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[HE] B EARFEHEMATE A (HbALe) KT 2 BIMEAROR B E D o B AIEThEE,  FAix BB 2016
1A ZE 2017 7 ALERETTE — N REERE N/ W EHE BE k2 B R 5888 00 2 BB IO B 467 H10IG IR BTk, ARAE
HbAlc K44 3 240 . HbAle <T%4 (1% HbAlc 41) 117 il 7.0%<HbA1c<9.0%2H ( ' HbAlc 41) 149 £ HbAlc=9.0%
Z1( 1% HbAlc 41)201 i, Git4H—MIGIRIEHS , ic 52 8 S F i 75 ¢ M i 53855 ( OGTT) J& 30.,60,120,180 min FYIfil
BE(GLU) C IKANEE = MM (CLA) . WA A &0t E &S C Ik GLU/GLA .C IRl 26 F M AR (AUC, . ) .GLU/GLA #h4: T i
(AUCq 00 ) B9ZEAL, FEXT HbATe (AUC, e AUC o SEATHISCHE T, 4R Bl% HbAlc TS, S X OGTT J5 4B [A]
F) C K AUC I B TR, 278 51T #= L (P<0.05) ik HbAlc 41 % HbAlc 2 /& HbAlc 2 C BKIG(E Y H BL7E O AR
75 g WS 120 min, 233149 6.56 (5.02,9.32) ng/mL .4.58(2.96,6.22) ng/mL 2.46(1.45,3.78) ng/mL, Bfi# HbAlc HIZ
FHE 2518 & OGTT J5 30 min it HbAle 205 7% HbAle 20 GLU/GLA B F L FF (B LR TG H 22 X (P>0.05) ,H:
RAS AT E] S0 GLU/GLA (AUC iy o BB BT AT, 25 R ORE G253 L (P<0.05) . AT Ok 75 ¢ B A 120
min JK I IEAE 2354 0.105(0.067,0.144 ) mmol/ng .0.146 ( 0.102,0.209 ) mmol/ng .0.181( 0.138,0.246 ) mmol/ng, Pearson #H
KAHIR HbAle 5 AUC, y 2 FiAI R (r=-0.6093,P<0.05) , 5 AUC 1y 0 S IEAASE (r=0.3679, P<0.05) ; AUC, x5 AUC /000
EHHMI(r=-0.3230,P<0.05) . ZI6% 4 BIHS 7R HbAle 5 AUC, £ HAHE] B(SE)=-0.0031(0.0002) ,P<0.05],5
AUC, oa B IEARSE] B(SE)=0.0359(0.0057) ,P<0.05] ; AUC. ;x5 AUC, o0 22 AL B(SE)=-0.0133(0.0023) , P<0.05],
H AUC, 5 FFE 10% ,AUC 00 LT 7.8% ., 4518 2 BUBHIRAG AR HbAle SRS NI sE 2 VI,
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[Abstract ] Objective Comparison of islet alpha and beta cell function in patients with type 2 diabetes at different HbAlc
levels. Methods A total of 467 patients with type 2 diabetes were stratified into three groups according to the level of HbAlc: Low
HbAlc group (L) < 7.0%, Intermediate group (1), 7.0%<HbA1¢<9.0% , High HbAlc group (H) = 9.0%. Anthropometric varia-
bles such as height, weight, and blood pressure were measured. 75 g oral glucose tolerance tests (OGTTs) were performed to measure
fasting and postprandial 30 min, 1 h, 2 h, as well as 3 h plasma glucose levels. Serum C-peptide and glucagon levels were also meas-
ured at each time point. ANOVA tests were performed to make comparison of C-peptide, plasma glucose/glucagon (GLU/GLA) , area
under the curve of C-peptide (AUC
ation of HbAlc with AUC

