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Establishment and international comparison of reference
methods for glycated hemoglobin
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Abstract: To promote the standardization and harmonization of glycated hemoglobin Alc (HbAlc)
testing results in medical laboratories across Beijing, we established a reference method for HbAlc.
This method participated in the International Comparison Program for HbAlc Reference Laboratories
organized by the European Reference Laboratory Network for HbAlc to validate its accuracy. The
experimental samples consisted of HbAlc network reference laboratory proficiency testing samples
imported annually from the Netherlands, including six calibrators (A-F), ten intercomparison
samples, several quality control materials, and additional auxiliary samples with International
Federation of Clinical Chemistry and Laboratory Medicine (IFCC)-assigned values. The pre-treatment
process involved digesting samples with protein endopeptidase Glu-C. The experimental samples
were removed from the —80 C freezer and allowed to reach room temperature. Subsequently, 50
L of Glu-C (mass concentration: 200 pg/mL) was added to each sample vial at a ratio of total
hemoglobin to enzyme of 1 mg:0.01 mg. The volume was then adjusted to a final volume of 500 pL
with ammonium acetate solution (50 mmol/L, pH 4.3). After thorough mixing, the samples were
incubated at 37 C for 18-20 h. Using mobile phases of methanol and 0.1% formic acid aqueous
solution under gradient elution conditions, the detection of HbAlc in international samples was

performed via high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS).
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A gradient elution mode was employed for liquid chromatography separation using a Shimadzu C18
column (50 mmx3 mm, 2.2 um). The injector temperature was maintained at 4-8 C, with a column
temperature of 30 C. The flow rate was kept constant at 0.6 mL/min, with an injection volume of
5 wL and a total run time of 8 min. The MS detection was performed using electrospray ionization
(ESI) in positive ion mode with multiple reaction monitoring (MRM ). The monitored ion pairs for
the precursor and product ions of non-glycated and glycated N-terminal hexapeptides are m/z 348.2/
237.2 and m/z 429.2/245.2, respectively. The linearity was evaluated by performing regression analysis.
The HbAlc (mmol/mol) quantification in unknown samples was achieved by performing linear
regression using Analyst 1.6.2 software. Peak areas were integrated, with the abscissa (X-axis)
representing the known concentration ratio of HbAlc to hemoglobin A0 (HbAO), and the ordinate
(Y-axis) representing the average peak area ratio of glycated to non-glycated hexapeptides. Both
glycated and non-glycated hexapeptides eluted within 3 min, with linear correlation coefficients
ranging from 0.999 6 to 0.999 8. The quality control (QC) materials (>3 types) annually provided by
the IFCC were analyzed. Since each QC material in every shipment typically consists of two rep-
licated vials, enzymatic digestion was performed in two separate batches. For each batch, five
parallel samples were processed, followed by triplicate injections of each sample. Intra-assay and
total coefficients of variation (CV) were calculated. The intra-assay coefficients of variation (CVs)
were 0.35%-2.20%, and the total CVs were 0.83%-2.39%. From 2018 to 2024, IFCC compared in-
dividual laboratory results with the overall median, calculating proportional bias (slope) and
systematic bias (intercept) based on linear regression. Our laboratory’s combined statistical test
value (computed from slope and intercept) ranged from 0.1 to 3.0. The systematic bias ranged from
-0.69 to 1.27, and the proportional bias ranged from —0.009 to 0.021. The residual values from all
testing points in the 2024 proficiency testing (PT) program were evenly distributed around zero.
Furthermore, the magnitude of residual deviations from zero was relatively small compared to those
observed across the 15 participating laboratories, demonstrating satisfactory consistency in our
laboratory’ s analytical results. The established HbAlc reference method demonstrated robust
performance, achieving satisfactory results in IFCC international comparisons from 2018 to 2024.
Keywords: glycated hemoglobin; liquid chromatography-tandem mass spectrometry (LC-MS/

MS); international comparison
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AR [ fF 22 3 O B HbAlce W45 % S0 % 1t
XFREA, FEAL T 6 MALHE & (A~F) (10 32 X AR
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Table 1 2018-2024 IFCC glycated hemoglobin international comparison sample information

Year Study Calibrators

Intercomparison samples

Controls Other controls

2018 Chicago pcal 2014-A, B,

C,D,E,F

Chicago 01-Chicago 10

2019 Barcelona pcal 2016-A, B,

C,D,E,F

2020 Seoul pcal 2016-A, B, Seoul 01-Seoul 10
C,D,E, F

2022 Kotten pcal 2019-A, B, Kotten 01-Kotten 10
C,D, E,F

2023 Rome pcal 2019-A, B, Rome 01- Rome 10
C,D,E, F

2024 Dubai pcal 2023-A, B, Dubai 01-Dubai 10

C,D,E,F

Barcelona O1-Barcelona 10

LTCC-1, LTPC-1, Milano 8, CalCheck 02 (2011-E)

