quantity in both diabetic and non-diabetic individuals. HbA1c is a specific glycated 

hemoglobin (GHB) formed by the interaction of glucose and the amino-terminal valine of 

one or both beta chains of HbA in a multistep condensation reaction of glucose with an 

amine moiety of hemoglobin [15]. Glycation of hemoglobin also takes place at sites other 

than the ends of the beta chains, such as the epsilon amino groups of lysine residues and the 

amino-terminal valines of the alpha chains. These GHBs, unlike HbA1c, cannot be separated 

from non-glycated hemoglobins by methods that separate molecules based on charge 

differences. It was not until the early 1980s that these other glycated components, in 

addition to HbA1c, could be measured using boronate affinity chromatography [16, 17].

GHBs, including HbA1c, are formed continuously from HbA at a rate proportional to the 

ambient glucose concentration. Therefore, the amount of GHB is a function of the 

erythrocyte lifespan and the glucose levels to which the erythrocytes have been exposed. 
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HbA1c is thus a “weighted” average of blood glucose levels during the preceding 120 days, 

meaning that glucose levels in the preceding 30 days contribute substantially more to the 

level of HbA1c than do glucose levels 90–120 days earlier [18]. This explains why the level 

of HbA1c can increase or decrease relatively quickly with large changes in glucose; it does 

not take 120 days to detect a clinically meaningful change in HbA1c following a clinically 

significant change in average glucose. HbA1c is free of the large fluctuations that can occur 

with glucose measurements.

As the popularity of HbA1c testing increased, so did the number of assays available for the 

clinical laboratory. In the early 1970s Trivelli, et al [19] measured HbA1c by cation-

exchange chromatography but this method was too laborious for routine clinical 

laboratories. The method was subsequently modified for routine use, and in the late 1970s 

ion-exchange mini-columns became available; ion-exchange HPLC methods soon followed. 

Methods using agar gel electrophoresis, boronate affinity chromatography and immunoassay 

were subsequently developed and by the early 90s there were several methods available 

which used different method principles and measured different glycated components (HbA1, 

HbA1c, total GHB). The principle of all methods is to either separate the glycated and 

nonglycated forms of hemoglobin or separate HbA1c specifically from the other 

hemoglobins. This is accomplished based on either differences in charge (e.g. by ion-

exchange HPLC with measurement of HbA1c) or structure (e.g. by immunoassay with 

measurement of HbA1c or by boronate affinity chromatography with measurement of total 

GHB). Unfortunately, there was no consensus on either a reference method or reference 

material and absolute numbers generated in one laboratory could not be compared easily to 

numbers generated in another laboratory, even if both used the same basic assay method 

and/or the same glycated component [5].

3. HbA1c: A Link to Clinical Outcomes in Diabetes

Before 1993, HbA1c was used in a general way for estimating the level of glycemic control, 

e.g. lower HbA1c meant lower average glucose. Studies published in the late 1980s and 

early 1990s indicated a link between glycemic control and diabetes complications [20–24], 

and the European NIDDM Policy Group published a consensus document in 1988 that 

included targets for blood glucose control[25], but there were no explicit HbA1c target 

levels (due largely to an acknowledged lack of HbA1c standardization) and not everyone 

was convinced that tighter control of glucose levels led to better outcomes. It was not until 

the publication of the results of the Diabetes Control and Complications Trial (DCCT) in 

1993 that the importance of HbA1c as an indicator of both mean glycemia and 

corresponding outcome risks was firmly established [2].

The DCCT was a large (1441 patients followed over a mean of 6.5 years) prospective long-

term randomized trial that provided definitive proof that intensive glycemic control 

significantly reduces the risk of long-term diabetes complications and allowed establishment 

of specific HbA1c treatment goals. Soon after the publication of the results of the DCCT, the 

American Diabetes Association (ADA) recommended HbA1c of 7% and an action limit of 

8% as a general treatment goal for all patients with diabetes. However, lack of 

standardization made it difficult for healthcare providers to utilize these HbA1c targets in 
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clinical practice since there was no way of knowing how their patient’s test results compared 

to those from the DCCT. Proficiency testing results from 1993 showed that there was 

considerable variability within and between methods and differences in the analytes reported 

(HbA1c, HbA1 or total GHB); for example, a result of 10% by one method could be a 15% 

by another [26].

