Korean J Clin Lab Sci, 2011, 43(4) : 171-178
ISSN 1738-3544

Relationship Between HbA,. and Estimated Average Glucose
by Hemoglobin Concentration of Diabetic Patients

Se—Young Kwon, Young—Ak Na
Department of Biomedical Laboratory Science, Daegu Health College, Daegu 702-722, Korea

Glycated hemoglobin (HbA, ) is a most preferably used baseline of diabetes, implicating average blood
glucose levels over a 2—3 month period of time. Recently the American Diabetes Association has recom-
mended the HbA,. assay as one of the criteria for diabetes. Although some studies provide data with
“estimated average glucose”, by converting the HbA,, results from simple linear regression, the results are
not applicable to whole diabetes. We compared the relationship between HbA,. and estimated average
glucose by anemia degree of diabetic patients in Korea. The data from the 2008~2009 Korean National
Health and Nutrition Examination Survey were used. Analysis was done for 1,257 diabetes subjects with
HbA,, results, The distribution of subjects was 34.1% in 60’s, 25.9% in 70’s, 21,6% in 50's, showing
that there was more than 80% in over 50’s, To take a close look of the differences depending on the
anemic degree, we applied WHO criteria (hemoglobin{13.0 in men and hemoglobin{12.0 in women)
and divided anemia degree. The regression equation for Alc and estimated average glucose was eAG-
mya=24.3 X Alc—32.0 (R*=0.54, p<0.001) in all subjects, eAG,,=33.1 X Alc—96.1 (R*=0.52, p<0.001)
in slight anemia (11.0<Hb(13.0 in men, 10.0<Hb(12.0 in women), and eAG,,,u=13.5 X Alc+34.9
(R*=0.12, p=0.075) in moderate anemia (Hb{11.0 in men, Hb(10.0 in women). The regression was not
significant in moderate anemia. The relationship between HbA,. and eAG was lower correlation than
ADAG study, and eAG showed lower value in all ranges among HbA,. 5~13%. Such as a korea where,
there are many diabetic patients among the old aged and higher prevalence rate of anemia, we should
be extra careful when we reflect eAG using HbA,. and need to establish criteria which can be applicable
to koreans,
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3 HbA, &= 35 ddd vlaf SA%ko] vy A
olgh= Hil(Litle 5, 2007)¢} 7 ol Jstz=AF A7
1 ZF9Ao] FxEHA 20109 | d =1 3] (American
Diabetes Association)+ FxH ] 2el7]ZF | HbAlc 6.5%
oS Fkskith. i B ek shol=aielelA
HbA, = National Glycohemoglobin Standardization Pro-
gram (NGSP)2] 215-& Hkil, Diabetes Control and Com-
plication Trial (DCCT)2] 3 AAPH = H-3l3f of 3 A
AJ3Heict, Bk ofuel HbA, ¥73) 7ML 59 9] IFCC
(International Federation of Clinical Chemistry) <=7} %
Alo] wo] m]=o] NGSP ghibx| e} 718l e % & l=tl, o
7100 ADASIAE Hba, 7} S B 9912 Wa
S 2 ADAG(Alc—Derived average glucose)E F7F2
718 THADA, 2010) (Table 1, 2).
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Table 1. Standardization of HoA,

1. IFCC-HbA,, (mmol/mol)
HbA,. (mmol/mol)=(10,93 X NGSP)—23.50
2. NGSP-HbA,; (%)
HbA,. (%)=(0.09148 X IFCC)+2.152
3. HbA,-eAG (estimated Average Glucose)
eAG (mg/dL)=28.7 X HbA, (%) —46.7
eAG (mmol/L)=1,59 x HbA, (%) —2.59

Table 2. Correlation of HoA,. with estimated AG (ADAG study)

HbA,, (%) eAG (mg/dL)* eAG (mmol/L)"

5 97 5.4
6 126 7

7 154 8.6
8 183 10.2
9 212 11.8
10 240 13.4
11 269 14.9
12 298 16.5
13 326 18.1

* Linear regression eAG,,,q=28.7 X Alc—46.7
'Linear regression eAG, =1.59 X Alc—2.59
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2,17 Y