Shanghai 1

LTCC-1, LTPC-1, Chicago 1, pcal2012-D, pcal 2019-A, B,

Shanghai 8 C,D,E,F
LTCC-1, LTPC-1, Chicago 1, pcal2019-B
Shanghai 8

LTCC-1, LTPC-1, Seoul 8, LTCC-2

Chicago 1

LTPC-1, Seoul 8, Kotten 9 LTCC-1, LTCC-2, pcal 2023-

A,B,C,D,E,F

LTPC-1, LTPC-2, Kotten 9,
Chicago 8

LTCC-1, LTCC-2

IFCC: International Federation of Clinical Chemistry and Laboratory Medicine.

1.3 XBWHE
1.3.1 #Efg

i BOIFCC 1 2 2% W & J7 15 FF A i ik 21 20
BEUY N80 C VKA HBCH A7 00 [ B EL X i 0l 7= 4 R

A WEEZRG EBEAMAOEA BN 1 mg:
0.01 mg Wy LB, i) & HAEASHE 1 m A 50 pL Glu-C
(FTHr ik BE 200 wg/mL) , & i, #h 2 & R B2 1% W (50
mmol/L, pH 4.3) £ Z K 500 pL, IR 5, & T
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37 CHFE 18~20h. WAL G &0 B LU 5
pLo, i 500 wL FEE-ZK (121, B EG ), RE A

P T 1 B B X A A Sy s L 7 ), R TR i 4 I
FEAS HbAle RYRGIN 75 15 5 K 0 Ab 38 R 5 1 7 9
PR HEAT b3 Tl A ok R A A 00 A Y A B P
BEAR B 2 mL 4 i, #E 2 000 g B0 T E
O 10 min, B0 J5 3% LJZ Mm%, A 10 mL A= #
KPR, B0 5 7 & LW, A 10 mL 0.15
mmol/L ) NaCl & , T 37 CWE & 4 h, R )5 #
2000 g #.0 /1 F B 10 min, 35 BWE W, A 1
mL 258 F K, B a7, o A AR
Glu-C (&, 5 Jo W H AT G M 21 28 1 /KPR
T4 BT 3 2 R AT A o
1.3.2 HPLC-MS/MS #: J|

HPLC 19 43 &5 5% A1 86 BE Ve i 1 75 =X, 3% 41
C18 %% 4 (50 mmx3 mm, 2.2 pm, & A ), ¥
BE IR B I AE 4~8 C, MR 30 T, # . 0.6
mL/min, HBIA A K 0.1% FBRAKIE W, B A H
B, AR R 7E 0.6 mL/min, #EREAFR 5 WL, 46 I i
] 8 min. ## 5 ¥ENFE)F :0~ 0.5 min, 5%B; 0.5 ~
1.5 min, 5%B ~ 60%B; 1.5 ~ 2.0 min, 60%B ~ 100%B ;
2.0 ~ 4.5 min, 100%B;4.5 ~ 8 min, 100%B ~ 5%B.,

JO i A SR FH RIS 257 25 - JR (electrospray ion-
ization, ESD) 1IF & + . 2 & I % Il (multiple reac-
tion monitor, MRM ) #& it 47 € A I, 35 F LA
A K 241.325 kPa, B JE 5 500 V, i )& 500 C, % 1k
. 379.225 kPa, 4l Bl #4 <, 344.750 kPa, L& &
8OV, i1 2 A HLJE 10V, I HLE 16 V., JEHH
Ak FUBE £k 7S K A9 B 2 1 A1 2 1 9 W T X 4y
A m/z 348.2/237.2 Fll m/z 429.2/245.2, % I [ Fif
FERE R 25V 30V,

1.3.3 A

K H Analyst 1.6.2 FF, 06 1 B2 B oy b 3L
B Ak BR A TFCC 42 4L HbAle 5 1L 2T % 4 AO(he-
moglobin A0, HbAO) [ ¥ & b, 2\ A 45 Sk #l 1k 5 3E
Ak 7S KA SF- 247 06 T B BG (L, 8O M [l S 0 4R
P, 2 'R B HbAle(mmol/mol)
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N A i (14 B Ak 55 A 5 A0 75 K, DA 38 f 1% 48 85 7 28
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(g v B A AR ) S B i 22T

A5 B R 1 A B R i 0 D B DRSO L R T
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7S K 5508 AL 7S BR324 T 1 2 B B A T R 1 i 0,
U ATV FH B e O 0 i, R A B AR Y L 91
pH {8, 5 28 B W5 AL AR AL /S IR FE 3 min P4 U6
W (P& 1), e (ARG 0 B 1] g 8 main, H. MY W B ) £
VR WE R, R BB S % O b il g
Jyiki e
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Fig. 1 Chromatograms of the hexapeptide using gradient
elution under MRM monitoring mode
HbAO: hemoglobin AO; HbAlc: glycated hemoglobin Alc.