Because of the positive impact standardization of HbA1c determinations would have on the 

care of diabetic patients, the American Association for Clinical Chemistry (AACC) 

Standards Committee established a HbA1c Standardization Subcommittee in April 1993. 

The goal of the subcommittee was to develop a plan for HbA1c standardization that would 

ultimately allow individual clinical laboratories to relate their HbA1c assay results to those 

of the DCCT, where relationships of HbA1c values to mean blood glucose and to risks for 

developing chronic diabetic complications had been established.

Although the DCCT was completed in 1993, the HbA1c assay systems from the study were 

to remain in place as part of another National Institutes of Health-sponsored long-term 

diabetes study called the Epidemiology of Diabetes Interventions and Complications 

(EDIC); the EDIC would follow the DCCT patients for many years to come. In order to 

initiate a standardization program in a timely fashion, the subcommittee recommended that 

the DCCT reference method be used as an interim reference method while studies were 

being performed to evaluate candidate reference methods and to develop purified HbA1c 

standards. Standardizing HbA1c results to DCCT values would allow individual clinical 

laboratories to provide diabetic patients and their health-care providers with test results that 

could be related directly to risks for development and/or progression of chronic diabetes 

complications. Although the DCCT included only patients with Type 1 diabetes, results 

from a similar study in Type 2 diabetes, the United Kingdom Prospective Diabetes Study 

(UKPDS) [3] also showed a direct relationship between glycemic control (measured by 

HbA1c) and risk for complications. Fortunately, HbA1c results from the DCCT and UKPDS 

were linked to a common reference.

4. The NGSP Reference Method and Standardization

It was recognized that the HbA1c results reported by the DCCT Reference Method were not 

“true” values since there was known to be some nonspecificity in the measurement. 

Nevertheless, expediency, consistency over time, and a direct relationship with clinical 

outcomes were considered to be most important. The long-term stability of this method is 

shown in Figure 1.

Early efforts to standardize HbA1c/GHB results among clinical laboratories by using a 

“universal calibrator” proved feasible with some assay methods [27]. Later studies showed, 

however, that such an approach, although simple, did not work for a number of existing 

methods [28]. It was found that materials prepared for use as calibrators, quality control 

materials, and proficiency-testing samples are often subjected to preparative processes that 

may cause them to yield results that differ appreciably from those of patient specimens 

(matrix effects). Since an important goal was to allow standardization of most existing and 

future assay methods, it was proposed that, for most assay methods, standardization to the 
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DCCT reference could be performed best at the manufacturing level, where the most 

appropriate materials and standardization format for each method could be determined. It 

was also proposed that verification of method standardization should be based on fresh 

sample comparisons with the DCCT Reference Method in order to avoid any potential 

matrix effects due to the use of processed materials.

5. The NGSP Network and Process

The NGSP HbA1c standardization program began in 1996 to implement the 

recommendations of the AACC subcommittee. The NGSP approach to HbA1c assay 

standardization was modeled after the US Cholesterol Reference Method Laboratory 

Network program [29]. The Cholesterol program was based on performing split-sample 

comparisons with the cholesterol reference method and thus provided a means for 

manufacturers to establish traceability to the National Reference System for Cholesterol. For 

HbA1c standardization, a network of reference laboratories is calibrated to the DCCT 

Reference values.

