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Whether It Is Understandable for Ordinary Diabetic Patients to Translate HbAlc
Into Estimated Average Glucose?

Kaya NAGAI, Asako SATO, Takako KUNUGI, Maya HARADA,
Keiko SAKATI Masayo YOSHINO and Yasuhiko IWAMOTO
Department of Medicine III, Tokyo Women's Medical University School of Medicine

Background and Aim: The American Diabetes Association advocates HbAlc-derived average glucose,
which is a way of translating HbAlc into average glucose (AG). Nathan et al suggested that AG=287x A1C—
46.7 mg/dl. We examine the correlation between one plasma glucose level and HbAlc, and compare to the
Nathan's correlation formula. Then we investigate whether it is understandable for ordinary diabetic patients to
translate HbAlc into AG with ADA recommendation form. Subject and Method: Subjects were 1,000 outpa-
tients, 62 = 15 years (means = SD) including 123 patients with type 1 DM, 828 patients with type 2 DM. We meas-
ured plasma glucose levels and HbAlc, and then applied liner regression models to estimate the relationship be-
tween HbAlc and plasma glucose. Furthermore, we examined whether there was a change in the correlation co-
efficient in age, sex, therapy, anemia and presence of chronic kidney disease. Result: Average plasma glucose
was 165+ 73 mg/dl, and average HbAlc was 7.2+ 1.3%. Liner regression analysis between HbAlc and plasma
glucose provided significant correlations (plasma glucose = 28.7 x HbAlc —40.7 mg/dl, p<0.001), and similar to
Nathan's formula. In the analysis of covariance, the correlation coefficient did not differ significantly across sub-
groups based on sex, therapy, or type of DM. Conclusions: We could use estimated AG at out-patients clinic,
when we explain the meaning of HbAlc with familiar words to diabetic patients.
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HbAlc i3l 1~2 » Aol a > puo— vz
KL, BERBOBE & inERoOfEL LCRE<H
WwWHENTWS, L2L, HbAle EE I L ITHEN S
Wiz EFH— SN TWizwnizd, HbAle ITIEHAED
JDS (Japan Diabetes Society) i &, KEZH.Lo& L
72 NGSP (National Glycohemoglobin Standardiza-
tion Program) fESFIET 5. Z D7z, HbAlc
DEBEELOFNATTE Y, 4% IFCCHEL W
IBAEL IHEM I B RILEIR—LEI NS
ZEPMEENTWAY, ZoH—LORTERE L

T, HARTIX NGSP HIZHH %3 % E B AEfE 2
FTHI LR o BERY HbAle (EBEE
fill) =HbAlc (JDSMH) +04%).

72, FEFIC HbAlc fE % 9 5 72 HbAlc
(NGSP ) % F 35 1L # {8 (average glucose :
AG) 12¥#8 ¥ % HbAlc-Derived Average Glucose
(ADAG) E W) @ RES N ST TWIHFY
MR L, BIWE Lz E % b L 0T
37, BEREH VT HbALe 2 HME LR
SEH I (estimated average glucose : eAG) & 15
LCwa. KREWERFEFS (ADA) OF—LR=
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Table 1 Baseline characteristic

Age (vears) 6215
Sex (male) 609
Diabetes Type
IGT 19
Type 1 123
Type 2 828
Other 30
Treatment
Diet 135
OHA 372
Insulin 493
Hb (g/dl) 137+17
Cr (mg/dl) 094+082
eGFR (ml/min/1.73 m? 71.7+26.0
Date are means + SD. (n=1,000)

T, FEBICHEIZE L7z HbAle # AN¥ 5 & Eim
WESHERESND L1225 TH DY, Nathan 5 i
eAG (mg/dl) =287xHbAlc (NGSP fif) (%) —46.7
EWV) R AL LY. 5513, COHEESImn
B % TR U 72 HbAle @ IFCC fii % NGSP i & Bf
LT AL DREI SN T WA, I S 1L,
KL FERESHERE Y ED o> T < HbAlc i %
TAHDIENDEEZ LNT VB, b LAETH
T L 72 W g LA 18 & 3 350 SV235 I 1 S MRl L e L
Tz, BEICE -T2 OHEE T I E 2 1
BT AHZLIFHLNEEZZONS.

Dz, FEEAE, HRTHELFRER
D HbAlc (EIRSEEEENE) 23 2 BERS M E 23,
ADA PR LT % SFI4 MHEIE o> §5FH A & 558 B L
TWRWnhziRal L, BEICHEEFI S 2 v
THP L7256, BEPTOMZ ML {FEZRE L
TELRABIENRTELNEI) e L7

HMREFE

2009 4E 10 A IC YRR Z2 2B L2 3~92 5% (B
609 f, FIAEHG 62+ 15 (P + IR ) %) O
PERRIR B 1,000 Bl &R 5 L L.

