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Abstract

Objectives: Glycated hemoglobin (HbA1c) is routinely utilized to monitor long-term glycemic control. The presence
of hemoglobin (Hb) variants may lead to a false HbA1c measurement. This study was an investigation of the effects of
both common and rare Hb variants on the level of HbA1c measured with high-performance liquid chromatography
(HPLQ).

Methods: : The HbA1c level of a total of 391 patients without Hb variants (HbAA, n=44) and with Hb variants (HbAS,
HbSS, HbSS(A), HbSS(F), HbAD, HbAE, HbAF, HbD-Iran/D-Iran, HbD-Los Angeles/A, HbE-Saskatoon/E-Saskatoon, HbEE,
HbG-Coushatta/A, HbOArab/OArab, HbSE, and Hb Stanleyville Il, n=347) was measured using an HPLC analyzer.
Results: The HbA1c level of all of the Hb variants but HbStanleyville Il and HbG-Coushatta/A was extremely low. How-
ever, when the Hb variants were considered as a single group, a statistically significant difference was seen in compari-
son with the group that had no Hb variants (p<0.001).

Conclusion: It was determined that the measurement of HbA1c can be adversely influenced by the presence of some
Hb variants. Hemoglobin variants should be investigated when the HbA1c level is incompatible with blood glucose.
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Aglycated hemoglobin (HbA1c) test is used to monitor the
glycemic control of patients with diabetes mellitus and to
assess the risk of development of diabetic complications [1-3].
HbA1c is the major component of the hemoglobin protein he-
moglobin alpha 1 (HbA1) formed by the irreversible binding
of glucose to N-terminal valine of the hemoglobin beta chain
as a result of the non-enzymatic glycation reaction [4]. Various
methods are used to measure HbA1c, which indicates the av-
erage blood glucose level during the previous 2 to 3 months,
based on the charge difference (high-performance liquid
chromatography, electrophoresis, and isoelectric focusing),
the structural difference (boronate affinity chromatography,
immunoassays), or chemical difference [5]. HbA1c measure-
ment should be effective, reliable, reproducible, and highly
accurate to determine a diabetes diagnosis and achieve accu-
rate monitoring. However, the results may not reflect the cor-
rect value as a result of several factors that can interfere in the

measurement, such as hemoglobinopathies, iron deficiency
anemia, or vitamin B12 deficiency [6-9].

Hemoglobinopathies are a common public health problem
worldwide, and notably present in the southern region of
Turkey [10]. The literature has documented inaccurate HbA1c
results based on the measurement method used and the char-
acteristics of each Hb variant [11, 12]. The aim of this study
was to determine the HbA1c level of patients with Hb variants
observed in the Cukurova region of Turkey using an Agilent
1100 analyzer (Agilent Inc., Santa Clara, CA USA).

Materials and Methods

Sample selection

This retrospective study was performed in the medical bio-
chemistry laboratory of the Cukurova University Faculty of
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Medicine and was conducted with the approval of the Clin-
ical Research Ethics Committee of Cukurova University on
04.03.2016 (number: 46). The HbA1c level of a total of 391
patients both without an Hb variant (HbAA: n=44) and with
Hb variants (HbAS: n=266, HbSS: n=32, HbSS[A]: n=9, HbSS(F):
n=6, HbAD: n=11, HbAE: n=6, HbAF: n=5, HbD-Iran/D-Iran:
n=1, HbD-Los Angeles/A: n=1, HbE-Saskatoon/E-Saskatoon:
n=1, HbEE: n=1, HbG-Coushatta/A: n=2, HbO-Arab/HbO-Arab:
n=2, HbSE; n=1, Hb Stanleyville ll: n=3) were evaluated.

Assay method: Whole blood samples were taken from indi-
viduals without Hb variants (HbAA) and with Hb variants and
collected in tubes containing ethylenediaminetetraacetic
acid as an anticoagulant. HbA1c values were measured using
an Agilent 1100 analyzer according to the manufacturer’s in-
structions. This method identifies hemoglobin types based on
the electrical charge. A negatively charged cation-exchange
column was utilized to measure positively charged Hb in ion
exchange chromatography. Hemoglobin can be detected at a
specific absorption wavelength of 415 nm.

Statistical analysis

All of the analyses were conducted using IBM SPSS Statistics for
Windows, Version 23.0 software (IBM Corp., Armonk, NY, USA).
Categorical variables were presented as numbers and percent-
ages, while continuous variables were summarized as median
and minimum-maximum, as appropriate. The Mann-Whitney U
test was used to compare continuous variables of the 2 groups.
The accepted level of statistical significance was p=0.05.