The NGSP network and process are shown in figure 2. The NGSP consists of a Steering 

Committee and a network of reference laboratories including the Central Primary Reference 

Laboratory (CPRL), backup Primary Reference Laboratories (PRLs) and Secondary 

Reference Laboratories (SRLs). The Steering Committee works with the Laboratory 

Network to implement the HbA1c Standardization Program according to the protocol. The 

committee is responsible for reviewing policy/protocol changes and quarterly reports 

submitted by the Laboratory Network. The NGSP Network consists of an Administrative 

Core (NETCORE), a CPRL, two PRLs, one in the US and one in Europe, and eight SRLs, 

three in the US, four in Europe, and one in Asia. The NETCORE coordinates the 

certification process and communicates directly with the Steering Committee. The Core 

analyzes all certification and network monitoring data, sends reports to the Steering 

Committee, and issues certificates to laboratories and manufacturers.

The CPRL and PRLs analyze HbA1c using the same Bio-Rex 70 cation-exchange assay 

method; the CPRL is located in the same laboratory that was used in the DCCT. The CPRL 

set the initial calibration for the standardization program based on the “set-point” used in the 

DCCT. In this way, clinical results could match those reported in the DCCT/EDIC and 

UKPDS which would facilitate use of the treatment goals recommended by the ADA [30]. 

The PRLs serve as back-up laboratories for the CPRL to ensure that the CPRL function 

continues without interruption in the event that the CPRL can no longer meet the needs of 

the program. PRLs and SRLs calibrate their assays so that results from fresh blood 

specimens match with those of the CPRL. The CPRL administers a monthly monitoring 

program for all NGSP network laboratories using frozen whole blood pools. The SRLs work 

directly with manufacturers to assist them in calibrating their methods, and provide data for 

certification of traceability to the DCCT. The SRLs use highly precise commercial methods 

that utilize different method principles (including ion-exchange HPLC, boronate affinity 

HPLC, immunoassay, and capillary electrophoresis) but use a different calibration scheme 

than that which is provided by the manufacturer. Specific network certification and 

monitoring criteria are described on the NGSP website [31].
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The three major processes of the NGSP are also shown in figure 2. NGSP network 

laboratories can assist manufacturers with the calibration of their methods. Once calibrated, 

methods can be certified by the manufacturer. The certification process consists of an 

exchange of 40 fresh or frozen whole blood samples representing a specified range of 

HbA1c values between a manufacturer and an NGSP SRL of their choice. A manufacturer is 

awarded a Certificate of Traceability if 37/40 of the individual results are within 7% of the 

SRL mean. Each certificate is effective for one year from the date of certification. In order 

to maintain continuous certification, the certification process must be repeated annually. A 

summary of NGSP certification and monitoring activities is shown in Table 1. Criteria for 

both certification and monitoring have tightened over the years since the NGSP began. 

Individual laboratories can also be certified if they choose; these laboratories are usually 

participating in clinical trials or performing high volume testing. The certification process 

for laboratories is the same as that for manufacturers, but there are two levels of laboratory 

certification. Level II certification criteria are the same as those for manufacturers. Level I 

certification is tighter; 38/40 of the individual results must be within 7% of the SRL mean. 

Level I laboratories are also monitored quarterly using the same process and criteria used for 

monthly monitoring of NGSP network laboratories.

The third component of the NGSP process is surveillance of the CAP HbA1c proficiency 

data. This process is critical for monitoring the success of the NGSP. The CAP GH-2 survey 

is performed twice a year. Beginning in 1998, fresh whole blood samples were used and 

target values assigned by the mean of NGSP SRLs. Grading became accuracy-based in 2007 

and the acceptance criteria have since been gradually tightened to the current limit of +/−7% 

of the NGSP target (+/−6% limit is planned to begin in 2013). This has added momentum 

for laboratories and manufacturers to improve the quality of HbA1c testing as we move 

further down the road to better HbA1c.