I B o> BRI PR BT X RERF & L, M4 & v
(plasma glucose : PG), ARCRAY GA 1060® (Ar-
cray JAPAN) I Tl L72. HbAlc (JDS f#) 134
Mz vy, ARCRAY 8060% (Arcray JAPAN) 12T
HPLC ¥ CHllsg L7z, MERRIHEME & HbAlc 3 [FE:
RILTH Y, 2N ZFNERIHE 30 5L ER £ %
L7z WlE 317z HbAle (JDSHE) %, @ik L7z
BEXZ AT NGSP #YTdh 5 HbAlc (FE iz
i) \ZHE L2

PERRB O (1 BUBEIRNG, 2 BUBEIRIG, 2 0ft)

&, HAMERmY S BIRRS AR CET AR
RICL BRI 727 REIT R SIR L O IR
L, AR BOMERTIE 120 Ui
D3OG L7z, BOMPERETEESL > 2) D
BRRIBREIZA V2 ) VBB S D7,

T8I (chronic kidney disease : CKD) i,
HERARIRIRIE ™ E  (estimated glomerular filtration
rate : eGFR) ZIiE 2 L7 5= (Cr) (BEEE) &
HHm B 2009 D CKD BBA A4 FUZHRE VKO,
LI HEHLZ (eGFR (ml/min/1.73m? =194 x
Cro®x Age™™ (ZxP1x x0.739)). e GFR<60ml/
min/1.73m* % CKD L % L, BMIZBETAES
T ¥ (Hb) <ldg/dl, ZMT Hb<12g/dl & Zh#
NEFRL .

¥ &t

# HbAlc (EIBREEHEAE) WIS § 5 B M i %
B 5720, SPCHllE L7z 1 1E o) RE s &
HbAlc (EIREEH#EAE) oM CEEDH & HifT L7z
ZOEREMRZ H, % HbAlc (ERIEHEE) (2
XSS 2 HEREMLAEE 2 95% BEXETRL, 215
7 Nathan & OH#ERA,SEH L7z ADA 2548R L
TV B PIYMBEEOFR A 5B L TV ki
A L7-.

S B HERFBOIREIR CKD - BILOH &, 5,
BFERN TOENZNOERBREZ —E 85850
TR L2 7= 7 3P+ EFETRL, Hat
1 SPSS” statistics 170 %5tV 7 b2 H w72, p il
13<0.05 ZFEEHEICEE L L7,

B R

x4 1,000 FIORRERERIZ, B 609 61, FI4E kS 62
RToolz. BRFOBENCE L T, R
19 f8, 1 BUBEIRIE 123 B, 2 BUEFRG 828 4, Z i
DFERRT 30 B (BEERAE 14 B, FFRE3H, A5 0
4 FHE7H], MODYL B, I ha> Y 7RG 1
B, ZOMA4Bl) Thotz BWEEICELTE, &
FFE DAY 135 B, RECIMBERE T 325 372 6, A
A YA BITH o7 F 72, CKD 1E 279 Bz,
HIMMi& 321 BlICEED 7z (Table 1).

x¥4 1,000 B OFH O mpEE I 16573 (26~576
(B/ME~&KME) )mg/dl, 35 HbAlc ([ B
fiE) 1£76+13 (50~143) % TH 7.

HbAlc (EIBHEMEAE) & B IMEE C B 59 %
FEAT L72& 2 AMBZ 7B ®, PG (mg/dl) =287 x
HbAlc (EBREEM) (%) —522 (R2=025) &9
MR E AR S 7z (Figure). = HbAlc (ERE
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Figure Liner regression of PG and HbAlc
PG (mg/dl) =287 xHbAlc (%) —52.2 mg/dl (RZ2=0.25)
The value for HbAlc (%) is estimated as an NGSP
equivalent value (%) calculated by the formula HbAlc
(%) =HbAlc JDS)(%)+0.4%

) CRERIMAEfE OB RRN o BIRRE L
Nathan 5 DR D 72 HEH X O BIRBEAEEL S B
WIEHELWZERD, ZO2EBIFITTCHD L
EA5. 51, % HbAlc (EIBZEEME) CxHiEs
% B IEE D 95% EHEXH &, ADA 23R $ %
Nathan 5 ORI A S EH L 72 3 M5 1E o # 7
E&LBL, Table 2[R L7z, ARRCEBICHIE S
N7-FERFIMPEME & ADA 2SR 5 M5 3 bk i
D 95% BIEX KX RREEIRD b oz,

F 72, BERBORM, MR, W%, Al - CKD
DEEET, BURREICEE’D 5 h—EESHHT
THEELLEZA, CKD L EMOEECHEER R
W7z (Table 3).