Results

HbA1c samples of 391 patients were analyzed. Of the group,
44 (11.3%) had no Hb variants (HbAA), while Hb variants were
present in 347 (88.7%). Among those without Hb variants, the
mean HbA1c level was 4.61% while the mean HbA1c level for
those with Hb variants was 1.79%. A statistically significant
difference was determined in a comparison between those
with and without Hb variants (p<0.001; Table 1). The HbA1c
level was determined to be abnormally low (306 cases) or 0%
(37 cases) in the 347 cases with Hb variants, which was much
lower than that of the HbAA patients. Those who presented

Table 1. Frequency and HbA1c results

Frequency Percentage Median Min Max p

Without 44
hemoglobin

variants

With 347
hemoglobin

variants

Total 391

1.3 461 4.00 546 0.000

88.7 1.79 0.00 5.80

100.0

Data are expressed as median (min-max). HbA1c: Glycated hemoglobin

with abnormally low HbA1c levels were found to be carriers
of HbAS (n=266), HbSS (n=5), HbSS(A) (n=7), HbSS(F) (n=1),
HbAD (n=11), HbAE (n=6), HbAF (n=5), HbE-Saskatoon/E-
Saskatoon (n=1), HbG-Coushatta/A (n=2), and HbO-Arab/O-
Arab (n=2). The HbA1c level was reported to be 0% in 37
patients who were carriers of HbSS (n=27), HbSS(A) (n=2),
HbSS(F) (n=5), HbSE (n=1), HbEE (n=1), and HbD-Iran/D-Iran
(n=1). The HbA1c level of Hb Stanleyville Il (n=3) and Hb D-
Los Angeles/A (n=1) carriers was close to that of the HbAA
patients (Table 2).

Discussion

The measurement of HbA1c is the gold standard for long-term
monitoring of glycemic control in diabetic patients [1-13].
There are now various methods to measure HbA1c in clinical
biochemistry laboratories based on different principles [5, 14].
International standardization studies of HbA1c measurement
methods are ongoing. A worldwide standard for measure-
ment and testing is needed. HPLC has been accepted as the
primary reference method to measure HbA1c by the National
Glycohemoglobin Standardization Program of the Interna-
tional Federation of Clinical Chemistry Working Group. They
have established interlaboratory compatibility, which involves
reference methods such as mass spectroscopy and capillary
electrophoresis [13, 15-17]. Yet, despite advances in the stan-
dardization of analysis methods, it has been reported that cer-
tain hemoglobinopathies interfere with HoA1c measurement,
leading to results that are falsely low or high [18].

Many screening studies of hemoglobinopathies have been
performed in Turkey, and especially in the Cukurova region.

Table 2. Frequency and HbA1c results of hemoglobin variant
patients

Frequency Percentage Median Min Max
HbAS 266 76.7 182 112 286
HbAD 11 3.2 211 157 277
HbAE 6 1.7 246 2.03 2.68
HbEE 1 0.3 0.00 0.00 0.00
D-lran/D-Iran 1 0.3 0.00 0.00 0.00
HbSS 32 9.2 0.00 0.00 1.44
HbSS(A) 9 2.6 0.77 0.00 2.09
HbSS (F) 6 1.7 0.00 0.00 0.19
HbSE 1 0.3 0.00 0.00 0.00
HbAF 5 1.4 135 077 1.82
HbO Arab/O Arab 2 0.6 029 0.25 0.33
HbE-Saskatoon/ 1 0.3 084 0.84 0.84
E-Saskatoon
HbG Coushatta/A 2 0.6 219 219 220
HbD-Los Angeles/A 1 0.3 3.80 3.80 3.80
HbStanleyville 11 3 0.9 460 390 5.80
Total 347 100.0

Data are expressed as median (min-max). HbA1c: Glycated hemoglobin
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Several hemoglobin variants that are rarely seen and clin-
ically silent have been detected, in addition to commonly
observed hemoglobin variants. There is a high prevalence
of hemoglobinopathies and population migration in the
Cukurova region, and therefore, accurate understanding of
the effect of Hb variants on the measurement of HbA1c is es-
sential [8, 19]. The objective of the present study was to de-
termine the effect of Hb variants observed in the Cukurova
region on HbA1c levels and it was observed that the results
were extremely low in the presence of some Hb variants.

