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Factors Influencing Frequency of Abnormal
Peak in the Measurement of HbAlc by HPLC
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Department of Laboratory Medicine, Samsung Medical Center, Seoul 135-710, Korea

We experienced the specimen that contains a hemoglobin variant known as interference from HbAS in
October 2003. It was the first case of Hb variants since Samsung Medical Center began conducting
glycohemoglobin College of American Pathologists surveys in 1997. The purpose of this study is to share our
experience with the specimen and promote the understanding of Hb variants & derivatives. We've performed
cross checks to examine HbAlc by using two pieces of equipment; the TOSHOH G7 and BIO-RAD
VARIANT-T(turbo), and Automatic High Performance Liquid Chromatography(HPLC) as an analytic
measurement method. HPLC provides different fractional information of hemoglobin with a two-dimensional
graph as well as numeric results. We have been performing a "Systematic Checking Process".

Three specimen suspicious of Hb variants & derivatives were found through this process. College of
American Pathologists notified that it is important for users to be aware of the limitation of their
glycohemoglobin method to avoid reporting incorrect results due to interference from hemoglobin variants or
hemoglobin adducts. Therefore, laboratory findings of Hb variants & derivatives are very important. The
experience of qualified technicians with professional knowledge in Hb variants is the most important aspect
in finding Hb variants. Korea is homogeneous in race and is not in an area with a higher finding rate of
Hb variants. While 1,024 cases of Hb variants have been found in Japan, we do not have specific data on
how many cases of Hb variants have been found in Korea. Considering Hb variant cases in Japan, which
is geographically close to us, it is presumed that there must be various Hb variant cases in Korea.

If domestic laboratories set a systemic protocol and build a network to share our experience in Hb variants,
I expect the Korean Hb variants could also be listed on the world's Hb variant list.
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Tt (0]38l, HbAl)= T F71H< #e
A SAHARH 137197 gAY E w
stH (o] 5, 2003) /delxe] 1
t}. HbAlc= z_;qtn-/q tﬂ 1 Ay
sP7F HAEA = B8kal 2 Hb vanantsQ‘r
hemoglobinopathies-‘ﬂ HE uf ol l.:‘—?ﬁ!i} 3l HbAlc 23
o] AEo] BAE & gtk Hb variants} modifide Hb
5°] —-—xH sk g2e] 49, HbAlc % glycohemoglobin
(GHb) ZAA] AAL 234 G mF £ 9JoH
(Schnedl WJ &, 2000), 3 Az} Y=
gttt 20031 GHboll #sH College of American
Pathologists(CAP) Survey Z3} 2 Xy xo] w2 Hb
variant7} = AA 9] S8 IAE A8k HAR
Y AAe| 2= Z2EF nlES Akt Utk

Hb variantse} $-48kst HbAlc 235 fxshe
ol o] Q1x7} Stk DNA W 3ol o3k ¢loz
29 Z; chain(a, B, ¥, 6)9 point-mutationo] 2]3] Hb
variants7} A4 ¥t} 19499 Pauling 5] sickle cell
anemiaZ} 40 ofui=ik A el 7)Qlste] AR ETh
As A5 THsATE FA7HA] 890F ©]d¢] Hb
variants7} X315 37 @) 31(Hardison 5, 2005) B4 &4
29 20%= AR R EC] o U A| 80%e I
BAQ Sl BoRA] kevkal grk(Schnedl 7,
2000). 38t EAd] 93 modifide HVES E438H7 o
GHb¥} ARG A3s 9 23 34 A /5 24
Z 4 i Weykamp &, 1999; Bry 5, 2001). 253 3}
Ayl A Z7}E= carbamylated Hbd} o}~ E-gof 9
Sl NH-terminus2] B-chain ¥ o] 2 WA 5= acetylated-Hb
o] 1 g/day o]’ H-8&3g 749 do] A F Urk(Natan
=, 1983).

Sickle cell disease, homozygous HbC disease, HbSC
disease, B-thalassemia (HbA2/F2] 57} 5<] 23Le GHb
S FFE T Ao, I Qelx AT

o] e nxE £384 23 A=y H AP
N HY AA 8 £33 GHb 2o ¥E Qe
(Little %5, 1997; Bry 5, 2001).
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Tosoh G7(Tosoh, Tokoyo, Japan)¥} Bio-Rad Variant-T
(Bio-Rad, Hercules, USA)S] F AH|Z2 AE AsH|w
stdek Aule] B4 92]E automatic high performance
liquid chromatography(HPLC)H & S°]2n3 A ZrlE
212 9] (cation-exchange chromatography)& o]t} &2 4 9]
A3l Aol g olgake Fe) WO, ol Pt AR