¢ -peptide ) ) alith dibd UMD L LULVEe UL LU i VAV MGLU/GL

¢ -peptide ¢ SAYMGLU/GL,

levels were both decreased at each

The C-peptide and AUC, .
time point during OGTTs as HbAlc increased ( P<0.05). C-peptide
levels in three groups were all peaked at 2 h ( C-peptide level was
6.56 [5.02, 9.32] ng/mL, 4.58 [2.96, 6.22] ng/mL, 2.46 [ 1.45,
3.78] ng/mL in L-, I-, and H-HbAlc group, respectively). There
were significant difference in GLU/GLA and AUC,,, , levels among
the three groups (P<0.05) at 1 h, 2 h and 3 h, as HbAlc in-
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creased, GLU/GLA and AUC_,,,, increased. However, there was no difference in GLU/GLA and AUC,,,, at fasting and 30 min
between the I- and H-group (P>0.05). The value of GLU/GLA in three groups were all peaked at 2h ( GLU/GLA was 0.105 [ 0.067,
0.144] mmol/ng, 0.146 [0.102, 0.209] mmol/ng, 0.181 [0.138, 0.246] mmol/ng in L-, I-, and H-HbAlc group, respectively).
In addition, Pearson correlation revealed that HbAlc was negatively correlated with AUC, . (r=-0.6093, P<0.05) whereas posi-
tively correlated with AUC ;¢4 (7=0.3679, P<0.05). Certainly, AUC, . was negativelyassociated with AUC; . (r=-0.3230,

P<0.05) . After adjusting for covariates in multiple linear regression, the association did not change. We observed that AUC, . and
AUC,, /o4 Was negatively and positively associated with HbAlc, respectively ( 8 =-0.0031, P<0.05 and B =0.0359, P<0.05).

AUC, .. Was negatively associated with AUC;;;,,,( B =-0.0133, P<0.05). As AUC,

fell by 10%, AUC, 14 were up 7.8%.

-peptide

Conclusion HbAlc had a close relationship with pancreatic cells function in patients with type 2 diabetes.
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a3 Wb B AE A K, A B 55 8 i B % ( glucagon,
GLA) B YIAHIC , 3 6 U R 15 K R e A 4 Jr 1
AR H 2552 2N E AL, 2016 4F 36 [F B PR 9% U 2
( ADA ) F5 bl PR 12 W 3 2 0L 25 i 1 B (FPG) |
FUR 75 ¢ A5k 56 (75 ¢ OGTT) 2 /Nt ifi b
(2hPG) DL K B 4k 1ML 21 5 1 ( hemoglobin Alc,
HbAlc) , i T ENA K HbAle KFEAEMEE ST A
[ NHE AN RIS B 112 W U 5 A 380 55 77 T 47
FETER 2403, BRI T HbAle 76 E NI T2 I
AT fH HbAle RMERESE 3 4~ H 2647 i b i sk
S, 5500 R A 18 R T RO S R VIAL T i
HbAlc ZAKF-5H PRI B 3K C K GLA /K1Y
KRIWIEENED . AW T2 HFET T 2 AU
FRY% % ANF K19 HbA e 5% C ik .GLA 254k,
FISCR TR 6 5 2 RO R R E RS o B
HIIRERI SR,

1 SRS 5k

1.1 #rZEx & [BEHE ST 2016 4F 1 H & 2017
4E 7 AYER T — A R EE B N i RHME BEsti2 1Y
467 15 2 RUBE RS B8 AT G R 5L, A AR IE . 75 &
2007 AEHE 2 BB R B i6 48 B 2 Wb i B R v
FEAR + 25 M I FE =7 mmol/L ( BB AL ML BE = 11.1
mmol/L, BH A FE UM S 2 h A =11.1 mmol/L) ,
HEBRBRAE : 1 BUBE R s B8 e M I & i Qb R s
FAE R FHBE A RS R 1B 1 Bk s A I T E R

