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Abstract

BACKGROUND: Hemoglobin C, D Punjab, E or S trait can interfere with hemoglobin A1c 

(HbA1c) results. We assessed whether they affect results obtained with 15 current assay methods.

METHODS: Hemoglobin AA (HbAA), HbAC, HbAD Punjab, HbAE and HbAS samples were 

analyzed on 2 enzymatic, 4 ion-exchange HPLC and 9 immunoassay methods. Trinity Premier 

Hb9210 boronate affinity HPLC was the comparative method. An overall test of coincidence 

of least-squared linear regression lines was performed to determine if HbA1c results were 

statistically significantly different from those of HbAA samples. Clinically significant interference 

was defined as >6% difference from HbAA at 6 or 9% HbA1c compared to Premier Hb9210 using 

Deming regression.

RESULTS: All methods showed statistically significant effects for one or more variants. 

Clinically significant effects were observed for the Tosoh G11 variant mode (HbAD), Roche b 101 

(HbAC and HbAE) and Siemens DCA Vantage (HbAE and HbAS). All other methods (Beckman 

Coulter B93009 and B00389 on DxC700AU, and Unicel DxC, Ortho Clinical Vitros 5.1, Roche 

cobas c 513, Siemens Dimension RxL and Vista, and Enzymatic on Advia and Atellica, Tosoh G8 

5.24 and 5.28, and GX) showed no clinically significant differences.

CONCLUSIONS: A few methods showed interference from one or more variants. Laboratories 

need to be aware of potential HbA1c assay interferences.
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1. Introduction:

The global prevalence of diabetes mellitus has been increasing rapidly. In 2019, 

approximately 463 million adults were living with diabetes; by 2045, this number is 

projected to rise to 700 million (1). In the US, 34.2 million people or 10.5% of the 

population have diabetes; more than 7 million of these are undiagnosed (2). Hemoglobin 

A1c (HbA1c) is an important indicator of mean glycemia in patients with diabetes, and it 

has been shown to be strongly predictive of diabetes complications (3-4). Treatment goals 

for HbA1c have been established, and more recently the test has been recommended for 

use in diagnosing diabetes (5-6). Therefore, accurate and precise measurement of HbA1c is 

extremely important.

There has been considerable improvement in the quality of HbA1c testing over the 

past several years. Laboratories are encouraged to choose methods that are National 

Glycohemoglobin Standardization Program (NGSP) certified and to review method 

performance in accuracy-based proficiency testing. The gradual tightening of NGSP 

certification criteria as well as College of American Pathologists’ proficiency testing limits 

have helped to maintain continued improvement in HbA1c method performance (7). At this 

time there are several methods that have shown excellent performance over time. However, 

there are some analytical interferences with some HbA1c methods, specifically those from 

Hb variants, that require continuing further study and may influence a laboratory’s decision 

when selecting a method. These interferences could be a deciding factor when choosing a 

HbA1c method. The most common hemoglobin variants worldwide are HbS, HbE, HbC 

and HbD traits (8). Previous studies have shown method-specific analytic interference with 

HbA1c results from these heterozygous hemoglobin variants (9-11).

2. Materials and Methods:

2.1. Samples

Whole blood samples from individuals homozygous for HbA (n=48) and heterozygous for 

HbC (n=49), HbD Punjab (n=39), HbE (n=43), or HbS (n=48) trait and with and without 

diabetes representing a range of 4-12% HbA1c were collected in EDTA tubes, divided 

into aliquots, and stored at −70°C. Aliquots of each sample were shipped on dry ice to 8 

designated laboratories and manufacturers for analysis. Due to logistical limitations, not all 

samples could be analyzed by all methods. Samples were obtained with IRB approval from 

Quest Diagnostics and the approval of the ethics review committee at DynaLIFE Medical 

Labs in Edmonton, Canada.

2.2. Assay Methods

Assay methods evaluated included the G8 variant mode running software version 5.24 

(pending FDA approval in the US) and 5.28 (current version outside US), GX ver. 