£ S4FAS columnfi 2 FHAZIHA 717 T2 8]
QA2 FHo| FeHE ol 7 Faja 28 u}
# 1 FEsl e FAe oea 2ok
area of HbAlc
% HbAlc = 100 x
area of total Hb
3. AlE g

E9] systematic checking process(Fig. 1)& S3%t
HbAlc 4T Af HAR] 39 A +24 ZAzelo
B E AESIAT Al A F AZrfE I A
abnormal peakZ #9l3ta RAZO R e o B

B A Az g vlasteh. BEAe e 2,
% HbAlc =
Area of HbAlc
100 x

Area of Total Hb - Abnormal Hb peak

A7 HA= Hb A719ES Adeto v 43E 23t
238 J3FAE Systematic checking process= delta &
panic checke} FHlA A|FE= 10 T/ flagging
check system¥} auto verification range check”} 4o
2 A9 AR B A AT wasn gy
A= A dolglo]l HAAMAZT B¢l & B st}



Systematic Checking Process

Delta & Panic Check

Flagging Check (1052)

Auto Verification Range check

Normal Data Abonormal Data

F5 : Glucose
FHEMZES

[ EuiZt Chromatogram Hi & 41 |

Yes No

|
[ Z3=7 & comment |
LA l

Ats ZotEn 2%t ATE T & comment : Ho E.P,

Molecular Biology — DNA sequencing

Fig. 1. Systematic checking process.

Table 1. HbAlc and approximate mean plasma glucose level

Approximate

GHb (%) mean plasma Interpretation
glucose (mg/dL)
4.0 65
50 100 Non-diabetic
range
6.0 135
7.0 170 ADA* target
8.0 205
9.0 240
100 275 Action
suggested
11.0 310
12.0 345

*ADA : American diabetes association

Aoz kel 49 HbAle 23HE 35l o
T AR €3 #A FHAA}S FRAESs AET
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Table 2. Abnormal data of 3 cases
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Fig. 1.o]1A B& A3 Zo] Tosoh G794 HbFO]
15% o]4Fo]l e less fraction flagging® 4 H &
Zo] 157.6 mg/dL <16 Hls HbAlc7} 4.7%<] w& Ax}

Z+-S BT} Bio-rad variant A8 9] 55%9 A 7S
Bk F A RFoM B A, Fo] A} glo] FE

A @9t el vt

Case 29 7% HbX(abnormal Hb)7} HbAlce}
Co-elution® 7Z$-ol™ Alc % A4 A] FHZ FEo] 7

2B g A A 02 HbAlc7} underestimation® 7 -$-o]T}.
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HbALC (%)

Fasting glucose

Cases Pre-correction Post-correction
level (mean, mg/dL)
TOSOH-G7 Variants TOSOH-G7 Variants
1 L o= 157.6 4.7 4.6 6.0 5.5
2 oz 104.6 3.6 5.7 6.7 5.6
3 9 0 # 156.4 4.9 8.6 5.0 9.3
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CALIB Y = 1. 1160X + 0.2105 4.6%
NAME % TIME AREA 200
FP 0.0 0.00 0.00 ':
A 1A 4.4 0.31 41,51 ]
A 1B 0.0 0.00 0.00 175
F 21.8 0.52 207.42 -~
LA 1C+ 0.0 0,00 0.00 1
SA 1C 47 0.70 38.42 150_‘
AO 69.8 0.94 663.71 A
TOTAL  AREA 956,06 ]
HbA 1C 4.7% 2.5
HbA 1 9.1% HbF 21.8% I3} ]
0% 15% — 10.0
0.01+ < ] g
R 1
7.5 ° ,
0.5 ] o
5.0 <
1.0 — ] & 3
2'5_: o o
LESS FRACTION 004 ' ' :
HIGH %F |||||
221 A 1B NOT DETECT 09 : 46 0,00 025 050 075 100 125 150
221 LA 1C+ NOT DETECT 09 : 46 T|me (m|n)
TOSOH G7 Vanant-T
Fig. 2. Chromatogram of Tosoh-G7 and Variant-T in case 1.
5.7%
CAL[ B Y = 1, 1138X + 0.2888
20.0
NAME % TIME AREA ]
FpP 0.0 0.00 0.00 b
A 1A 4.4 0.28 2.15 175
A 1B 0.6 0.38 3.38 1
F 0.5 0.48 2.65 150
LA 1C+ 15 0.59 8.28 07
SA 1C 3.6 0.70 15.94 ]
AO 47.8 0.94 259,53 125
TOTAL AREA 54278 ]
19} ]
HbA 1C 3.6% T 100
0\0 i
HbA 1 4.6% HbF 0.5% 754
0% 15% :
0.0+ t t | ]
5.0
05 2,5—:
0.0
10 — AL SRR
S 000 025 050 075 100 125 150
Time (min,)
TOSOH G7 Varnant-T
Fig. 3. Chromatogram of Tosoh-G7 and Variant-T in case 2.
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U= & o] T} =, 4, HI H
T, ddol EAlE SAM FTEoER THHE Hb
variants Z-ol+= Hb G-Taegu(v¥ 232 G-Coushatta,
G-Saskatoon, G-Hsin Chu)7} it &-13 YRSl A
A} 593}7 Hb Ube4, Hb Yamagata 5°] Balsar ick
(Blackwell &, 1969; Han -5, 1996; Hamaguchi -5, 1999).
HE A REENY 3A8S 1 e 929 A5
1996'd 714 30 d7ke] FAHTHE +F FAAERT} A&
™, 156% 1,024712] Hb variants7} 2315 o] 3Jth(Harano
9} Harano, 1996). o4l ®31H Hb variantse 5o}l
B SolA A3 HHE Hb Pusan 5°] AthHan 5,
1996). ¢l 8oz & o $-2luete] Hb variantsol] o3k
A FAE R Bt AR vEE AoE A
Zret},