6. Global Standardization and The IFCC network

In 1995 the IFCC Working Group on HbA1c Standardization, which included members of 

the NGSP Steering Committee, was initiated to develop a higher order reference method and 

reference materials for HbA1c measurement that would fulfill the requirements of the 

European Directive [32] for HbA1c methods to show traceability to higher order reference 

methods. Although the NGSP CPRL method is listed as a Reference Method in the database 

of the Joint Committee on Traceability in Laboratory Medicine [33], the method is not the 

highest order reference method available. The IFCC method would be an estimate of “true 

value” with documented unbroken traceability to pure reference materials. The IFCC 

established a laboratory network that includes 14 laboratories/methods at the time of this 

report. Each laboratory uses 1 or both of the 2 approved IFCC methods, namely HPLC – 

mass spectrometry or HPLC – capillary electrophoresis [34, 35], with results being 

essentially identical between them since they use the same primary reference materials for 

calibration. The IFCC also offers manufacturers matrix-appropriate materials (frozen whole 

blood) with values assigned by the IFCC network to establish and check traceability [36].

The IFCC Reference Method for HbA1c was approved by IFCC national members in 2001. 

However, there was a major obstacle in the implementation of the IFCC program because 
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there was a bias between the NGSP and IFCC results; IFCC results were between 1.5 and 

2% HbA1c lower than NGSP results across the measurement range. Despite the fact that the 

IFCC network and process provided traceability to a “true value”, and the IFCC method 

would become the anchor for international standardization, there were concerns expressed 

by the NGSP and major clinical organizations that changing the numbers reported in routine 

practice could cause confusion. One set of results could be confused with the other causing 

misinterpretation that could adversely affect patient care. This concern, plus the fact that 

there was no evidence that a change in reported results from NGSP to IFCC would improve 

the quality of patient care, led to years of debate about which numbers should be reported in 

clinical practice.

In 2007 the IFCC, ADA, European Association for the Study of Diabetes (EASD), and the 

International Diabetes Federation issued a consensus statement on the worldwide 

standardization of HbA1c [37]. It recognized that the IFCC reference system should be the 

anchor for worldwide standardization, but also recommended that HbA1c be reported in 

both IFCC and NGSP units. To avoid any confusion, IFCC results were to be reported in 

mmol/mol. IFCC numbers reported in mmol/mol would now be approximately ten times 

higher than NGSP results, which would continue to be reported as a percent. It was also 

agreed that values could be reported as estimated average glucose (eAG), as previously 

recommended by several clinical organizations, if the outcome of a forthcoming study 

examining the relationship between average blood glucose and HbA1c showed this to be 

feasible [38]. Although subsequent publication of results from this study established a linear 

relationship between average glucose and HbA1c and declared that HbA1c results could be 

reported as eAG, many experts believed there was too much variability in the HbA1c/

glucose relationship and the eAG should not be reported [39]. An updated consensus 

statement issued in 2010 no longer included the recommendation to report eAG [40].

Despite the recommendations in the consensus statements, the decision of how HbA1c will 

be reported is being done country by country. At this point some countries have decided to 

report HbA1c in NGSP %, some have decided to report in IFCC mmol/mol, some report 

both units, and some have not yet decided. Only the US has recommended reporting eAG 

along with HbA1c, and the US plans to continue to report HbA1c as NGSP%. Despite the 

lack of global consensus for reporting HbA1c there is now a clear way to relate the different 

reported results. With the use of a master equation based on many years of NGSP/IFCC 

Network to network comparisons (NGSP = [0.09148 * IFCC] + 2.152), NGSP and IFCC 

units can easily be converted from one to the other. This equation is continuously monitored 

to insure that the relationship between the “true values” (IFCC) and clinical studies/

treatment goals (NGSP/DCCT) remains stable. The NGSP and IFCC Reference Systems 

serve different but complementary purposes, with the former applying defined acceptable 

limits for method performance that are based on clinical requirements and the latter 

providing traceability to an accuracy base. There are still unanswered questions about how 

all these changes will affect global standardization of HbA1c. There is some evidence that a 

change in the scale of HbA1c results can affect patient glycemic control. This psychological 

effect was reported in Sweden when there was a change from the Swedish Mono-S 

calibration to numbers comparable to those from the DCCT; after adjusting for the higher 

DCCT assay calibration, patient HbA1c results actually decreased significantly indicating 
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improvement of glycemic control [41]. Conversely, when the laboratory changed back to 

their Mono-S calibration patient glycemic control worsened. Although the IFCC change 

from % to mmol/mol will increase patients’ HbA1c results, it is difficult to predict what 

effect such a large increase (almost 10 fold) will have on patient care. Much will depend on 

how the changes are introduced country by country to healthcare providers and to their 

patients.