type 2 diabetes ; hemoglobin Alc;islet a-cell;islet B-cell

YIRS R I SR T AR
FR 03 =01 <5 7 o | = N P | ==X P |
et FDWE Bz 00 2R A5 5 i i B U 20 AR HbAle 7K
Sk 3 4 B HbAle < 7% 4 (fik HbAle 4H) 117
$1.7.0% <HbA1c<9.0% 4 ( 1 HbAlc 41) 149 fi
HbA1¢=9.0%4H (= HbAlc 2H)201 i,
1.2 WHRAZE FitZXEN S & ARE
Pk, A 12 h JEBGEIK I, 4 A 3h A1k o A
( H 37 7600) M FEF ThAE g R R | k% . Bk
M2T & F 43 B A% ( 36 [E BIO-RAD10) £ ) HbAlc
(HPLC %) . JHITEAS (SN-697y) &l GLA, fifi
F APVIA Centanv xp fill C Ik ( EEb22 R0 o
1775 g OGTT Hif 1 R A5 IR & 28 K i &2 254 WA 591 -
ARE 12 h, A s i K FURRR 75 ¢ AR 30,
60,120,180 min J5 AYIMLKE (GLU) \C IKFT GLA, X
IR —H 5 GLU 5 GLA A H{E (GLU/GLA) %7 1E
iR MR GLA VR . P4 45 2H 4% i [8] 5 C
JIH 26 R T AR (AUC ) . GLU/GLA i £ i A1
(AUC yain) PR AL HZE T T A2 (area under the
curve , AUC) TTE A,

AUC = 15X = BEAE+30% (30 min /&+180 min 1)

+45%60 min /A+60x120 min &

1.3 SitESH R SPSS 17.0 BAb gk 183 2#
Mo IEAA A B TE R LI B AR 22 (x£s)
Fn ARIER 3 A0 B T TRk LA A A7 250 (1Y 4347 (]
FE) [M(QL, Qu) | /R ; &5 AL LR L R Ty
T, L a] FE R FE o« K 5 22 21 B3 RO R R
F XA 56 5 K FH] Pearson 72 1 Z2 S04k 4 0] 05 43 #fr ik
TR R AR SR 00T, LA P<0.05 HERA S
-8

2 & R

21 —REBBLLE 3 AN AE R =T
Hl M08 B A s R e gE i L (P>0.05) ,3
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(LDL-C) 0Tt Wl PR e B (] 8 A0 S 4 | 25 57
HEit 45 X (P<0.05), W& HbAle WiZ 4 T+
151, e % FE BE 25 11 JIH [ 5 ( HDL-C) | JRERIZ A0 T B,
L RA G2 L (P<0.05) , 1 HbAlc ZH ISR
JE &7k B BMI 34 75 TIK HbAle 4H f = HbAlc
M, E=ZFA52EE X (P<0.05), g1,

22 FHEK OGIT E&BTE & C A& GLU/GLA
BeB Bl HbAle WZ LT, 2 E & OGTT J5 4%
B C IR B P, 2R AR E
X (P<0.05) , £ H¥F IR 75 ¢ @AM 120 min
ik, BE HbAle B9 THE, b HbAle 415

#1 7F HbAlc kT 2 BUERMFBE—RAR LR

= HbAle 21251 & OGTT J& 30 min A GLU/GLA
B P AER TG EE L (P>0.05) , HAa 4%
045 HA] A5 A GLU/GLA £ %4 ETHa# 2 7R
HGit #4225 (P<0.05) & AT OR 75 g %k
J& 120 min iAE 6, W3R 2,

23 AUCu B AUCqaa LB 3 41 AUC,
B AUC gy 60 28 fb 5 45 1F 18] 45 C K &% GLU/GLA
AR A ) M — 2, BE 2 HbALe (932 4 T,
TR, 2R A SR L (P ¥<0.05),
W3R 3,