A literature review revealed that accurate measurement in-
terference has been evident when the HbA1c values of pa-
tients with the 4 most common heterozygous Hb variants
(HbAS, HbAE, HbAC, and HbAD) in the world were analyzed
using certain measurement methods [17, 20]. Little et al. [21]
conducted a more extensive evaluation of the HbA1c values
of 49 different rare Hb variants using 8 different techniques
and determined that certain Hb variants influenced HbA1c
measurement. Tran et al. [22] found that both immunoassay
methods and HPLC systems were acceptable techniques,
though the HPLC method demonstrated greater analytical
performance. Interference in HbA1c measurement has also
been reported with the HPLC method [5, 12, 23, 24]. Chu
et al. [5] used the ion exchange HPLC method (HLC-723 G7;
Tosoh Corp., Tokyo, Japan) in order to determine the effects
on HbATc results of Hb variants widely observed in the south
of Taiwan. They reported that various Hb variants caused
false HbA1c results in 11 cases and that the presence of an
Hb variant should be taken into consideration when using
the HPLC method. Camargo et al. [24] performed an analysis
with the HPLC method using a Merck-Hitachi L-9100 analyzer
and found that the HbA1c results were below the reference
range in 130 of 29.657 diabetic patients and that 73 of these
patients (56%) had an Hb variant (HbAS: 69, HbAD: 2, HbAC:
1, HbSC: 1). In addition, in 5 non-diabetic cases who were ho-
mozygous for HbS, the HbA1c values were 0%. Lorenzo et al.
[12] analyzed the HbA1c level of 134 patients and reported
that it was abnormally low in 42 cases and produced no result
in 92 cases. In our study, the HbA1c level of the patients with
HbSS (27 cases), HbSS(A) (2 cases), HbSS(F) (5 cases), HbSE (1
case), HbEE (1 case), and HbD-Iran/D-lIran (1 case) was 0%, and
very low HbA1c levels were found in cases with heterozygous
HbAS, HbAD, and HbAE types, which is similar to the findings
of these earlier studies.

Laboratories use many different methods to measure HbA1c
based on different methods and inaccurate results can occur
if patients have certain Hb variants. It must be considered that
in methods that separate by migration based on molecular
charge, a hemoglobin variant molecule can migrate as HbA1c
does [23, 25]. Wei et al. [26] observed that a patient who had
an HbA1c value of 0 was found to have the Hb Long Island vari-
ant. Yay et al. [27] examined the ion exchange HPLC method,
and found that a case with a result below the HbA1c reference
range (2.1%) was positive for HbD-Los Angeles Los Angeles
and noted that low HbA1c levels measured with the ion ex-

change HPLC method might be the result of Hb variants lead
to negative interference. Sheme et al. [7] analyzed clinically
silent Hb variants using the HPLC variant window (Variant-I
Turbo; Bio Rad Laboratories, Hercules, CA, USA), and reported
that the HbA1c values were lower than the reference range.

Kurt et al. [2] used the cation-exchange HPLC method and
found that an abnormal chromatogram accompanied low
HbA1c values (2.2%), and they determined that the patient
was an HbS carrier. Zhang et al. [28] investigated the effect
of HbJ-Bangkok, HbE, HbG-Taipei, and a-thalassemia HbH on
HbA1c results using the ion exchange HPLC method and they
suggested that interference occurs at different levels depend-
ing on the Hb variant. Rohlfing et al. [29] also reported that
certain methods demonstrated significant interference in the
presence of one or a few Hb variants and that these results
may negatively affect the follow-up of diabetic patients. Inac-
curate measurements can lead to a diagnosis of diabetes in
nondiabetic patients. It is clear that analysis methods have
limitations and the presence of Hb variants must be a consid-
eration to prevent misdiagnosis and provide the appropriate
treatment.

Conclusion

Our analyses determined that the HbA1c level can be affected
by certain Hb variants with the Agilent 1100 HPLC analyzer.
Interference in HbA1c level measurement can lead to misdi-
agnosis and incorrect treatment. Hb variants must be con-
sidered when results are lower than the reference value or
when HbA1c cannot be measured. In order to avoid incorrect
measurements, it is necessary to consider the measurement
method and factors such as hemoglobinopathies that can af-
fect the measurement.

Acknowledgements: We would like to acknowledge our super-
visor, Prof.Dr. Kiymet Aksoy, for the support and encouragement
and advice during this research.