7. Use of HbA1c for Diagnosis

Historically, every scheme for the diagnosis of diabetes has relied on measurement blood 

glucose in timed samples (i.e. fasting or after a glucose load). The use of HbA1c for diabetes 

diagnosis had been debated for many years [42]. In the past HbA1c was considered but not 

accepted for use in diagnosis due in part to lack of standardization. However, in 2009, an 

International Expert Committee recommended HbA1c for diagnosis [43], stating that 

compared with the measurement of glucose, the HbA1c assay was at least as good at 

defining the level of hyperglycemia at which retinopathy prevalence increases. The HbA1c 

test also had some practical and technical advantages compared to glucose. Following the 

Expert Committee report, the ADA recommended that HbA1c levels ≥6.5% could be used to 

diagnose diabetes and that the diagnosis should be confirmed with a repeat HbA1c test. In 

addition, the ADA recommendations stated that a HbA1c level ≥5.7% but <6.5% is 

indicative of prediabetes, or risk for progression to diabetes [44]. Other clinical 

organizations, including the World Health Organization and EASD have subsequently 

recommended HbA1c for diagnosis although their recommendations are not all identical to 

those of the ADA [45, 46]. Although the recommendations to use HbA1c for diagnosis 

represents a clinically useful step along the road to better HbA1c, these recommendations 

have prompted fierce debate about how diabetes should be defined and whether HbA1c 

should be used for diagnosis [47]. Oral glucose tolerance testing (OGTT) is clearly more 

sensitive than HbA1c but HbA1c shows more specificity; although there is overlap, the 

different diagnostic tests do not identify all of the same individuals. The HbA1c test would 

miss some people diagnosed by OGTT but many that can be diagnosed with HbA1c (e.g. 

from a non-fasting sample) may not be tested at all if they need to be fasting for a fasting 

glucose test or an OGTT. Clearly there are advantages and disadvantages to the different 

diagnostic tests.

Along with debate about whether or not HbA1c should be used for diagnosis, there was 

another roadblock. In the US, although physicians have actually been using HbA1c as a 

diagnostic tool for many years, the claims made by manufacturers of HbA1c methods do not 

cover their use for diagnosis. In order for a diagnosis claim to be included in product inserts, 

a new claim will have to be approved by the US Food and Drug Administration (FDA) and 

this has proven to be a difficult task. More than two years after the first clinical 

recommendation to use HbA1c for diagnosis, discussions continue regarding the criteria that 

should be used for approval of diagnosis claims.
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8. The Current Status of HbA1c Measurement

The NGSP uses data from the CAP HbA1c proficiency testing program to assess the success 

of standardization and the improvement in HbA1c measurement. Figure 3 shows CAP data 

from HbA1c surveys in 1993, 1999, 2004 and 2012. It is clear that despite all of the 

obstacles on the way to better HbA1c measurement, there has been considerable progress 

made since 1993 when the DCCT ended. There has been a steady increase in the number of 

methods and laboratories that have been certified since the NGSP was initiated in 1996. As 

of mid 2012 approximately 110 methods and 110 laboratories were certified. This 

continuous rise in certification documents the ability of manufacturers to continuously 

improve their methods with progressive tightening of certification criteria. The increase in 

both manufacturer and laboratory certifications also reflects continued demand for methods 

and laboratories that can meet the needs of diabetes care teams, clinical research and clinical 

trials. A list of NGSP certified methods and laboratories (updated monthly) is available on 

the NGSP website [48].