R IFCC 2 % I & #2 )7, HbAO #1 HbAlc
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() B B 7 LT B 1 43 i m/z 348.2/110.0 J m/z
429.2/245.2, % ¥ MRM # IFCC #fi 7 i) SIM £ =
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429.2 Fl m/z 245.2, M TAEBEAL S B, + 25 F 14
R m/z 348 B BE BT W RS RUE s 10 1R
T m/z 237.2,9F Hil i3 J5 e 5%, & i %t 85 1
XTHE 348.2/110.0 i i S MAR AE , H W 24057 15 53 531 hy
N Ui 8 2.3 B SR A% 5L 2 R FAR 4.5 2 R 1R ok Ok
Z AL, 55 5T A R 2 O G v O 1 ARG N 4 SR
—H,

N A R A B T A2 2, E T A B AP R A X R
R KB R i Ak, Sk bk T A G
A 5T R WA 35 2 B I8 B bR KBS |, i 3
ST A I 2 A BIE 5 D) 3 s ) 46 5 0 R R
ffi 2.0~3.0 min #) HPLC i 3 98 A i A, Hi4x
I [1] 127 D7) 4 28 10 R HE o, kO T 5 SR VRAH £ 354X
KB, TR RS 2 WA 0 3 - B I T 1SR I
AR
22 ZUXRNBETE

1 HPLC-MS/MS #a il v, 55 46 W I i) 25+ X,
A RE 5 5 e Ry A A T LB T AR RCR 1Y AR Ak Bl Az
FI) A I A 3 T 4 CAn L PR AL A W e A M TR
T ) T 52y k2 AR . R, FRATT E R UE AT
TR RE IR UE , AL HE Lk OC R K B RN U
Mo WERITE EEE T2 5 IFCC [H RS % 50K % [A]
AR B X SR A 285 R L 2.3 5 .

LR R B IEAE 7 IR R HE AL 9 HbA e
F1 HbAO 149 B L5500 £6 R A1 Ak 7S IR iy e v FH L
PEATERAE RIS JF T BT 45 05 #1155 HbAle W B .
22 M5 T 2018-2024 4F 24 it & v, HbAlc
AT TR R R A RECRARE R 2E .
S5 AT LLUF Stk 18105 & 00 A i B 0.999 6~
0.999 8., Fi i 1 2k Wt 12 223K

K% R EEHEZ — &K
fiff 9% 3 1o 78 5 & B (coefficient of variation, CV) i
fEAE BB, 7 0 F X IFCC 4 4F 1R 25 1Y 5 42 4

(=3 Ff) SEAT AL, phr gtk 00 27 10 g b S0 4 — i
2 SCE S PR IR AT A A 2 AT O Ak A
RS 5 SO AT AR A SERE 3 Uk, TS AR
AR RE AR IAE 3. NG RAT LA W 7 E s
A5 Y5 B A 31.2 ~ 81.6 mmol/mol Ji #2 J i # 1 v
N AR S R R KR 2.20%, F /N 0.35%, A8
FREU KN 2.39%, fie/NH 0.83%, L Py FE AR R
BoEe KM R R bk B K CF B W R E
Chicago 1,
23 wiF

2R 16 XS EZ LR ESH IFCC Hifb i £1 &
25 B xR, X% IFCC G — W 25 1Y o 42 5 A
i A EC X RE A AT R o BEAE LR AR R A A
K I IR — W, B IR S AN HE R REA . TFCC 4141
R N LRI A N BOR s NP NG R A g i}
Jo KA R E ARG SR A M 2 RS
SR T 7 BT R B, OF AR I AR DG RO R R R
(He B m RS X i) FEEE (RS M, Y ) K Rbx
B AR A O 2 AR 255 — N SR ok K K S 5
BRI 2