Conflict of Interest: The authors do not have any conflict of in-
terest in the manuscript.

Ethics Committee Approval: This study was approved by the
ethics board of Clinical Research of Cukurova University Faculty
of Medicine (Date: 04.03.2016/Number: 46).

Financial Disclosure: There is no funding.

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept - G.S.S., F.G.; Design - G.S.S,;
Supervision — G.S.S., F.G.; Funding — None; Materials — G.S.S., F.G,;
Data collection &/or processing — G.S.S., F.G.; Analysis and/or
interpretation — G.S.S,, F.G,; Literature search - G.S.S.; Writing -
G.S.S,; Critical review - G.S.S., F.G.

References

1. American Diabetes Association. Tests of glycemia in diabetes.



28

Int J Med Biochem

10.

11.

12.

13.

14.

Diabetes Care 2003;26(Suppl 1):106—8. [CrossRef]

Kurt YG, Cayci T, Akgul EO, Aydin |, Aydin FN, Agilli M, et al.
Interference of hemoglobin variants in the measurement of
hemoglobin A1c. Turk J Biochem 2010;35(3);262-7.

American Diabetes Association. Diagnosis and classification of
diabetes mellitus. Diabetes Care 2012;35(Suppl 1):66—71.
Burtis CA, Ashwood ER, Bruns DE. Tietz textbook of clinical
chemistry and molecular diagnostic. 4th Ed. Philadelphia: WB
Saunders; 2006. p. 879—-84.

Chu CH, Lam HC, Lee JK, Wang MC, Lu CC, Sun CC, et al. Com-
mon hemoglobin variants in Southern Taiwan and their ef-
fect on the determination of HbA1c by 1on-exchange high-
-performance liquid chromatography. J Chin Med Assoc
2009;72(7)2362—7. [CrossRef]

Roberts WL, Safar-Pour S, De BK, Rohlfing CL, Weykamp CW,
Little RR. Effects of hemoglobin C and S traits on glycohe-
moglobin measurements by eleven methods. Clin Chem
2005;51(4):776—8. [CrossRef]

Sheme ZA, Khondoker F, Mosawuir MA, Pervin M, Akter N,
Akhter L, et al. Determination of clinically silent hemoglobin
variant by HPLC method. Dinajpur Med Col J 2017;10(2):300-5.
Sacks DB, Bruns DE, Goldstein DE, Maclaren NK, McDonald JM,
Parrott M. Guidelines and recommendations for laboratory
analysis in the diagnosis and man agement of diabetes melli-
tus. Clin Chem 2002;48(3):436—72. [CrossRef]

Sinha N, Mishra TK, Singh T, Gupta N. Effect of iron defi-
ciency anemia on hemoglobin Alc levels. Ann Lab Med
2012;32(1):17—22. [CrossRef]

Yuzbasioglu AS, Yildiz SM, Yalin AE, Guzelgul F, Aksoy K. He-
moglobinopathies in the Cukurova region and neighboring
provinces. Hemoglobin 2016;40(3):168—72. [CrossRef]
Stricklandand SW, Campbella AT, Little RR, Bruns DE, Bazydlo
LAL. Recognition of rare hemoglobin variants by He-
moglobin A1c measurement procedures. Clinica Chimica Acta
2018;476:67—74. [CrossRef]

Lorenzo-Medina M, De-La-Iglesia S, Ropero P, Nogueira-
Salgueiro P, Santana-Benitez J. Effects of hemoglobin cariants
on Hemoglobin Alc values measured using a high-perfor-
mance liquid chromatography method. J Diabetes Sci Technol
2014;8(6):1168—76. [CrossRef]

Hanas R, John G; International HbA1c Consensus Commit-
tee. 2010 consensus statement on the worldwide standard-
ization of the hemoglobin Alc measurement. Clin Chem
2010;56(8):1362—4. [CrossRef]

John WG, Mosca A, Weykamp C, Goodall I. HbAlc stan-
dardisation: history, science and politics. Clin Biochem Rev
2007;28(4):163-8.

15.

20.

21.

22

23.

24,

25.

26.

27

28.

29.

Gillery P. A history of HbA1c through Clinical Chemistry and Lab-
oratory Medicine. Clin Chem Lab Med 2013;51(1):65—74. [CrossRef]

. American Diabetes Association. Standards of medical care in

diabetes-2013. Diabetes Care 2013;36(Suppl 1):11-66. [CrossRef]

. National Glycohemoglobin Standardization Program. Avail-

able at: http://www.ngsp.org/ifcc.asp. Accessed Jun, 2020.