In determining goals for HbA1c measurement, it is important to realize that there was only a 

2% HbA1c difference between mean HbA1c in the DCCT intensive and standard treatment 

groups; this small difference translated into a very significant decrease in the risk for many 

diabetic complications; 34–76%, 56%, and 60% for retinopathy, albuminuria, and 

neuropathy, respectively. Clinically, HbA1c is used not only to determine if glycemic 

control is improving or worsening (HbA1c relative to a previous result) but also to 

determine how close the patient is to their HbA1c goal (HbA1c relative to a fixed limit). 

Thus, in determining the analytical performance required for optimal clinical use, both bias 

from a reference and imprecision must be considered. In general, based on ADA and 

National Institute for Health and Clinical Excellence treatment guidelines, 0.5% HbA1c is 

considered a clinically significant change [49, 50] and specific treatment goals for HbA1c 

are recommended. Lind, et al [51], in a study of the temporal relationship between HbA1c 

and diabetic complications in the DCCT, found that for a reduction in HbA1c from 8.3% to 

8.0%, only 13 patients would need to be treated during the 9 to 12 years after diagnosis in 

order to prevent one event of retinopathy. In addition, HbA1c is now recommended for 

prediabetes and diabetes diagnosis with cutoffs of 5.7 and 6.5% respectively. Therefore, 

goals for HbA1c assay precision and bias must be stringent in order to meet diagnostic and 

clinical expectations.

In 2012 most method means are close to the NGSP target but some still have significant bias 

(figure 3). Within-method variability is still also quite high for some methods but very small 

for others. For some methods (approximately 30%), pass rates at the current CAP limit of 

±7% were between 95 and 100% while others, with more bias and/or variability, had lower 

pass rates. However, 90% of laboratories were using methods with between-laboratory CVs 

≤3.5% (based on the 2012 CAP data for a sample in the 7% HbA1c range) and the overall 

pass rate was ~95%. Therefore 95% of laboratories can provide a result within 0.5% HbA1c 

of the ADA 7% HbA1c target (7% of 7% HbA1c is ~0.5% HbA1c). It should be noted that 

NGSP certification is performed by the manufacturer, typically using a single lot of reagents 

and calibrators, while the CAP survey involves individual laboratories which may be 

utilizing many different reagent and/or calibrator lots. This could explain why performance 
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of some methods in the field may not be adequate even though all the current methods listed 

on the CAP report have been certified.

Recent guidelines for the laboratory analysis in the diagnosis and management of diabetes 

[52] recommend that within-laboratory CV should ideally be less than 2% and between-

laboratory CV should be less than 3.5%. It is encouraging that most (but certainly not all) 

CAP survey participants are using methods that can provide within-laboratory CVs of <2%, 

and most laboratories are using methods with between-laboratory, within-method CVs of 

<3.5%. Figure 4 shows overall CVs (all methods’ results combined) for each individual 

CAP sample from 2000 through 2012 separated into three categories based on HbA1c level 

(4–6%, 6–8%, 8–10%). This data shows that the all-method CVs have been decreasing since 

2000 and that some CVs in past few surveys are down to 3.5%. Although the CAP survey 

participants are mostly from the US (~90%), similar methods are used in Europe and many 

other developed countries. It is difficult to know the status of HbA1c measurement in other 

areas of the world that may have methods that are more localized and possibly not NGSP 

certified. The goal of 3.5% for all-method results is close to being achieved.

9. Point-of-Care (POC) Testing

An important issue in efforts to improve the quality of HbA1c testing is the status of point-

of-care (POC) HbA1c methods. CAP survey data indicate that POC methods for HbA1c, as 

a group, do not necessarily perform worse than many laboratory-based HbA1c methods. 

However, POC methods are CLIA-waived, meaning that laboratories or physicians’ offices 

that use these methods are not required to participate in CAP or other proficiency surveys 

and the vast majority choose not to do so. We therefore have little or no CAP proficiency 

data for most POC methods and therefore have little knowledge of how these methods 

actually perform in the hands of end-users. This is a major concern given the widespread use 

of POC tests and the fact that recent reports indicate that some POC methods have 

significant issues in terms of assay performance and lot-to-lot variation [53, 54].