2003 GHb college of american pathologists(CAP)
survey A3} B 31Ad] w2 Hb variants(HbAS)7} E3+
H 20031@ GHb CAP survey(GH-05) A<= 2,0017] 7]
4 5 96%7F FP o GHb #4 A] Hb variantsE =
Akl gk ARl 315%7F “d"E ©dlda,
68.5%7} “oller®E FHIIATE F A A “o 2
SHI 71% FollA “HAEE Hb variantsell 3+ report

Hemoglobin Electrophoresis

Fraction

Hb variants &)
A disl

protocolo] U=71?" B AEol| 41.8%7F “IHWEE 3} 9] HbAlc AA| 350007 F 4003742 AA|7} o]
CAL[ B Y = 1, 1090X + 0.1668 8.6%
NAME % TIME AREA 20,0
FpP 0.0 0.00 0.00 1
A 1A 0.5 0.28 5.58 175
A 1B 0.8 0.37 8.45 1
F 0.6 0.48 6.10 1
LA 1IC+ 2.4 0.59 2417 15.0 o
SA 1C 6.5 0.70 58.27 1 S
AO 89.9 0.94 91584 125
TOTAL AREA 101841 ]
L 1004
HbA 1C 6.5% < T
& ]
HbA 1 7.6% HbF 0.6% 75
0% 15% 1
0.0 } t | 5.0
254
0.5T ]
0.0
e
1.0+ — — 000 025 050 075 100 125 150
Time (min.)
TOSOH G7 Vanant-T

Fig. 5. Chromatogram of Tosoh-G7 and Variant-T in case 3.

75



o

ol 39 o

HbAlc
A=
[ A= A
ZulE g o)A

E‘r(TabIe 1). olwl zjiﬂa]

unknown peak”} UrE‘rb}X] o
Sl wet o) HAY Wl
A3}7|= 3o}k o]+ Hb variants2]
NSl W& AR Solide] ool wet Ax} ¢
o] T8 Wi+ AHo=Z 9 erzqoi
variantsol] tha] oj® Au7E o %
A3l HAA ERE 6&7417}

BAYS A&siMe ot 2

0}1’1 M M1 oo ¥ Y

ooo]-
H =

=
T

Aol &S
Hrt

et 22k 2389 (37195
T2 EF ug} Ao IHE
sfof & Ao R Azdt

GHb =74 A] hemoglobin variants == 71} €31 1=}
o ofsf F-A4ggt GHb Z237F Had 4 Qlo] o] =
Art A3 2 FAAg 9 JEE o7IAZ
ATt

webx] A3 F{FE WA fsiMe T
Hb variantsol] g+ “Laboratory finding”
Aol Fasirh EolA Aldgsta
checking process= € 53¢ 7, 4 2004 A
AAE 1A7+ Bal(turn around time) 2 o]A-Aw}
sh= ol E&2 otk AulA ikE FX1
ol¢lo|= ARWEINS T3 A} HH
HbAlc Z3} Hard] B4 Algroly 13} ~
g Fag onE 2z
AA ol thali Al 23+ 5o
g AMEZE Qs

HbAlc =4 A
Z}zvo] Az} ofato] =
o] glom, o5 Eg‘r*}ﬂ A8 Hb variants 734
A3 Bae] B3k 7zt o 719 5 HAR
TR EFo| np@ro]of st Hbol FaFs WA
A AAPEO Al s A & Hart vk 24
Ag o] A= A DNA Sequencingo] 713}
omn o] Ao gt & i}% Elgiais 01]7‘301"/}