. Schnedl WJ, Liebminger A, Roller RE, Lipp RW, Krejs GJ. He-

moglobin variants and determination of glycated hemoglobin
(HbA1c). Diabetes Metab Res Rev 2001;17(2):94-98. [CrossRef]

. Guzelgul F, Seydel GS, Aksoy K. 3-Globin gene mutations in pe-

diatric patients with B-Thalassemia in the region of Cukurova,
Turkey. Hemoglobin 2020;44(4):1-5. [CrossRef]

Little RR, Rohlfing CL, Hanson S, Connolly S, Higgins T,
Weykamp CW, et al. Effects of hemoglobin E and D traits on
glycated hemoglobin (HbA1c) measurements by twenty-
three methods. Clin Chem 2008;54(8)1277—82. [CrossRef]

Little RR, La'ulu SL, Hanson SE, Rohlfing CL, Schmidt RL. Effects
of 49 different rare Hb variants on HbA1c measurement in eight
methods. J Diabetes Sci Technol 2015;9(4):849—56. [CrossRef]
Tran DV, Lyon AW, Higgins TN, Wesenberg JC, Vandergouwe
L, Wiley CL, et al. Use of serial patient hemoglobinA1c differ-
ences to determine long-term imprecision of immunoassay
and high-performance liquid chromatography analyzers. J Di-
abetes Sci Technol 2009;1;3(3):424-8. [CrossRef]

Klonoff DC. Hemoglobinopathies and hemoglobin Alcin dia-
betes mellitus. J Diabetes Sci Technol 2020;14(1):3—7. [CrossRef]
Camargo JL, Gross JL. Conditions associated with very low val-
ues of glycohaemoglobin measured by an HPLC method. J
Clin Pathol 2004;57(4):346—9. [CrossRef]

Radin MS. Pitfalls in hemoglobin A1c measurement: when re-
sults may be misleading. J Gen Intern Med 2014;29(2):388—94.
Wei L, Nan Y, Ying B, Zuoliang D. A Pitfall in HbA1c Testing
Caused by Hb Long Island Hemoglobin Variant. Lab Med
2020;51(1):e1—e5. [CrossRef]

.Yay F, Ucar F, Yal¢indag A, Hanci LT, Cetin E, Temel I. Interfer-

ence of variant hemoglobin in measurement of HbA1c by
ion-exchange HPLC. Journal of Turkish Clinical Biochemistry
2017;15(3):129-33.

Zhang X-M, Wen D-M, Xu S-N, Suo MH, Chen YQ. Effects of
hemoglobin variants HbJ Bangkok, HbE, HbG Taipei,and
HbH on analysis of glycated hemoglobin via ion-exchange
high-performance liquid chromatography. J Clin Lab Anal
2018;32(1):22214. [CrossRef]

Rohlfing C, Hanson S, Weykamp C, Siebelder C, Higgins T, Moli-
naro R, et al. Effects of hemoglobin C, D, E and S traits on mea-
surements of hemoglobin A1c by twelve methods. Clin Chim
Acta 2016;455:80-3. [CrossRef]


https://doi.org/10.2337/diacare.26.2007.S106
https://doi.org/10.2337/dc12-s064
https://doi.org/10.1016/S1726-4901(09)70388-0
https://doi.org/10.1373/clinchem.2004.047142
https://doi.org/10.1093/clinchem/48.3.436
https://doi.org/10.3343/alm.2012.32.1.17
https://doi.org/10.3109/03630269.2016.1155156
https://doi.org/10.1016/j.cca.2017.11.012
https://doi.org/10.1177/1932296814538774
https://doi.org/10.1373/clinchem.2010.150540
https://doi.org/10.1515/cclm-2012-0548
https://doi.org/10.2337/dc13-S011
https://doi.org/10.1002/dmrr.186
https://doi.org/10.1080/03630269.2020.1792489
https://doi.org/10.1373/clinchem.2008.103580
https://doi.org/10.1177/1932296815572367
https://doi.org/10.1177/193229680900300304
https://doi.org/10.1177/1932296819841698
https://doi.org/10.1136/jcp.2002.007088
https://doi.org/10.1007/s11606-013-2595-x
https://doi.org/10.1093/labmed/lmz023
https://doi.org/10.1002/jcla.22214
https://doi.org/10.1016/j.cca.2016.01.031