10. Limitations of HbA1c Testing

For the vast majority of patients with diabetes, HbA1c provides an excellent measure of 

glycemic control. Similarly, for most people HbA1c can be used for diagnosing diabetes. 

However, in certain situations HbA1c may be unreliable. These include any condition that 

alters erythrocyte life span (e.g. renal anemia with erythropoietin use, hemolytic anemia), 

severe iron-deficiency anemia, and recent blood transfusions; such conditions will affect 

HbA1c results regardless of assay methodology. In addition, hemoglobin variants or adducts 

can cause method-specific interferences. Investigators have also reported a certain degree of 

between-individual variability in HbA1c resulting from a number of potential factors such as 

age or race [54–56], although the issue of whether these differences are caused by direct 

HbA1c interference or actual differences in mean glycemia is a subject of debate.

10.1 Factors that interfere with HbA1c Testing

The most common analytical interferences are Hb variants, elevated fetal hemoglobin (HbF) 

and Hb adducts. The most common Hb variants are hemoglobins S, C, D and E. These 
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variants do not cause any hemolytic disease in the heterozygous form so glycation should 

not be affected. For each of these variants some, but not all, HbA1c methods are affected, 

thus this interference is both method and variant-specific and it is difficult to generalize the 

effect of variants based upon method type and substitution [57]. For this reason the NGSP 

has attempted to evaluate all methods for interference from these four hemoglobin variants. 

Results of all published studies have been reviewed and a summary (including references) is 

shown on the NGSP website [58]. In some cases reported results do not agree; this may be 

due to differences among reagent lots and method changes over time for a particular method. 

A summary of these results for most of the current assay methods is shown in Table 2. 

Based on evaluations of some immunoassays and the fact that the HbD and HbE mutations 

are distant from the N-terminus of the hemoglobin beta chain where the antibody binds to 

HbA1c, in the absence of specific data it has been assumed that there is no clinically 

significant interference from HbE and HbD for HbA1c immunoassays. Similarly, based on 

data from several immunoassay and boronate affinity methods, in the absence of specific 

method data it can generally be assumed that both immunoassay and boronate affinity 

methods show interference from HbF levels above ~10–15% [59]. This interference is likely 

due to a lower glycation rate for HbF compared with HbA; HbF has gamma chains, for 

which the terminus is a glycine residue, in place of beta chains where the valine terminal 

residues can be glycated to form HbA1c. Thus, for boronate affinity methods, since HbF is 

glycated to a lesser extent, the glycated fraction will be lower than for people without 

elevated HbF. For immunoassay, lack of glycation at the terminus of the gamma chain of 

HbF results in less antibody binding, while the total Hb measurement includes HbF as well 

as HbA, leading to a lower HbA1c result. Elevated HbF affects some but not all ion-

exchange methods. Many of these methods can report the percent of HbA1c relative to the 

amount of total HbA while excluding variant or HbF peaks. The degree of interference 

depends on how well HbF or other variant peaks are separated from the HbA1c and HbA0 

peaks, and these separations may be dependent upon column or reagent lots. Several less 

common Hb variants have also been evaluated with some methods [60–63].

10.2 Factors that affect the interpretation of HbA1c Results

There are several factors that affect the interpretation of the HbA1c result relative to 

glycemic control. For example, in most individuals a HbA1c result of 7% is roughly 

equivalent to an average plasma glucose of 154 mg/dL [38]. But for someone with an altered 

red cell lifespan (e.g. as in renal anemia) or altered glycation rate (as in iron deficiency 

anemia) a 7% HbA1c could actually relate to a different average glucose. One of the most 

common conditions that will affect HbA1c result interpretation is in cases of renal failure 

[64] where results can be 1–2% HbA1c low compared to patients with normal kidney 

function [64–66]. Since it is critical to maintain adequate glycemic control in these patients, 

misinterpretation of results could result in higher than expected risk of complications.