E| ik HbAlc 4 (n=117) th HbAlc 4l (n=149) = HbAlc #(n=201) P1iH
B/ (n) 53/64 83/66 112/89 0.1480
i (4) 51.74+15.94 53.85+13.19 55.23+15.08 0.1272
REFEH (kg/m?) 25.0+3.80 26.01+3.93 24.53+3.16 0.0085
W46 i (mmHg) 130.50+16.65 135.91+18.18 132.65+15.49 0.0284
#75K & (mmHg) 75.97+9.97 79.44£10.57 78.95+10.77 0.0167
=Bt H ¥ (mmol/L) 1.59(1.02, 2.61) 1.84(1.18, 2.97) 1.71(1.05, 2.66) 0.0705
S B (mmol /1) 4.28(3.81, 5.03) 4.68(4.06, 5.47) 4.64(3.73, 5.20) 0.0099
LDL-C( mmol/L) 2.22(1.94, 2.78) 2.54(1.96, 3.21) 2.56(1.91, 2.99) 0.0296
HDL-C( mmol/L) 1.14(0.91, 1.35) 1.05(0.89, 1.25) 0.98(0.82, 1.17) 0.0022
JRIZ (mmol/L) 313.50(235.50, 395.00) 297.00(251.00, 351.00) 276.50(220.50, 328.50) 0.0019
MLLEH (/L) 141.1+13.2 139.6+15.2 143.7£14.5 0.7531
R (4F) 4.01+5.87 4.81+5.72 6.22+6.58 0.0096

1 mmHg=0.133 kPa

R 2 7FFE HbAle /KFE 2 BIMERFEESER OGIT FE&RIEA C Bk .GLU/GLA BIEEE[M(QL,Qu) ]

Wi H i HbAlc 4 (n=117) 1 HbAlc 4 (n=149) i HbAlc 4 (n=201)
C ik (ng/mL)
] 1.59 (1.13, 2.15) 1.29 (0.73,1.86) * 0.60(0.37, 1.09) **
30 min 3.83(2.61,5.51) 2.10(1.32, 3.01) * 1.02(0.59, 1.68) **
60 min 5.93(3.94, 7.59) 3.40(2.17, 4.77) * 1.55(0.93, 2.79) **
120 min 6.56(5.02, 9.32) 4.58 (2.96, 6.22) * 2.45(1.45,3.77) **
180 min 4.69 (3.05, 6.46) 3.87 (2.48, 5.67) * 2.41(1.48,3.56) **
GLU/GLA ( mmol/ng)
| 0.043 (0.030,0.058) 0.048(0.037,0.069) * 0.051(0.036,0.075) *
30 min 0.080(0.055,0.107) 0.091(0.071,0.120) * 0.098(0.075,0.134) *
60 min 0.103(0.072,0.136) 0.123(0.098,0.178) * 0.143(0.108,0.188) **
120 min 0.105(0.067,0.144) 0.146(0.102,0.209) * 0.181(0.138,0.246) **
180 min 0.072(0.046,0.108) 0.110(0.072,0.155) * 0.158(0.112,0.229) **

5k HbAlc 4 L%, * P<0.05; 5 HbAlc 40 ILAE, #P<0.05

*& 3 A[E HbAlc 7kF 2 BIERFEE AUC 5 & AUC;, /6. FIEEE[M(QL,Qu) ]

iH & HbAlc 4 (n=117) 1 HbAlc 21 (n=149) = HbAlc 41 (n=201)
AUC¢ 960.30 (726.75,1259.85) 636.90(437.55,860.70) * 332.10(214.65,524.10) **
AUCqLu/61a 16.61(12.47,22.14) 20.99(16.51,29.32) * 25.61(20.29,35.87) **