1.24 and G11 variant mode ver. 3.06 (Tosoh Bioscience), the Vitros MicroTip HbA1c 

Assay on Vitros 5,1 FS (Ortho Clinical Diagnostics), cobas HbA1c Test on cobas b 101 

(Roche Diagnostics International Ltd.), Tina-quant HbA1c Gen.3 on cobas c 513 (Roche 

Diagnostics), Dimension RxL, Dimension Vista, Enzymatic Hemoglobin A1c on Advia 
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and Atellica (Siemens Healthcare Diagnostic Inc.), DCA Vantage (Siemens Healthineers), 

Unicel DxC (Beckman Coulter), B93009 HbA1c Advanced and B00389 HbA1c on 

DxC700AU (Beckman Coulter AU systems, Co.).

The 4 Tosoh methods are ion-exchange HPLC. The Siemens Advia and Atellica methods 

are enzymatic. All other methods are immunoassay methods. Analyses were performed 

by the respective manufacturers with the exception of the Roche cobas c 513 which was 

analyzed by DynaLIFE Medical Labs and the Tosoh G8 5.24 analyzed at the Diabetes 

Diagnostic Laboratory, University of Missouri. The Trinity Premier Hb9210 boronate 

affinity HPLC (Trinity Biotech) at the University of Missouri-Columbia was used as the 

comparative method after being validated against the previous Trinity ultra2 method which 

has previously been shown to be unaffected by the hemoglobin variants tested (12-13). 

Hemoglobin variants were initially identified by ion-exchange HPLC and/or electrophoresis 

at the institutions where the samples were collected, and also presumptively identified 

using the Sebia Capillarys 2 Flex Piercing Hemoglobin(e) method (Sebia) at the University 

of Missouri-Columbia. Presumptive identification was based upon expected elution or 

migration time and variant peak proportion.

2.3. Data Analyses

For each method an overall test of coincidence of least-squared linear regression lines was 

used to determine if results for each variant were statistically significantly different (P<0.05) 

from those of HbAA samples. Deming regression was used to determine if the bias for each 

variant ves HbAA was clinically significant at 6% (42 mmol/mol) or 9% (75 mmol/mol) 

HbA1c; clinical significance was defined as a difference exceeding ±6% (14). In IFCC 

units (mmol/mol), clinical significance was defined as a difference exceeding 9.3% at 42 

mmol/mol or ±7.9% at 75 mmol/mol; these limits are equivalent to ±6% at 6 and 9% 

HbA1c in National Glycohemoglobin Standardization Program (NGSP)/Diabetes Control 

and Complications Trial (DCCT) units (15). Data analyses were performed using SAS 9.4 

and Graphpad Prism 5.0. A clinically significant difference of ±6% is tighter than the limits 

used in our previous study (11) because current accuracy-based CAP limits are now at ±6%. 

This is wider than current NGSP limits (±5%) but still reasonable for assessment of Hb 

variant interference.

2.4. Manufacturer Claims

For most of the methods evaluated the manufacturers claim no significant interference from 

any of the variants tested. However, the manufacturers’ acceptance level for interference is 

not always clear.

3. Results

3.1. Validation of Trinity Premier for HbA1c Measurement in Samples with Variants

Samples with HbAA (n=18), HbAC (n=26), HbAD (n=18), HbAE (n=21) and HbAS (n=29) 

representing a range of 4-12% HbA1c were analyzed on both the Trinity ultra2 and Trinity 

Premier Hb9210. There were no statistically significant differences in the relationships 
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between each variant and HbAA samples (p>0.05 for all, Fig. 1). Deming regression showed 

differences of <0.15% HbA1c at 6% and 9% HbA1c for all variants vs. HbAA (Table 1).

3.2. Statistical Significance

Fig. 2 shows boxplots of the differences versus Premier Hb9210 for HbAA and each 

variant for each method and indicates both statistically and clinically significant differences 

versus HbAA. While all methods showed statistically significant differences for one or more 

variants, only a few showed any clinically significant differences.