Ao Hulol|A] 10-15 mL S EDTA £7]9} NaF £7]
o skl AR R 443 & 242 24k W
d 2|12 A8 A A (g/dL)E SLS hemoglobin (NoCya-
nide) WO Z XE—2100D (Sysmex/Japan)E ©|-&3fe] =
Asldet, T8I (mg/dL)-S Hitachi Automatic Analyzer
7600 (Hitachi/Japan)< o]-&3fe] £43F¢ o, T3dA
22(%)T HPLC (high performance liquid chromatography)
WS A8 23 7]7]5= HLC—723G7 (Tosoh/Japan)<
o]-g-3} et

3. &7l 4

tidzke] Aln Ao e ExE NEO00)E BAISH
ek, Hide] e Aol Aury] flaf A4 s R
= WHOZ|Z(EA} 13.0 o), o=} 12,0 o))< 283}
Model& -3 3itt. WA thdak AA oM eEd9+ &
st Lote] AAE A RY] S8 BE tdAE X5t
HehE Model I, @4 2x(g/dL) P4 13.0 o], oI} 12,0 ©]
2 23RS Model 11, B2} 11,0 ©]2 13,0 1]gF, &J=} 10,0
o] 12,0 W|¥k YRS Model I, F=} 11,0 1|¥k, oz}
10.0 w]Rt EH”X}E Model IVE UFo] A8 3] Anas 2]
Al 3, 28 A s A froeEe p<0.052 3kt
%7413*4 2 SPSS 15.0 (SPSS, Inc., Chicago, IL, USA)S A}
3kt

2 &

1 CHAALS| A - i 22

FAEA gedA L AR} e e &
1,257780]0. e o] F FAl= 61678(49.0%), 9IAR= 64178
(51.0%)011c}, AAIH 2 60t} 34.1%, 70th 25.9%, 50tH
21.60%E 50th o]4e] Hlgo] 80% o]+ FA|stsiTt. WAt
o] A9 60t 33.9%, S0th 25.2%, oJAke] 79 60| 34.3%,
70t 32.00 920 & H]go] Egkon] Y I 20~30Th <]

H| &2 5% o] 2 7P e BEXE HYH(Fig. 1).
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Fig. 1. Distribution of subjects by gender and age. The dis—
tribution of subjects was 34.1% in 60's, 25.9% in 70's, 21.6%
in 50's, showing that there was more than 80% in over 50°s.
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Model 12 E& gPdAE E3hsh Jdo g F 12571,
Model II= WHO 7|22 Hdo s|d3}A] &= I
(g/dL) FA} 13.0 o), o=} 12.0 o]
7, Model & A= WIF 150 2 F2(g/dL) WA} 11.0
°)’¢13.0 Wik, 2} 10,0 o] 12,0 W]RF thdA} & 134
Model IVi= 5% WEIFo 82 I (g/dl) EAF 11.0
vk, &32} 10,0 w9k th At 279 0 2 eyttt Wid o s)
Fa}A] ¢4+ Model 11¢]] 1% } 0.3%, A} 49.7%2. -
Fo zFo7} il oy, A WIE 252l Model TIoj|4] o=}
58.2%, %= WE 152l Model Ivoﬂxt oz} 66. 7%=
W8 Jerh ASrE ozto] vlo] A4 Eobxirt, AA
thdbell A 6ot o] Blg-o] 34.1%= 71 =gkont, WlE o
% Model 1113} Model 1VellX] 70t o] w]&-o] Z+2} 38.1%,
40.7%2 7V =2 B B3ltH(Table 3).
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2 A3 AA A}l s dsh= Model T % eAG-
g =24.3X Alc—32.0 (R'=0.54, p(0.01), ¥] W& th =43
Model I eAG,,;,=23.2X Alc—24.9 (R*=0.56, p(0.001),
A% HI™EIERQ] Model M eAG,,=33.1xAlc—96.1
(R*=0.52, p€0.00DE UER} 3H2le 2% fojai
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Table 3. Distribution of subjects by each model