AUC i : C BRI R AR ; AUC 61 : GLU/GLA ik T IR
51K HbAlc ZH %L, * P<0.05; 5 HbAlc 4 H%L, #P<0.05
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2.4 HbAlc 5 AUC,y JAUC, y ox FITHE D 7
Pearson tH 23 M1 45 R 78, HbAle 5 AUCcM:%ﬁI
A (r=-0.6093,P<0.05) ,HbAlc 5 AUC 00 5
IEMIZE(r=0.3679, P<0.05) , WLIE 1, Ph AUC
AUC ;010 <BMIIMLE B IHE L LDL-C HDL-C | JR
MR ey A 7255, DL HbAle NIRRT LT
B I G387, 45 4278 HbAle 15 AUC, 5 AR
X[ B(SE)=-0.0031(0.0002) , P <0.05] ,HbAlc 5
AUC i on 2R IEMSE[ B(SE) = 0.0359(0.0057) , P <
0.05],

r=-0.6093
r=0.3679

.
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a: CJIKMZ FEA ;b: GLU/GLA 4 F A
B1 2B #ERFEE HAlc 5 C K& TEF.GLU/
GLA #iZ TERHHE X

25 AUC. x5 AUC, IR MES T #E—2
4 AUC, S AUC ;10 17 Pearson AH G 73 B 45 5L ik
IR, AUC 5 AUC 0 22 TR G (1= -0.3230, P<
0.05) , UL 2, LA AUC,y \HbAle BMI  Ifil % | S JIH [
f£ LDL-C, HDL-C, JR 2. % F2 /E b A 22 &, VU
AUC. g o MRS I HEAT 225038 40 M 50 T, 25 SR 4
7N AUC 5 AUC o0 2 TAAH G B(SE) = -0.0133
(0.0023) , P <0.05], #2144 AUC, 10 %555 VEH
SRR AR B AR 2EHUR] B(SE)=-2.0558(0.3315) ,
P <0.05],#&/RbEE AUC T R 10%, AUC /614
Tt 2.0558 (BME) , T AUC o0 FIIME R 26.5, B
AUC, . B F I 10% ,AUC o1 LT 7.8%,

100 r=-0.3230

GLU/GLA R £ T i M

T T e
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.k T T u
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CJEk il £& °F T A1

B2 28MERKESE C KL TERS GLU/GLA #i%
TEARMEXE

HbAlc J& Il 186 1 52 45 6 kARl 3l i
B (A VA a7/ IS K7 5 i e e [ EA R A = ]
AR, v Rt 2 3~ 4 A A A9 R K, R
ZRE B sh KR SN R B
2002 43 FE BRI 725 (ADA) B0 HbATe 1 45
il ARG« 438857 . A\ 2010 4E2, ADA ¥ HbAlc
=6.5%VEAEIRI ISR fEZ —, ABF9E R 3
EAE 28 [ A Y L N EA R A S I |
B4it:2 5% {2 HbAlc 5 HDL-C ,LDL-C )41
%, bt HbAlce F 4 THE , HDL-C 2 M &4 T, LDL-
C ZATHE 3 2 MG #2257 (P<0.05) , 5
& [ HT WS PEE IR 5T (UKPDS) #5881 HbAlc
HDL-C \LDL-C 54 JR s K IfiL 48 I e %% VI AH G
MFFA . AWFIEIRMELEIBE HbAle /K- T,
PRIR BB A FRERAS, 3 AR Z R A G E X
(P<0.05) , HATREAAILEI A, B 2 RUBE R i
Sy JE 5 2R HRATT B W At v R] 7 0 1) - T A B B
B (A5 R IR P~ A= 38 2 (HL s IR 5 35000 198385 TR
T v e o 3 o PR i Ao R HE 3 22 | R
3 ity B /NS X PR T P L TR A R A PR g 14 22 T [
%, (A5 0l R TR AR

JEE S 2 B PR R o BN B 4E A ZH AR, o
YA GLA, B FHREBIVE R, B 4 i 20 1k 1 15
FHATREREVE I ML (0 40 A A8 I8 4 el i 2 4
W25 58 i, B A B e o8 48 3000 « XU R
A IO R A OB 3R AR A e AR T
TR, B TS o AR B 40 ) A ek s,
IR ARSUE (1) GLA 5 188 5% 3R 1) Bb o 28 AT
EXE= 1R