E

4, 1,000 ADTRFEREREE ITB VT, JRTHl

%Lf: 1 B O FER IPEfE & HbAlc (EIRMZEHEME) @

AR & BED 2. C o EYREARENIE, Nathan © O7R
Lt@hﬁ@&~ﬁbfﬁb,:hif@ﬂ%?@
HbAlc DZEALE & BRI D2 LERIZ, ADA A%
AL T 5 HbAlc DZALEE & HEH T35 b fE D 2
bREFETHLHEEZD. EBIT, & HbAlcfHIC
BT ABER MM E & ADA o ¥ 5 35 i B fE o
9% EEHEX K& ZEEIRO L o7z, F72,
CKD &% &6 5 &, HRRBEIAELEZRD
t:a#a HbAlc # HEHFHMMBEM TR LA L
WEAROBERINE X Y K& < 83 20 feE

75‘%& % (vl

Nathan & & 1 B8 JR 7% 268 A, 2 BUBE IR 9 159
N, JERERR R 80 A& & L, FilfEt =%
Y7 (CGM) #4To7-8&, 1 H 7 HROIMAERNE
(% —#7R) 247 - BT, FHYIHEEL HbAlc
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Table 2 PG and estimated average glucose

HbAlc PG Ht;{)})k **eAG

(%) (mg/dl) (NG%P) (mg/dl)
5 91 ( 53-130) 5 97 ( 76-120)
6 120 ( 78-162) 6 126 (100-152)
7 149 (104-149) 7 154 (123-185)
8 177 (129-226) 8 183 (147-217)
9 206 (155-257) 9 212 (170-249)
10 235 (181-289) 10 240 (193-282)
11 264 (206-321) 11 269 (217-314)
12 292 (232-353) 12 298 (240-347)
1)

Data in parentheses are average (95% confidence interval).
*Linear regression.

PG (mg/dl)=287xHbAlc—522.

The value for HbAlc (%) is estimated as an NGSP
equivalent values (%) calculated by the formula HbAlc (%)
=HbAlc (JDS) (%) +0.4%

**eAG (mg/dl)=287x HbAlc (NGSP)—46.7.

DB OWTHRE L7227, ZORE, ik E
& HbAlc OBICERVHIBI 2 528, HbAlc 225 F3
MAEE % H B3 5 720 D eAG (mg/dl) =287
HbAlc(NGSP 1H) (%) —46.7 &\ ) HEB R ZFETL L
72, 72, COMBEE & —F AT TR L, HER
NBE, B DAL & TR L THZOMRMEIEE
BRZTRd o,

4 H, % HbAlc (EIBSHEEHEMHE) (ZxHie T % BEIRFIL
PEAE D 95% EHEX 1%, ADA 23R LT A HEHE
I MBEE D 95% BEX M & —B L Tidwv 2 \»as,
BEE L Cwdol. DL LY, 2~5% Lvwbh
L4 L Ol Bk %R D 5 HbAlc fH & 10~20%
D CV (ZERE) 2RA0LMBEORKTH S 72
W, REERTVWEWS ZEXWMREEEEZ b &
DT E LY, L, AkT HbAlc % HEH T3 MLk
fEICE &2 CHEFICHB LG E, BEELOME
% I TSRk ToORMBRIMEEME L HbAlc OB
LERLLAeDLYE, EBHELR(EBTEL LEZ LN

ASE O, BESSRERE L T2 BEICHS
S MEE 2 AT 5 & E ST REAIRES 5 — TR
ELT, ARRERA DR BERFILHE & 54 1M
FEEVIHIDDELILTWAS, 20720, HELWIE
Bl ohEZSNS. Nathan 5DOHEFR L3
» A, BEREZEATICCOM R —F A%1To
THh 5 HbAlc 2l L 20 xE /2. 3% HH
CGM # 4T o 2bF Tld WS, kAT n e~
OWBETELRY EMHICKILLZREEZEZON
5. 2%, SRTO HbAle 2idH T Y B 72 il
LA L TWwA BRI, RERFIMAE & HbAlc DF
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Table 3 Comparison of regression equations PG and
HbAlc for subgroups

Slope p value

Diabetes type Typel (@=123) 25.0
Type 2 (n=828) 30.3 0.200

Treatment Diet (n=135) 271

OHA (n=2372) 31.3
Insulin  (n=493) 26.6 0.401

CKD + (n=279) 178
- (n="721) 325 <0.001

Anemia + (n=2321) 206
- (n=679) 318 0.002

Sex Male (n=609) 277
Female (n=391) 30.1 0454

FRIZMBIRICE W DI B EEZ bLE, I,
HEIE TR IEAEL D L I3 E LERR
MAEEB LK EVEFICZ OS2 T 254
&, MIE S 7z HbAlce & REEF MRS B AR I1C K & 74
BHER RO L EEZONS. OF ), HESNF
WM & BER IS ME 1 D R EE 2 30 5 2 & 1T

D, BEICHEBEI NSO, HRICEES2WwEE
ZAbnha.

