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[ E]BR.BETERERE (body mass index, BMI) , BT 8 1 Z 55t (insulin resistance, IR) X 5 B4 W24 (impaired in—
sulin secretion, IIS) 1 2 BUEFRHR (type 2 diabetes mellitus, T2DM) BIRZBHIFER, Fik: M 5 FEHBAFIBF5 LG AR & T2DM
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KEH BMI 2 58— 3450 . EH . A S(isolated 11S,i-11S) , R # IR (isolated IR, i-IR) AR 1IS 1 IR(HS plus IR,
NS+IR) ABE, 455 .BMI<23.0 i, i-TIS F1 IS+IR ABEAR T2DM XU B B 5 TIE ¥ A, F XK b (hazard ratios, HRs ) & 95%
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Association between body mass index and the incidence

of type 2 diabetes mellitus
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[ Abstract JObjectives ; To study the effects of impaired insulin secretion (IIS) and insulin resistance (IR) on the incidence of type 2
diabetes mellitus(T2DM) in Chinese people with different body mass indexes(BMI). Methods . This five—year cohort study recruited
2 857 participants without diabetes at baseline. Participants were stratified according to BMI(<23.0,23.0-24.9,and =25) ,and then
participants in each BMI group were divided into four classes:normal;isolated IIS(i-IIS);isolated IR(i~IR);and 1S plus IR based on
nsulinogenic index and homeostasis model of IR values. Results: The risk of developing T2DM was higher in i-IIS(HRs=6.21,95%
CI=3.44 t0 9.75) and IIS plus IR (HRs=8.01,95%CI=2.85 to 25.34) groups than in patients with BMI<23.0in normal group. The risk
was higher in i-1IS(HRs=8.50,95%C1=3.91 to 19.67 ;HRs=15.58,95%CI=5.44 t0 44.73) ,IR(HRs=3.16,95%CI=1.13 to 8.43;HRs=
7.78,95%CI=2.56 to 22.41) and IIS plus IR(HRs=20.31,95%CI=8.74 to 53.28 ;HRs=23.25,95%CI=8.47 to 74.68) groups than in pa
tients with BMI 23.0-24.9 and BMi=25.0 in normal group. The correlation between BMI and the incidence of 1IS was negative,and
that with IR was positive. Conclusion ;Individuals with normal BMI may develop T2DM mainly through IIS, whereas individuals with
high BMI may develop T2DM primarily through IR.
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S AR 2 BIMEFR IR (type 2 diabetes mellitus,
T2DM) #) S8 SR B A3 0, A AR B R R Z A X
MR EN, BAh, BEREE LS B0 S R HEH (insulin
resistance, IR) , 3X 2 T2DM % B 4= B ] 59—
FEFED, REWMM, AR ES AR R
HEER T2DM,, A SCHRIRGE , M FIREIN A BRI INR
NFE, WINBE IR N BE 84 2 1 i 46 X (body mass
index, BMI) Z Bf B4R 8 , H. I 4% IE % A9 A F1 T2DM
B Z [ BMI M2 B BE/N, B, Lee 4R B
BMI K FE IR AR T X EARE T2DMA
MERER, T H, B SSCRRIGE T2DM KRR R
WRERBMWIN AT B BER NS, B, By
R REBE B T YN A BE R T2DM B XS N & BB A 26
B,

BT IR, 515 B W 32 (impaired insulin se—
cretion, IIS) /2 T2DM fRERA: YL A — A FE 5
., FRER, X FIEWMARBMEA, EWAXT
JR S AU & (B S R R S X H AE RRL
TEPCEMRD, T H, B RRS W RERRHA T
ok BB E H B AR EEARD, G ARAE R A
B T2DM BRI INTFT R 5 5 R W o W EkE
HARRAE R, 1B HETHERZAE K SCERET BMI
Xt IR LK TIS il T2DM KR FZE R RHIRME , 5
e, AR I AR AR o B BN X R 5 w247
W,

1 #E5FE

1.1 #AEE

BEP AN T . OF TR ERA T2DM %
5 ; @z i 1M1 4 (fasting plasma glucose, FPG) ¥ B /N F 7.0
mmol/L; Q&5 2 h IR E /M 11.1 mmol/L, AKBFET
2009 4% 5 A B 2014 4F 12 B Z (8], 78 5 K b X R AL H RE
3 846 ZHEA, HARR AT 32-71 H 2], FEXEAH 3312
ANTESABIBHMER A B T2DM, 763X 3312 At ,2 857 AT
WEERMELERZT 1 KEIFREE, Hit, REHA
2 857 A#THIER AT, AIRBRE T EMES 5EWAE