GLA JE“BUK R " 2= Ui oA R 2 i £ 225t
B E RN GLA 7848 )5 30 min BS T, 1M J5 &
Wi P, 2 180 min MK F45 HEKF"' . GLA &l
AR PR A 2R E™ B A e IR A X
JE S o AMATREERTE B o 0 P A T AL T X i A
TC RN RS 45 5 T2 G M) GLA 43 WA 1 fig
AHFEAFE FH GLU/GLA H7 1E i MU GLA B4 il
FHFRVEM S o HREDIRE .,

VMR Sk R B R R MR R R
B2 C BROK I B2 PP R B Al iR 5 R
SRR EE ik, SR EM G B 4G
BILHTAR , 20 T o3 M R R . C KI5
B 2L 30 ), R B R AT — L[] A A -
SRR, — 0T RS R EAERRAERT,
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B4 — o TR E A — 0T C Ik, BEiE
e CORRINEE  Z R AR 3 M L (E C KA T 45
B, e R, EASZAR N = A R E bt
PRANSMEME IR S R AT ABEE R Im 2K C K
IR R R S Wl & B AT EE,3 h N C ik
(TR A A =N N ) 7/ =1

AWFFE LRI BE HbA e BT, 3 Z4H 451t
MG KR C kM MR A S22 2 5 (P<
0.05), H HbAlec 5 AUC, , 2 A3 (r=-0.6093,
P<0.05),3 41 HbAlc 5 GLU/GLA % AUC .0
WA S22 57 (P<0.05) , R IEA I (r=0.3679, P<
0.05) , HZ It [l 3 73§ 75 52 30 AR [ 45 5, AL AT
A HbA 1c Bifi IR AR B2 A% P v T s, X T R
SRR, 23 W s SR S I E X HbAle 345 52
Wi, BTSN IR GLA/ R 5% 252815 23 I ifUp 7K
A BRI R B S R A4 W80 F GLA 1 5
B AU, 23 WU R BH S R I
45 30 min B R ACEIVE TS 5~ 10 £, AT
T GLA S22 i o] S BUHBET Tk GLA/
[ 52 W R B, AT 4EFEIE H RS, X T 2 AU
PRIV R H TS R 55— I AH 23 W Uk 55 , R I 24
Th 2~3 %, I H GLA B0, S50 GLA S5
[T WA, GLA/ R 1% 25 v, DT e 45 /5 b P Sk
oo a8 SR IS WS 9 T v S 354 R Bk B ] dnd
T v S2 HbA e FHE,

AT LI AUC 1,00 I ETFHE AUC B TR
HAMNE(r=-0.3230,P<0.05) , H EAK MR T B
AUCqy (RIS &5 B 4l M Dh fg) & T K 10%,
AUC ;014 ( B i o A TN6E) FHis 7.8%, ol
RERIMILTR Ay 2 AUBE RS £ 4 SR I R &R
HRBU A 200 W B A X SR XN A2, o 40 3R T
INETEIR B RACH, WA T B S R WEAT
HEA o 0 AR = A fe B, NI ] GLA 95306,
{OAAAE I 5 AR , 2 A oo 201 L ) 260 AN i
AR RERD, A REA AN H o 40 M5 W GLA ; M
GLA 7Ky T, 2 — 20 B 4t B 4 W e 1% 2=
KU LA, B A A B Al K DI RE 5 A0 v

ARG R ZAL B 5, A SIS FE AR 3
R ZEP B~ N = % N S = s S 570 i
WS A AE — 8 A R BR A 5 LR AR 5T S 3 28R
AEBE B DU — | X0 KR PR A (i
HYNRTT A PR AT R T — R PR

LR LR By o AT B 20D S0 0 4 1 1 3R
I GLA & [R] 52wy 25 4 9 8 4 8 i) 1038, 55 HbALe
YIRS, PRI RO R AR AT PR S A R T M 42
AR, WD PR A8 1R I A ) S A A i
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