IFCC LA HbAlc 50 mmol/mol( £y ¥ R 95 12
W i V1 D) 9 AR F R 2E 1.5 mmol/mol R kx e 317
WAL o AT E R E L5 E X 45 F mmol/mol
HbAlc(f] & 50 mmol/mol ¥4k ifil 21 % 1) i F 4
i 2% , IFCC 5 Lb ] i 22 F1 3R G2 M 22 45 & Ok, 64T
HEFGIHKRE . 76 1%.5%. 10% 5% 4T & 15 X 4]
W LIFCC 348 T WA A5 B 2 I A E (WL 3% 4) - LA
2024 AR BB — AR R 1% MBS X, 5.7
(Mt 5.7 BSEIR = AT 99% AT AE M HH f f 25 % 41
MEBIE D) o 25 A PR IERE 10% A9 EAF X H 2 2.9
GHE T 2.9 M S22 45 90% (1 nl A v B 51 2 % 41
P o M E RS TE —Dhs R A
RN A7 R IR ER B AR (8] 2) 5 2 T A
ASPRUERT AR

2018-2024 4F , % 52 5 5 A I 285 SR 1 2R 40 7%
W -0.69 ~ 1.27, It il W # 5 Fl S -0.009 ~
0.021, Z5 & Go it K 46 25 R e KM 3.0, Fe/ME K

* 2 ®KEMHbALc 5 HbAOMRE L SHEUMIERE L ARMIEERILNLERIESH
Table 2 Linear regression of calibrator [HbAlc]/[HbAO] on peak area ratios of glycosylated hexapeptide and non glycosyl-

ated hexapeptide

Item Slope (m) Intercept (b) Correlation coefficient (1) Standard error of estimate (S, )
Mean 1.47 -0.0001 0.9997 0.0013
Range 1.2550-1.5780 -0.0011 0.9996-0.9998 0.0001-0.0019

Peak area ratios (Y) were plotted against concentration ratios (X) and fitted to a linear regression model: Y=mX+b.
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Table 3 Intra-assay coefficients of variation (CVs) and the total CVs for the quantification of HbAlc
2018 2019 2020
Control A?jﬁ:ﬁirzzlll;e/ Intra-assay CVs/% Total CV/% Intra-assay CVs/% Total CV/% Intra-assay CVs/% Total CV/%
(n=15) (n=30) (n=15) (n=30) (n=15) (n=30)
LTCC-1 59.7 0.72, 1.21 1.23 0.63, 1.20 1.41 0.49, 1.05 1.31
LTPC-1 49.9 1.10, 1.15 1.65 0.80, 0.93 1.36 0.38, 1.11 0.85
LTPC-2 49.1 / / / / / /
Milano 8 78.8 0.98, 1.11 1.38 / / / /
Shanghai 1 31.4 0.69, 0.82 0.98 / / / /
Shanghai 8 78.3 / / 0.50, 1.48 1.95 0.78, 1.29 1.94
Chicago 1 31.9 / / 0.73, 0.93 1.41 0.80, 1.62 1.79
Chicago 8 78.6 / / / / / /
Seoul 8 81.6 / / / / / /
Kotten 9 31.2 / / / / / /
2022 2023 2024
Control Afiingr;lgsrjil;e/ Intra-assay CVs/%  Total CV/% Intra-assay CVs/% Total CV/% Intra-assay CVs/% Total CV/%
(n=15) (n=30) (n=15) (n=30) (n=15) (n=30)
LTCC-1 59.7 0.69, 0.85 1.44 0.72, 1.18 1.29 / /
LTPC-1 49.9 0.57, 1.33 1.82 / / 0.46, 0.88 1
LTPC-2 49.1 / / / / 0.50, 1.19 1.27
Milano 8 78.8 / / / / / /
Shanghai 1 31.4 / / / / / /
Shanghai 8 78.3 / / / / / /
Chicago 1 31.9 1.33, 2.20 2.39 / / / /
Chicago 8 78.6 / / / / 0.48, 0.66 0.97
Seoul 8 81.6 0.35, 0.63 0.83 0.63, 0.88 1.18 / /
Kotten 9 31.2 / / 0.56, 1.03 1.28 0.67, 0.79 1.32

0.1, ¥ A M i 547 45 72 19 5 AP vER I 518, B
Y5 A G 1 9 L N 2 AR AR S B 3 6

UL 2), Bl B A S5 % ST 19 HbAle 275 U5 ik G
S5 RASE , HEm R

x4 HbAIcKHMMEBRESFRITHREE

Table 4 Bias and the results of the combined statistical test for the quantification of HbAlc

Year Systematic bias (abscissa) Proportional bias (slope) Combined statistical test outcome (critical values a,b)”
2018 -0.16 0.016 1.5(10.1,5.1)
1.27 -0.018 3.0 (10.4,5.1)
2019 -0.22 0.009 0.4 (5.8,2.8)
0.48 -0.006 0.4 (6.1,3.0)
2020 -0.29 0.008 0.3 (5.8,2.8)
-0.26 0.008 0.3 (6.0,3.0)
2022 0.34 -0.009 0.4 (5.8,2.9)
0.58 -0.006 0.6 (5.9,2.9)
2023 0.30 -0.006 0.2 (5.7,2.9)
-0.45 0.021 2.4(5.5,2.7)
2024 -0.69 0.011 0.9 (5.7,2.9)
-0.15 -0.002 0.1(5.5,2.7)

* Critical value a:

calculated at the 1% confidence interval; critical value b: calculated at the 10% confidence interval.