Another condition that is fairly widespread in developing countries and appears to lead to 

artificially high HbA1c results is iron deficiency anemia; iron replacement therapy lowers 

HbA1c back to expected levels [67, 68]. The possible mechanism for this interference may 

be that an increase in malondialdehye in patients with iron deficiency anemia enhances the 

glycation of hemoglobin [69]. Therefore, alternative measures must be used for glycemic 
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assessment in the presence of significant iron deficiency anemia until the condition is 

successfully treated.

11. Conclusions

The availability of more accurate and precise HbA1c methods facilitates better diabetes care. 

While the test does not substitute for day to day testing of blood glucose, it is a useful index 

of long-term glycemia in most patients with diabetes and offers an alternative to timed 

glucose testing for diagnosis of diabetes. HbA1c is also a powerful risk predictor. In 1968 

when it was discovered that HbA1c was increased in people with diabetes, few could have 

envisioned that more than 40 years later, measurement of HbA1c would become an 

indispensible part of both routine management of diabetes and diagnosis. Considerable 

progress has been made in standardizing HbA1c measurements since landmark clinical trials 

(e.g. DCCT, UKPDS) clarified the relationship between glycemic control (measured by 

HbA1c) and complications. But there is still more to do. With the tightening of NGSP and 

proficiency testing criteria, industry has continued to improve HbA1c methods. Insuring that 

adequate methodology that is traceable to the IFCC and NGSP is available worldwide is still 

a concern, especially in the developing world. Interferences with HbA1c measurement and 

interpretation will continue to be investigated. Long term epidemiological studies such as 

the EDIC continue to highlight the importance of tight glycemic control while other studies 

define the limits of tight control in some patient populations [70]. We now have more and 

better tools for managing patients with diabetes but there is still much to be learned about 

how to apply these tools and specifically how to use the HbA1c test to achieve better patient 

outcomes.

Abbreviations

HbA1c hemoglobin A1c

DCCT Diabetes Control and Complications Trial

UKPDS United Kingdom Prospective Diabetes Study

NGSP National Glycohemoglobin Standardization Program

IFCC International Federation of Clinical Chemistry

GHB Glycated hemoglobin

ADA American Diabetes Association

AACC American Association for Clinical Chemistry

CPRL Central Primary Reference Laboratory

PRL Primary Reference Laboratory

SRL Secondary Primary Reference Laboratory

NETCORE Network Administrative Core

EASD European Association for the Study of Diabetes
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eAG estimated average glucose

OGTT Oral glucose tolerance test

FDA Food and Drug Administration

POC Point of Care
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Figure 1. 
Mean HbA1c measured by the CPRL for one very long term QC specimen and six 

additional QC specimens measured for shorter periods. Each point represents the mean of 

34–653 measurements during each year of use. For each point the CV was <3%.
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Figure 2. 
NGSP Network and Process: CPRL, Central Primary Reference Laboratory; PRL, Primary 

Reference Laboratory; SRL, Secondary Reference Laboratory
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Figure 3. 
Mean of each method compared to the NGSP/DCCT target (dotted lines) in 1993, 1999, 

2004, and 2012 based on CAP GH2 survey data. Symbols represent the mean; error bars are 

±2SD.
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Figure 4. 
CVs for all HbA1c results on the GH2 CAP surveys between 2000 and 2012 for samples 

with assigned HbA1c values of (A) 4–6%, (B) 6–8%, and (C) 8–10%. The bold solid line 

represents the trend line.

Little and Rohlfing Page 20

Clin Chim Acta. Author manuscript; available in PMC 2016 February 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Little and Rohlfing Page 21

Table 1

NGSP Certification and Monitoring

Certification Type # samples compared Certification criteria Monitoring (yes/no) Monitoring Protocol

Network Lab 100 CV<3%; 95%CI bias within ±3% at 6 and 9% 
HbA1c Yes 10 Samples Monthly

Manufacturer 40 37 of 40 results within ± 7% No -

Level I Lab 40 38 of 40 results within ± 7% Yes 10 Samples Quarterly

Level II Lab 40 37 of 40 results within ± 7% No -
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