GHb SHW2o] MAHS R 3} of

Fol Wixa) 1 9 QAE=E <la) a9 7%}

0FE HY & Ye QAT olo] B A4

=

=2 ul

L % 2l

fais

ZX(—)])\P 3 7:]]

/\E1

o
5o 2 ﬁ
o
o

X
¥ o= 2 orr

=

ofy
2

og =]
A}]\n =

76

% 4R $50) Yoy Aoz 47

HESA 402 HAE the drke 1 «lil‘é‘}% 59
Aoruet AR FH2 Q2L Hb variantse] WAT B

A7} A ETA AA Hb variants A7 1ol <)
AR AT L o8 ARZA 58 77 JE dolgkn
A 7ysit,

o Yop7h AA HF s Razn
o2 wWyste 2dthd I
RAog Az,

I

rot

a

1. Blackwell RQ, Ro IH, Liu CS, Yang HJ, Wang CC,
Huang JT. Hemoglobin variant found in Koreans,
Chinese, and North American Indians: alpha-2 beta-2
22 Glu Ala. Am J Phys Anthropol 30(3):389-391,
1969.

2. Bry L, Chen PC, Sacks DB. Effects of hemoglobin
variants and chemically modified derivatives on assays
for GHb. Clin Chem 47(2):153-163, 2001.

3. The Trial
Research Group. The effect of intensive treatment of

Diabetes Control and Complications
diabetes on the development and progression of
long-term complications in insulin-dependent diabetes
mellitus. New N Eng J Med 329(14):977-986, 1993.

4. Han JY, Wee JH, Kim JM, Kim JY, Kim IH, Rodgers
GP. A new observation of Hb Yamagata with a
different nucleotide substitution: beta 132 AAA --
AAT. Hemoglobin 20(2):165-168, 1996.

5. Hamaguchi K, Harano K, Harano T, Abe N, Sakata T.
Hb Ube-2 in a diabetic case with an abnormally low
HbAlc value. Intern Med 38(10):800-803, 1999.

6. Harano T, Harano K. The higher structure and
physiological significance of hemoglobin.
Rinsho 54(9):7-12, 1996.

7. Hardison RC, Chu DH, Riemer C, Giardine G,
Lehvaslaiho H, Wajcman H, Miller W. Databases of
human hemoglobin variants and other resources at the

Nippon

globin gene server. http://globin.cse.psu.edu/cgi
-bin/hbvar/counter(28, June, 2005), 2005.
8. Little RR, Mathew AS, Tennill AL, Rohlfing CL,



10.

11.

12.

Goldstein DG, Measurement of  GHb(GHB) in
patients with chronic renal failure(CRF): Are ion-
exchange HPLC results really invalid? Clin Chem
43(suppl.1):S136, 1997.

Modiano D, Luoni G, Sirima BS, Simpore J, Verra F,
Konate A, et al. Haemoglobin C protects against
clinical plasmodium falciparum malaria. Nature
414(6861):305-308, 2001.

Natan DM, Francis TB, Palmer JL. Effect of aspirin
on determinations of glycosylated hemoglobin. Clin
Chem 29(3):466-469, 1983.

Pauling L, Itano HA, et al. Sickle cell anemia a
molecular disease. Science 110(2865):543-548, 1949.
Rohlfing CL, Wiedmeyer HM, Little RR. England JD,
Tennill A, Goldstein DE. Defining the relationship
between plasma glucose and HbAlc. Diabetes Care

25(2):275-278, 2002.

77

13.

14.

15.

16.

17.

Schnedl WJ, Krause R, Halwachs-Baumann G,
Trinker M, Lipp RW, Krejs GJ. Evaluation of HbAlc
determination methods in patients with hemo-
globinopathies. Diabetes Care 23(3):339-344, 2000.
Schnedl WJ, Lahousen T, Wallner SJ, Krause R, Lipp
RW. Silent hemoglobin ariants and determination of
HbA(1lc) with the high-resolution program of the
HPLC A-8160 hemoglobin analyzer. Clin Biochem
38(1):88-91, 2005.

Vella F, lsaacs WA, Lehmann H. Hemoglobin G
Saskatoon: beta-22Glu-Ala. Can J Biochem 45(2):
351-353, 1967.

Weykamp CW, Miedema K, de Haan T, Doelman CJ.
Carbamylated hemoglobin interference in GHb assays.
Clin Chem 45(3):438-440, 1999.

olME, AL YT, A3, p246-249, oI5}
3L A2, 2000.