3.3. Clinical Significance

Table 2 shows the actual biases for each variant versus HbAA at 6 and 9% HbA1c 

(supplementary table 3 shows the biases in IFCC units at 42 and 75 mmol/mol) and along 

with Fig. 2 indicates which differences were clinically significant. The methods showing 

clinically significant differences were the b 101 (HbAC and HbAE), the DCA Vantage 

(HbAE and HbAS) and the G11 (HbAD). For all other methods, there were no clinically 

significant differences. For the DCA Vantage, the difference for HbAE was no longer 

clinically significant after the exclusion of the single HbAE data point >10% HbA1c.

4. Discussion

While most of the methods evaluated did not show clinically significant interference with 

HbA1c results in the presence of the tested variants, the Roche b 101 POC method showed 

a clinically significant differences for HbAC and HbAE. Although the bias for HbAC was 

only marginally clinically significant at 9% HbA1c, the biases for HbAE were >10% at both 

6 and 9% HbA1c, respectively. This finding for HbAE is consistent with other recent studies 

(16-17). The b101 product insert states that there is no significant interference from any 

of the variants tested, including HbAE. The Siemens DCA Vantage POC method showed 

a difference of >8% and >12% at 6 and 9% HbA1c, respectively for HbAS. This method 

was investigated in 2000 (18) showing differences of 2.8% and 5.8% at 6 and 9% HbA1c, 

respectively. However, in 2019, the CAP GH5 survey included a sample with HbAS and the 

DCA Vantage showed a 5.7% difference (0.32% HbA1c at 5.66% HbA1c) (19); this was 

higher than expected and consistent with the current results. We do not know what changes 

may have been made to the assay since 2000 that would account for the current HbAS 

interference.

The Tosoh G11 showed a difference of 6.8% at 6% HbA1c for HbAD. Unfortunately, 

the G11 separates HbS, HbC, and HbD in the same variant peak window, thus it cannot 

effectively differentiate between them. This means that although the G11 did not show 

clinically significant differences for the other variants, HbAC and HbAS, the laboratory 

would not be able to determine which of these three common variants is present without 

further investigation. Interestingly, the G11 did not show differences >6% at HbA1c levels 

of 6 and 9% for HbAD in our previous interference study (10), but it showed clinically 

significant interference from HbAC (the criterion for the previous study was ±7% at 6 

and 9% HbA1c), which we did not observe in the current study. The G8 method showed 

clinically significant interference from all four variants in that previous study, but the 
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newer software versions (5.24 and 5.28) addressed that issue and we did not see clinically 

significant interferences for the G8 or for the GX method in the current study. As mentioned 

in the previous study, we have noted that variant interferences can change over time as 

reagent and column lots, as well as software versions, change (10).

A limitation of the current study is the small numbers of variant samples at the upper end 

of the HbA1c range. However, further analysis using Passing Bablok regression, as well 

as exclusion of data points above 10% HbA1c, did not alter our conclusions regarding 

clinically significant interferences with the exception of HbAE on the DCA Vantage.

Although we focused on the most common variants, there are many other variants that 

can affect HbA1c results. Many of these cause method-specific interferences; however, 

homozygous or double heterozygous variants that are associated with reduced erythrocyte 

lifespan (e.g., HbSS, HbCC, HbSC) cause falsely lower results regardless of assay 

methodology. Rare variants that cause altered glycation rates, such as Hb Raleigh, also affect 

HbA1c results (20). Also, other conditions which can cause decreased erythrocyte lifespan 

(e.g. hemolytic anemia, blood loss) or increased erythrocyte lifespan (e.g. polycythemia, 

postsplenectomy) will tend to cause falsely lowered or elevated results, respectively (21-22).