HESE,
1.2 WEF %

=120 G, RS 5E T 75 ¢ D IREEET ERR
(oral glucose tolerance test, OGTT), 235l T35 0,30.60,
120 min 47 MLAE R4 , M4 | 75 % B IR & B (high—density
lipoprotein, HDL) AR [ BE A2 B A & 1 (low—density lipopro—
tein, LDL) AH [5 B v BE 0 2 17 FH B 7 35, 348 0 1 30 min
i FHAL 2 & YR S RE TR AT IE R B RIR B E

F HFa S A (homeostasis model assessment—estimated,
HOMA ) PEfiti IR, HOMA-IR FRTEFEWT « (S5 ¥ mmol/
L) x ZE BB B R [WU/mL))/22.58, TSRE K TF 1.6, A B HF
£ 1R, RABES R4 RIEEORE IS, HEHF BT . (5 30
min B M7 5% 5 F ([pmol/L1-Z5 1 & &% F (pmol/L] )/ (58 30 min
f IUBE [mmol/L]-23 i M B [mmol/L))8 , I SRE/NF%F 517
pmol/mmol( wWU/mg) , MIAAFFAE 11S,

1.3 RE54a

a1 AR S HAAR R, BML 4T 58 BR LUK R
BHET . Wi BMI IS 5% 400 3 BAH frESEWHO
HIE TR 5 12359 BMI /DT 23.0,%8 2 2535 BMI 4+
F 23.0~24.9 Z 8], 5 3 30 BMI A T4T 25, RE , AREM
ERE LIRS, 84 BMI B 5 55— MR 4 (K1),
1.4 %RAEMIF

T2DM KWK A 1999 4F-HilE 89 WHO R, BiZs i i
PRERTET 7.0 mmol/L BiEES 2 h MBIRE R T
F 11.1 mmol/L; X F RIS 5K BE EARZ T2DM Ziyis
SFHATICW, PG 2 857 £ H5EHAT 1 £ 1 RWHED, B
WSk T2DM BB, |5 1 KBETMERIER
SHENBRAGER, FUTEHETE(3.01 £ 1414,

/5 min WARKEE, /B 3 K& %,
BEN, HEMIDRB 5 EHAN DG HFE B RKEEM
AT, WEPRBERIUT 3 28 RRAE, BRAAFIRAE,, 1Kk
TEARBUENLAF 3 28 ARIE (B/RIEMZ BRI, E30R
BIARUT 3 K . REsh BREFREEED,

1.5 #%hito#

SR RGEiH 4Bkt SPSS 19.0 TS H 2245, TR BT
BRI+ PR (5 =5 ) B, IR RHE A LR
TN 4 BMI 2 A Y BL2R 22 R R B 2000 i iT 58
BRI I s B AR TE A5 20 O35 S RIS R FHIES
K ER T s S BRI R R BT, SR Spearman
AR EHT BMI 5 1S K IR #364E, SRAT Cox HoBI RS

F1 SEABMISSEMI N 4 AR
Tab.1 Four kinds of participants in each BMI group

EELA E¥

i-IR IIS+IR

R E R
HOMA-IR <16

>51.7 pmol/mmol

<51.7 pmol/mmol

>51.7 pmol/mmol =<51.7 pmol/mmol

>1.6 >1.6

¥ :i-11S, isolated IIS, H A 11S;i-IR, isolated IR, H A IR; [IS+IR, FIBFF7E IS 1 IR
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BT R4 18 BML A i-1IS.i-IR A1 [IS+IR A&
T2DM &9 KBS b (hazard ratios, HRs) 1 95% B 15 [X. [6] (confi-
dence interval, CI) , H X SR BH TS FIERIR IE . k30K HE
a=0.05,
2 & B

BB T 2009 F 2014 ££, 3T 2014 = 2015 5Fif47
BRI . S5EWEELN 57.6 5, F15 BMI 2 24.0,

#2FUHT & BMIAS SEMBERION . AR 2 HALIE
i, FEE BMI B, O BEA RS B R an i, IR B BR 2
HAEERE, i =E i mbE S fetr iz K, S50 A 1
W LAE HHEE BMI B30, IS ABZE#iE/, 290 BHRAE%
(X R =-0.45,P=0.032) ; TFEH BMI B30, IR A¥GE
B in, 28 @ IEAH2E (~=0.61,P=0.010),

i & 55T B 3.8 45, ZEREVIRTEIPY,
HEBR 1| BB PRIB AR BERIRIRLUR | A 226 85 58
W2 BA T2DM, K 24 AREN R IEEMEAAWIET

R2 FASSENBETR (xxs5,n,%)