¥ 72, CKD - EliOAETIE, ERREDIE BE
Lo TRRLI LML, WERFMFEE & HEE Fi i
WEMEANREES 2 BB 2 bz, T ORER]
TId, HbAlc 2 #H P IMAEE % FH W BB s
B, TOM» S ORI L VEVwdok %D,
RBEAZBCZ LR 720FMIBTAREEER
bNb. Zhid, HbAle P& TR BRE & 72
5720 TH ) (ZOMOIFREL L CEIFERR, &,
R, @i, BE<T) 7, BREANESTVE VE
&)Y, CKDIZH LTI, BUHELOBEIEZS
N5E. ZoLHIZ, FHMBEEX HbAle A HHEE S
b7, HbAlc OMIEES N, BEE, HR /»
R TEBLs2 T2 WHEIHLLEDNTSH
N7, SRBRELLZLIBEVLELBbNIE.

HAIE, HbAlc OEBER{LOBETH Y, HAE
TEHBRMEATEOEBERMIL, HENMEE 04%
ERBHY, BLITHREIHE—E N5 IFCC fEIZH
fi2d R s, HbAle 2 EFHMABETERT L 2
c, BIEEOBELICBIT A HbAlc DERLRHED
ZAIZHIE L R T Wi  wWEBRE O IR 2 BT 5
FRO1DICRBLEEZ DN, BERFEEESZEDD
YEUVHAATFT— M AV MIHRELIRENTY
5% HARTIE, BRHREESHIBRELRINTE
D, HhAlc L WIH & D RELTHB Y, BELC

HbAlc % Hff & & 5 72 8\ HE 5 T35 i FE 48 % 8
THREBIER A RWEELZONS, L L, &
%, EBEELT HbALc AT T X 04% 127427,
Z D% IFCCE% 78 L HbAlc ®HAL A [mmol/
moll ICEb L L E, MAELF LB THS [mg/
Al TEL T2 HEEFHMEMED HbAle DZLD
DHREBRELRBEND LRV,

T/, HRTIE, F5 5 CHERGSIELE
B MEEOMH T 2 P a2 ToTHB Y,
4 ¥ A Clix HbAlc (NGSP ) #79% Lo o~
M= VARERBEOBEIC, HbAlc % EERIC I M
ECTHBAL, 7 » A M OBEREE CIiLEE D% 3
izl WIREDRDH BV, S, LD L) IHEFY
MAEME OBESAY H AR TIRE L T 2 EERE
R AFLLERD 5.

HbAlc (EIBAZEEAL) & 43k o BERE MM o 4H B
1%, R*=025Td o 7. Nathan & 1%, # 24,000
RA Y POKRED &7 MMEE & HbAle DG %
KD, REBBII R =081 LEMBETH o7z T5 >
¥ O—REMIZBWT, HbAlc & MBEHEDOIEIZ &
%2R X ) BEAZRBERE O AR, REREDE
ETHole ) REND LY. HTLrDOHFED LD
12, X520 & DS WK ILEE CHETS UM B
BEL%E LHL, SHFELAGHERICBITS
HbAlc & FHMBEEDOREKRE RD7zDTIFRL,
ADA OHESET R TFIHMMBEMEEZ, ZhF THsk
THERFILME & HbAle OfEFRZ R Z TR - Tw
TeBEB T 2R EE L COREITH o 72,
D7D, HzTIESLDEDD L MEILFHE TR
TLUERD 7.

4al, 1 |6l REREILBEfE & HbAlc (EIRIEHEAE)
FICHBE 239D, ZO/RE»SHESN724% HbAlce
(EIBSEEHE(E) (SIS 3 % BERRILBEfEIZ, ADA 2332
AL TV AHEEFIYMBEEOFHH A S @B L Tz
Mol TNLOZ LMD, HRRETHEEND
FERFILAEfE & ADA 25278 L TV B #E5 E35 iffE
IR E REEL R {, BEICHE Y ImAEECH
L72Ya, BEZCOHEZEFTELDOTIE RN
MmEEZ LT
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