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[ Abstract] Objective To examine the common types of hemoglobin variants and to evaluate the influence of
common variants on the results of two kinds of glycosylated hemoglobin (HbAlc) tests. Methods We conducted a
retrospective study, analyzing the data of a patient population undergoing two HbAlc tests, high performance liquid
chromatography (HPLC) and capillary electrophoresis (CE), at West China Hospital, Sichuan University between March
2021 and February 2022. By screening the chromatograms, the hemoglobin variants were identified and their migration
positions in the CE method were recorded. The effects of the variants with different migration positions on the findings of
the two methods were compared. Variant samples with different migration positions were selected and Sanger sequencing
was performed to determine mutations in HBA1, HBA2, and HBB genes in the variant samples. Results We examined
the HbA1lc of 207 786 patient samples, identifying variant peaks in the chromatograms of 372 patients. The detection rate
of variants was 0.18%, with the variant identification rate of HPLC being 43.3% and that of CE, 100%. Through
sequencing, 20 variants were detected. A total of 261 patient samples were tested for HbAlc with both HPLC and CE.
HPLC reported all HbAlc results, while CE did not report HbAlc results for 28 samples, among which, 26 showed
abnormal peaks that overlapped with HbA1c peaks, and 2 showed abnormal peaks that overlapped with HbAO peaks. The
commonly observed variant migration positions, as revealed by CE, were at the horizontal coordinates of 225+1, 2003,
100£2, 124+1, 70+2, and 182+1. There was significant difference between HPLC method and CE method in the
determination of HbAlc (P<0.0083), and the difference between the two methods was the largest when there were
variants in the 200+3 region. Linear regression showed that the correlation of HbAlc results between the two methods
was different when different regional variants were present, and that the correlation between the two methods was
strongest when 124+1 region was present (r=0.998). Conclusion There are diverse types of hemoglobin variants and
most of them can affect the HbAlc findings of HPLC. Analyzing the chromatogram facilitates the identification of the

variants.
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[mA45 R EBA T2 X, Bland-altman—ZUPERG 165 &

R = 6% A A ELA I DR i 2 T4
2 #R

2.1 ERESEEHER
S A FAGMHbA1c 207 78651, o B E114 7984,
AEIR (50.9+15.2) %, Lok92 9881, 4FHE (49.6+15.7) % .
i e HH S P 37248, 19301, Lotk 1794, 4E#% (47.5+
15.3) % . B SARAKS 138 40.18%, HPLCIL IR FI| %K
43.3%, CEZETIZH100%
22 FERBIETHAE R LS
WAXCEFLHbALc, HbAOFTHbA 204 B 43 5l T4
AEFR70, 150, 240X 35, 1 B HUA [T o X6 Hh B A S 06
RS B AT 4 FLR BN 80% 57 1 A B R 7E M Ak R 70
100, 124, 182, 200, 2258, HARZ A ATR WL 41,
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Table1 Abnormal peak migration positions and their composition

ratios

Migration position No. of variants % Among variants

225+1 122 32.8%
200+3 70 18.8%
100£2 34 9.2%
124+1 28 7.5%

70£2 26 7.0%
182+1 26 7.0%
Others 66 17.7%
Total 372 100%

Migration position expressed as an x-axis number with a range of 0-300.

23 TREXVECEFTRBIEMERFS

Sy A Bl20M 28 Sk, XA R HD B Hb G-
Taipei, Hb G-Coushatta, Hb G-Makassar, Hb J-Bangkok,
Hb J-Lome., Hb New York, Hb Q-Thailand. Hb
Takasago. Hb C. Hb Ube-2, Hb CS. Hb Westmead. Hb
Ty Gard. Hb Tigraye. Hb Akron. Hb Hinsdale. Hb
Hornchurch, Hb Redondo#1Hb Isehara, H:FHb EFJiE
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B B AE100+2FFHT, Hb J-Lome ) iE B B 7E70+2/431T,
S5HbA1cIEN BH EE, Hb New YorkHJiE {7 & 1F
124413, Hb Q-Thailand FYTEAS 07 B 7E 182+ 1 fHIT
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AT 26 10 B FHEAR VIR T A I HbA Lc,
HPLCIA S T i/ HbALcZE 5L, 1M CEVA A 28 B R 15
HbALcHR, Hirh26f 57 I S HbALCH &, 2653 i 5
HbAOH 5. ZRECX 650 & IR, 75478 S 1A DXl W i
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BRI HbALcES IR 2 5 (P< 0.008 3), HoH1200+3[X
AR, }1.67%+0.58%. 124+1 X IAE SARTEAERT,
CEZELS R THPLCHE:, HoA X 575 S A A7 E RS, CEE4S
W THPLCH, W32, 21 IE R AN XA Sk
FEAE I P Rh 7 B2 R I Hb A 125 S (A0 e AN 6], Hirh
124+ 1 DI 28 S AR B R R OGP B (r=0.998), i
3,

Ak, 4 Bland-altman— EUHEAG 5 & L, 24748 A
7T 12441 X BHPLCHE B CEIEAG I 45 5 4 fh w25 , L0 22
INF 6%, AR SR T HA X ST, HPLCIA R CEL
Rril 2 035 R i 22, BAR2E IR F6%. WEL.
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Table2 Comparison of HbAlc level between the two methods for

different reginal variants

Migration No. of variants HbAlc/%
position (n=261) CE HPLC Bcsrmcl %o P
225+1 83 6.07£1.29 4.71+1.22 1.36+0.59 <0.001
200+3 42 6.04+1.17 4.37£1.30 1.67+£0.58 <0.001
100+2 28 5.25+0.53 4.10+0.57 1.15£0.56 <0.001
124+1 24 5.76+0.68 6.00+0.70 -0.25+0.05 <0.001
7012 26 - 3.82+0.48 - -
182+1 26 5.61+0.36 4.13+0.28 1.48+0.24 <0.001
Others 32 5.33+0.98 4.77£1.39  0.56£1.20  0.002

The results of HbA1lc assessment by CE and HPLC are expressed as X + .
The results of CE will not be reported when variants at 70£2. Acg ypic
represent the difference between CE and HPLC methods, expressed by
meanzstandard deviation.

£3 FREREEREHLEDIEATE

Table 3 Linear regression equations for different regional variants

Migration position Linear regression equation r P
225+1 Y=1.296X-0.418 0.985 <0.001
200+3 Y=0.809X+2.507 0.897 <0.001
100+2 Y=0.453X+3.391 0.484 0.009
124+1 Y=0.975X-0.100 0.998 <0.001
182+1 Y=0.956X+1.660 0.754 <0.001

X refers to the result of HPLC, which represents the independent variable,
and Y refers to the result of CE, which represents the dependent variable.
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R 1A AR 1 A 965 v 2 ) SV S 36 2 i e 2 1)
J5 1% . HPLCH FH I H oy 2 538 120 FH 5 38 4 J2 A A x
HbAlc, HbF, HbAO Ifl 1 8K 145 B o HEA T 40 B 5 o
B A0 HL VK I DA v TR LU L 3 S B sl g, o il 217 1 A
e 4 19 7 4 A8 T DA TE AR ) 7RG B T AT i, DA TR YR
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AHEHHD New YorkA1Hb Q-Thailand, X 5 #H 53¢
BRGS0, Tk A R E KA S S = S
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