254 - @ T F 44
3 3 3
r 2018-1 2018-2 F 2019-1
w 21 w 2 w 2 ® o
< < <
5 1L 5 1L S 1L
2 L =
= = 3= °
- » .
2 I I g71r
(ol (ol w9t
_3 L L 1 L 1 L 1 L 1 1 L _3 PR I R PR I U R _3 L | L | s n | s | s
—0.06 -0.04—0.02 0.00 0.02 0.04 0.06 —0.06-0.04-0.020.00 0.02 0.04 0.06 0.08 —0.06 —0.04 —0.02 0.00 0.02 0.04 0.06
Proportional bias Proportional bias Proportional bias
X 2019-2 > e 2020-1 X
w 21 i o 2r i w 2
< < <
s 1L s 1L S 1L
=2 2 =
% 1F % 1F 2l
-t > >
wn =8 wn =0 wn ==
73 L 1 1 1 1 73 1 1 L 1 * 73 1 1 1 L
—0.06 —0.04 —0.02 0.00 0.02 0.04 0.06 —0.06 —0.04 —0.02 0.00 0.02 0.04 0.06 —0.06 —0.04 —0.02 0.00 0.02 0.04 0.06
Proportional bias Proportional bias Proportional bias
> 2022-1 ; 2022-2 ! 2023-1
w 2 ) w 2| - w 2T )
< - < <
B s 1L 5 lr
g | e 2 g0
St St 2
Bl . Z A 22
wn 2 & wn —9 |~ w0 4 .
73 L n 1 n 1 n L 1 1 L 73 1 1 n 1 n L 1 L 1 L 74 L 1 L 1 " 5 1 L 1 L
—0.06 —0.04 —0.02 0.00 0.02 0.04 0.06 —0.06 —0.04 —0.02 0.00 0.02 0.04 0.06 —0.06 —0.04 —0.02 0.00 0.02 0.04 0.06
Proportional bias Proportional bias Proportional bias
; 2023-2 ; 2024-1 ; 2024-2
g 21 ) w 2 ) w 2 &
2 2 ]
5 1L 5 1L 5 1L
Q Q Q °
B B= = °
E o E o = o LR
etk etk ° g1+
14 1Z] w
> r > F By L
wn —92 |- wn 2 | o wn —9 |
L 1 L 1 L 1 L 1 1 | PR IR ST I [ 1 1 L L L 1

*3 n n n "
—0.06 —0.04-0.02 0.00 0.02 0.04 0.06
Proportional bias

73 N L L
—0.06-0.04-0.020.00 0.02 0.04 0.06 0.08
Proportional bias

*3 L L n "
—-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06
Proportional bias

B2 2018-2024fF IFCC 16 XS HE LW EHLL XL R (kB IFCC MR &)
Fig. 2 Interlaboratory comparison results of 16 IFCC reference laboratories from 2018 to 2024 (based on the IFCC feed-

back report)

Dots represent the laboratories. The ellipse encloses the area with labs that passed the statistical test. The red dots represent our

laboratory.
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Fig.3 Residual plot of the 2024 IFCC interlaboratory comparison sample results (from the IFCC feedback report)
a. comparison results for the first half of 2024 ; b. comparison results for the second half of 2024.
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Table 5 Expanded uncertainties for the quantification

of HbAlc WAL ML 21 85 3 AE A B8 BR s 12 Wi A 309 i 4 0

Samples Target/(mmol/mol) U’/(mmol/mol) PEROAZ O F8 A5 , FLARG I 45 SR A E e A eT HebE E 4

Kotten 9 312 0.96 K F B A BR B PR R 0 I DR A JE7 L AR

Seoul 5o 233 T TG 0 7 v 2 2 5 o R AR S )
pcal-2019-E 102.5 2.07

B, AN [) S 56 2 [R) G 25 R 25 S v KRIAF AR T B
W) 1 IIf PR Bk 5 (%) nl SE E 0, IFCC F 2002 4F & 57

* Expanded uncertainty, k=2.
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