Tab.2 Baseline characteristics of all participants{ x +s,n,% )

BMI
R <23.0 23.0~249 =250 e P
AR 1155 1027 675 - -
i 56.50 = 7.60 55.7+8.11 60.6 + 7.82 1357 0.751
R (Bi) 612/543 533/494 332/343 2.492 0.288
WERRREL, % 16.72 17.21 19.43 2.154 0.254
W48 (mmHg) 115.6 +13.51 120.3 + 12.84 124.5£13.13 74212 0.000
£F3K I (mmHg) 72.11 £ 7.89 74.75 + 8.64 76.77 £ 8.04 105.378 0.000
HDL(mmol/L) 1.58 +0.38 1.44 £0.40 1.36 + 0.39 258.152 0.000
LDL(mmol/L) 3.10£0.98 331:1.21 3.40+1.01 325.870 0.000
H il =E5 (mmol/L) 0.80 + 0.24 1.10 £ 0.20 130+0.21 95.364 0.000
FPG(mmol/L) 540+ 0.61 5.54+0.56 5.63 +0.58 185.376 0.000
30-m FPG(mmol/L) 831145 8.65+1.50 8.90 + 1.46 206.384 0.000
60-m FPG(mmol/L) 7.81£2.34 823 +241 8741237 192.644 0.000
120-m FPG (mmol/L) 6.37+1.85 6.72+1.76 6.96 + 1.81 147.332 0.000
SRS E (pmol/L) 24.7+2.31 35.60+2.26 49.70 +2.03 85.652 0.000
30-m /%% (pmol/L) 250.6 + 16.51 302.0+ 15.70 375.30 £ 18.70 275.164 0.000
J5R 5% 53X (pmol/mmol ) 66.70 + 50.32 72.10 + 45.61 85.10 + 54.32 166.229 0.000
HOMA-IR 0.82 + 0.05 1.24 £ 0.04 1.77 £ 0.04 301.876 0.000
HER (%) 14.3 154 139 0.845 0.655
NI ABRH (%) 45.9/17.8/36.3 45.3/18.8/35.9 46.1/20.5/33.5 2.790 0.594
RUBIRIGHE KT (%) 38.6/41.3/20.1 35.3/42.2/22.4 39.5/41.3/19.2 4911 0.297
THBIRIEH B (%) 48.9/30.7/20.4 47.0/32.3/20.7 48.6/31.0/20.4 0.953 0.917
707 mm 118
mm IR

357

=1

<

0 ]
<18.9 19.0~ 200~ 21.0~ 220~ 230~ 240~ 250~ 260~ 270~ 280~ 29.0~ =300
BMI(kg/m?)
1- ISR IR 5BMIHXH
Fig.1 Percentages of participants who had impaired insulin secretion and insulin resistance according to BMI
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®£3 ETHEERSH T2DM ZEERHFE L
Tab.3 Hazard ratios for incidences of T2DM according to insulin status

BIRE  95%CI, P1H

%5 A HRs, 95%C1, P

4.24(2.31,7.25)
31.40(23.33,41.52) , P=0.004
5.52(0.64,12.75 ) ,P=0.243
48.26(10.57,108.31) , P=0.002

439(2.01,8.84)
46.08(33.49,62.17 ) , P=0.001
14.56(7.21,30.55 ) , P=0.006
110.27(51.67,172.94 ) , P=0.000

4,05(0.85,8.44)
71.14(47.90,96.37 ) , P=0.000
28.86(17.98,38.89 ) , P=0.002
102.8 (60.15,164.57 ) , P=0.000

BE%5)|

6.21(3.44, 9.75) ,P=0.012
1.10(0.25,4.72) ,P=0.336
8.01(2.85,25.34) , P=0.009

e =23

8.50(3.91,19.67 ) , P<0.003
3.16(1.13,8.43 ) ,P=0.0124
20.31(8.74,53.28 ) , P=0.001

BHAH|

15.58(5.44,44.73) ,P=0.011
7.78(2.56,22.41 ) ,P=0.0201
23.25(8.47,74.68 ) , P=0.002

A BEE(n) T2DMA$ (n)
BMI<23.0
EBA 664 12
i-IIS 406 48
i~IR 64 1
IS+IR 21 3
BMI:23.0~24.9
E#HA 506 9
i-IIS 311 54
i-IR 165 10
IIS+IR 45 17
BMI=25.0
E#EA 255 3
i-IIS 122 29
i-IR 257 26
TIS+IR - 41 14
T:a,1000 A/4E
40 - BMI < 23.0
30 -
=
& 20 -
<
10