It is important that healthcare providers consider potential variant interferences when 

interpreting HbA1c results. Laboratories can play an important role by considering the 

potential of hemoglobin variants in their patient populations when selecting assay methods, 

and by making clinicians aware of the potential of interferences with their assay methods.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Hemoglobin variants can affect hemoglobin A1c results

• Fifteen HbA1c methods were tested for interference from Hb C, D, E and S 

traits

• Three methods showed clinically significant interference from one or more 

variants

• Laboratories need to be aware of potential interference from hemoglobin 

variants
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Fig. 1. Relationships between the Premier Hb9210 and ultra2 for HbAA, HbAC, HbAD, HbAE 
and HbAS.
Linear regression for HbAA and each of the hemoglobin variants evaluated.
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Fig. 2. Box-plots summarizing the absolute differences (%HbA1c and mmol/mol HbA1c) 
between each test method and the comparison method for HbAA, HbAC, HbAD, HbAE and 
HbAS.
The horizontal line in each box is the median difference between the test and comparison 

methods. The limits of each box correspond to the 25th and 75th percentiles of the 

differences. The highest and lowest horizontal bars represent the most extreme individual 

differences between the test and comparison methods. Differences from HbAA that are 

statistically significant are indicated (#) below each bar where appropriate; clinically 

significant differences are indicated (*) above each bar where appropriate.
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Table 1.

Deming Regression Results for Premier Hb9210 vs. ultra2.

Premier %HbA1c Bias vs. AA (%HbA1c)

ultra2
%HbA1c

Premier AA
%HbA1c AC AD AE AS AC AD AE AS

6 5.92 6.02 6.04 5.99 5.93 0.10 0.12 0.07 0.01

9 9.08 9.19 9.19 9.07 9.22 0.11 0.11 −0.01 0.14
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Table 2:

Mean differences between test and comparative methods.
a

Method HbAA HbC trait HbD trait HbE trait HbS trait

n n
6%

HbA1c
9%

HbA1c n
6%

HbA1c
9%

HbA1c n
6%

HbA1c
9%

HbA1c n
6%

HbA1c
9%

HbA1c

Enzymatic 

Advia 48 46 0.10 0.02 37 0.14 0.09 41 0.35 0.40 47 0.32 0.49

Atellica 48 44 0.00 −0.20 37 0.10 −0.10 40 0.32 0.33 47 0.28 0.42

Ion-Exchange HPLC 

G8 5.24 48 49 0.26 0.29 38 0.15 0.02 42 −0.06 0.09 48 0.21 0.38

G8 5.28 48 44 0.23 0.29 38 0.23 0.02 42 0.11 −0.06 44 0.15 0.16

G11 48 44 0.29 0.40 38 0.41b 0.32 43 0.10 0.00 44 0.30 0.46

GX 48 44 0.28 0.34 38 0.32 0.12 43 0.04 −0.06 44 0.21 0.38

Immunoassay 

B00389 48 42 0.08 −0.26 35 0.19 −0.21 38 0.29 0.13 44 0.27 0.16

B93009 48 41 0.07 −0.24 35 0.18 −0.23 39 0.29 0.13 41 0.27 0.17

Unicel DxC 48 46 0.09 −0.25 39 0.19 0.00 43 0.34 0.19 48 0.26 0.24

Vitros 5,1 FS 44 37 0.03 0.18 34 0.07 0.02 29 0.27 0.48 35 0.10 0.22

c 513 48 46 −0.07 −0.22 39 0.02 −0.09 43 0.19 0.29 46 0.05 0.18

b 101 48 45 0.28 0.57
b 39 0.34 0.41 43 0.61

b
1.24

b 46 0.21 0.40

Dimension RxL 48 46 0.10 0.06 39 0.13 0.10 43 0.26 0.33 48 0.23 0.41

Dimension Vista 48 45 0.08 −0.25 37 0.15 −0.07 41 0.31 0.14 48 0.24 0.23

DCA Vantage 46 45 0.29 0.41 39 0.10 −0.35 43 0.33 0.62
b 48 0.50

b
1.10

b

a
Deming regression analysis was performed using Premier Hb9210 as the comparative method. The biases (%HbA1c) for each method at clinical 

decision cutoffs of 6% and 9% HbA1c were calculated for each variant. To correct for inter-method calibration differences, the mean biases 

between each test method and the comparative method for homozygous HbA samples was subtracted from those calculated for the variant samples.

b
Clinically significant differences (>0.36% or >0.54% HbA1c at 6% or 9% HbA1c, respectively).
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