Model 1* Model 11 Model 111 Model v
Gender Male 616 (49.0) 551 (50.3) 56 (41.8) 9 (33.3)
Female 641 (51.0) 545 (49.7) 78 (58.2) 18 (66.7)
Age 20~29 13 (1.0) 13 (1.2) 0 (0.0) 0(0.0)
30~39 57 (4.5) 54 (4.9) 2(1.5) 1(3.7)
40~49 160 (12.7) 145 (13.2) 13 (9.7) 274
50~59 272 (21.6) 247 (22.5) 18 (13.4) 7(25.9)
60~69 429 (34.1) 373 (34.0) 50 (37.3) 6(22.2)
»70 326 (25.9) 204 (24.1) 51 (38.1) 11 (40.7)
Total 1,257 (100.0) 1,096 (100.0) 134 (100.0) 27 (100.0)
*Model I : including all subjects
Model 1I: Hb >13.0 in men, Hb >12.0 in women
Model I: 11,0<Hb(13.0 in men, 10,0<Hb(12.0 in women
Model IV: Hb(11.0 in men, Hb{10.0 in women
Table 4. Linear regression of HoA,. and eAG
Unstandardized Coefficients  standardized Coefficients -
Model" Adj. R F D
B S.E B
constant -32 4.8 —6.7
Model 1 0.54 1453.4 0.000*
HbA,. 243 0.6 0.7 38.1
constant —24.9 4.7 —5.1
Model 11 0.56 1371.3 0.000*
HbA,, 232 0.6 0.7 37
constant -96.1 20.7 —4.6
Model III 0.52 146.2 0.000*
HDA,, 33.1 2.7 0.7 12.1
constant 34.9 49.8 0.7
Model IV 0.12 3.5 0.075
HbA,. 13.5 7.3 0.3 1.9

" See Table 3
2 p(0.05

Elytar, v 918 giakake]l Model o4 R2S 0,560 7}
& =7 eyttt 55 Md159] Model IVE eAG,,
a=13.5XA1c+34.9, R*& 0,128 AWdo] val pgre
0.075% YERY 3]7] 2 o] f-2]31A] 23kth(Table 4)(Fig. 2).
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Fig. 2. Linear regression of HbA, and FBS. A) Model |,

o =232XAlc—24.9 (R*=0.56, 0.001), C) Model I,
1 =34.9X AlcH35 (R'=0.12, p=0.075),
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eAG,,q =33.1XAlc-96.1 (R=052, p(0.001), D) Model VN, eAG,
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Fig. 3. Comparison of HbAlc with eAG. A) ADAG study and Model |,
lower value than ADAG study in all ranges among HbAlC 5~13%,.

B) Model I, Model Il and Model IV. The eAG showed

W=28.7XAlc—46.7  (AG,, ,1=1.59 X Alc—2.59)
™, R%=0.84, p(0.00012 VEbsth T2y @ v o
Fog BAF A eAG,,,=28.3XAlc—43.9 [R=0.79,
p<0.000110] 2Tk Nathan 5, 2008). Bw A4St
o2 g B A7 HA didAtellM FAHHAET eAG,,
1=24.3XA1c—32.0 0|93, R*& 0.54% UFERL} ADAG ¢
Ate] 0,798 T} A o] wieprt,

I#Y Young (2010)2 HbA, 9} FAHAIL

E $hA}ol] H-g317] ol ADAG 7ol B 71A] Al o]
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HbA, Tl B FX]= 50% 25 9
Epdthal afo] & Ao} HlS=gk A E& Al st
g, U =ollA] 4065418 o2 Fa
=S E3H) 387 New Hoorn Studyoll A HbA,,
5 4, 22]aL HbA 8t A5 2413 d3ate] AFaEA
3}, AA FBAGE 247} 0,467} 03302 18] =X 923t
o} HbA, o} 35 o] FuArE 7€ ST 0.71,
AEA FeE Pt 0.53, AT 0.26 02 UrE} o,
HbA, o} 215 2AIRF G o] AAAIG= 242} 0.79, 0.43,
0.14 = vEht At -3l A G5t 2 4} %Xéﬁéﬁ

EHL% FAHA| ko), i ek 9 A
Oﬂ FHF HAF A HbA, o] 282 18 - Y-S
2 ﬁ}ﬁv}(Riet s, 2010).
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