BMI:23.0~24.9

BMI=25.0

E¥EA i-IIS i-IR [US+IR E#FA i-IIS i-IR IIS+IR IE#F A i-IIS i-IR IIS+IR

2 2-DM AMEBREANBZMMESLL
Fig.2 Percentage of 2-DM in the different populations

T2DM HATHILH, 202 \JiEiT OGTT #H17Hi2 K, & 3 5
(S T2DM 1 000 A/E4ARH) &7 36 BORE TE MBI 4R 1% %
WEFREBRRARNE L, B 2 RRAF BMI 2 H,2-DM
ABERBABLBNE ST, BB, A TERA,
TEBMI<23.0 B9 ABE P ,i-11S #0 TIS+IR A B & 4 T2DM X,
R TE 7 ; T 7E BMI=23.0~24.9 F1 BMI=25.0 AB# ,i-T1S.i-IR
A IS+IR ABER A T2DM MR R S RIAZ R E
M), XL BRI SRR R IE S R E R BB KEAREE
BB BAR X

3 3 i
R, REARMEREBREEZTDE

s, Horp—A~ R R BB 5 B,
5 BRI, WA B RE R XS LA B T

1.6, [, A= & 7R Ak Hb IX B 0 N A BF B A PR 1Y
IR . B 1 [ M X A AR, R sR TR ISR
BTN A BRI XIS R &, A5 E A
AKFE A AR BAFIAR ST, 438 BMI X 11S KIR
1 T2DM RAERZRIXRKFMW, HREGRER,
BMI<23.0 A ABEH i-1IS #1 IIS+IR & T2DM & 4
1 R B8 2 ; BMI 4T 23.0~24.9 1 =25.0 BB
NEEP B& T i-1IS F IIS+IR 4b,i-TR L2 HAEK R
%, MHEARE R BML 5 1IS R EREFAE
X,M5 IR WRERBIEMX, LRERIAZE
BRI ERNEZ MR, XEERRE BMI<23.0
AR EATEEE 1IS £ F T2DM, i BMI1=23.0 fj A
BENEATHERE IR & - T2DM, AR 4S5 E b
RAURR TR R E5e AL,
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AR ER, AGRRRRNISHBESERE
MRARA 25K M X T BMI<23.0 AR AR BRE
NS FE KRR, FEURSRSWEBLH L
B R B, 852 B AHE R
AW B 4ifa-, KERBEETAEBAZ
RENERFRRE T, TRESE BRI R F
1 T2DM B E RN BB ER AR BN p 4K
Bith ., APRMIE , REAE b E % (025 I R
AR AN BT B AMRAET, A6 KR
BRRBHEEANR T2DM HEGAFHERIAE
B, B, BEEER K, B RS WK PR
A, JoHEHRLEE BMI<23.0 B A [ REA B A 1S,

*tF BMI AT 23.0~24.9 F1 BMI=25.0 B ABE,
i-IR 5HEZRH T2DM AEBERNXR, JEREA IR
ZER X RO FEMHRSCRIRED, KHRERN, 5
BMI<230 W ABEA LG BMIZ 230 W AR EE ER
B IR A2 Hih = E A K-, LA B HDL
FE [ B K | i SRR IR B AE FIARAE . BRI, T
DA FE AT B3 , 76 BMI=23.0 FIFE7E IR B3R
E AR, T2DM B &R 2R A v BN,

B R B R IAE WA B R A B 2 TR 7
BRI KRNI, SR, AR BAE—SRREZ
kb (1)EF 75 g OGTT HHEES R4 IH IR, A
AR HRERIERITRED
ST PR AR FTATHEARAR , Wi LA R
BREHARBIRERN T RAITEMNE, (25K
R — AIREAA AR ARG . (3) B FEIEH R
PRZ2 BRI B T2DM B XU 7T BB IRA, , BB N
FFEX IS # IR & 75 g OGTT HIME T 11Kk, (4)
ToHHEBR 2R B X AT ST S R R

B2, AR EFEHE,BMI<23.0 MAREE
R 1IS T B4 T2DM, Tii BMI /T 23.0~24.9 ZJA]
 BMI=25.0 M ABEFERHE IR W HBA T2DM, B
FHERYLEATEF BMI A X R, Hitk, 25K E
18 X4 00 T B M X B A [R] B T2DM W 24 2
BEEM,
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