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8 9 Bl A2 Glycemic Index #f3E&i%, 2010 £7 A4 RICHHELY BV EEEARE2LR L
LCRfEEShE Lz, SEIXN2 304528254« D HELX2THEE L,

BRI, EEOBEEOPLTCh I HEREEIER O LA ICSH CHEL Z L2831
FELE, 2009FDESEKTH., KEIZEVEBSZXTEY ELAER, KIZRFBIZM@M->THE
ERBAVWEBRLE LR, BN HEEOTEELZEIT T, BRELE L, nEHEE2 LTF#WE
GIRLWHIZLYZ AN BHEOLDOEHIBLELLILWHIZLTY, 20094D8AH
DRITEINTEFRBR & OXEE ROBERA. TRARDOITITBEHN?H 3 —RAREIETHEH
BRE—] k. KERBEICRVELE, T0%b, ZhICETITEELHEEHBREVEL
Too TOEBEROBED O EEREOFERBIER~DOISADRRICOVWT, HEHEHEEZZ L
i, L > TH, BMBOZL DF 4 XHIETOHRERF-> TRITIEDEZ L LBVET,
FISENWTHETLE, £ RSB OA VT, [EG | B LEEHIBEDOE VDT HREE
ORFFEOTEE) LOBERELHW I EHELWRY TLE,

BERHEOEEREELESHEEDB AN LY, MRIRFILTHEXFDIEFEZEXD I LI
Y, ARMEEO LREZIMHIL 55 LV IIRKENIHAETLE, b —2>DHEBFHERREOLN
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BOBERIZHONTHERHEIC2Y, BREHD DNA Fv 7 AW ERLENFIZIRO H 5 R
FEEOERBICHERINELE,

6EN—RBEELEE THY ., bRETORROEERBECFRLTWEZLOREMIFH
RESBELNELE, 20X RBAANCLZAFRRTOBRRGOEESOBEHT—FDEDH
ROIEBMI T, EHREOKERBEO—-OLBBHELTEY T, LT LLENROS ST
TR, DEF, LObREE TR, THEREOFTH, A—0RMEZEEEHTS L 5
R LB TERR AL R TE SO TREBLEENS LA TLL I,

KE, 21022 ET, SHRELOEEDOIBM, THRIHFRLET,
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9—1) RZ F—PREHBPERL—T I —XI2LBEDY FI—NVHEREOER

R B ChERLIENRS4 HEuEERER)
Hi #F ( " Y )

[(BW] L-77 €/ —RVMRR 7 F—EDORERIL LTHE, X7 a—AEREFOMEHE LR
2T 5, TOREHBBIEIAERBAETHIN, Jhul, BRBEELZETIRIC o 58
REH (BS) BAKICOIHEE L TERRSZAET I LOTHSD, OB HRS DOHERIE
BAIEE (BIS) HAEKIEH, ES BABOFEEGRSHEOHE —BRL DT Lh b, BEROE
HEENLIZHE ST AR EAIC R TEEROBIMIS L THABMROBETE5I&EZ Liz< »
LORERDH D, ZOHEND, L-7 T ) —ADOREHRAEREICDR 3 FEERE L b
7eDT, TOFE Ty b FTRELE,

[FeE] (B2 BRMIBIML L 16 RERILL LG/ U7 TEERSDEET » MZL-7 T ¥ ) —R 125mg
+R7u—R2.5g/kEkg, ERIIL-TITE /) —R 125mg/fEE kg L7225k 5T OLE Lz,
#5 1, 2, 4, 6 FFRERICERARIRORM L, F - /NG - B - KEBZABEDAHRVERICHE
FRLUTHHLE, 8- /MG -8B - KBFOL-75 /) —XBERA A Xfikls s < v /5
T4 —THH LIz, [k FRR] BEE214IC. L-T5E/—R 1g+R7a—R 40g i, A
7 0 —ADHDOYEK 120mg I L, 1543, 30436043, 90 4. 120 HHEDMEHEDE(L 2 S
MFHERIERR CIREELRET S &30z, 120 HETERMOMEEHECR - FE2HRLE, 2
WT, FATR (TAES 900g, A7 u—X 40g f8Y) Z2BA L. FURIC 120 £F CoOMEEED
BILEFART, ZRBRIIFTTINT FA4 VR, 70 RF—N"—T{Fo7=,

(ER] (BR8] 7+ L-7TI &/ —ADENBETIE, X7 o—RHERFET T, #HP
PNG, BB~ LTENRTWE, L-778 ) —RFROFESITBOTIHIFL ALY (3.5%) /MEH>
LRI EN2NZ EBFBNTVS "8, EBR~OHRARNBDRNZ Lhn, BNEEICELE
NieEBS RIS, A7 0—RRFERETIL, L-7 F €7 —XIBeonicith. /NBEATIL 45
F&THREBOERIHE LTV, EB~OMARIIFE/RETICHATT 5 LIEL ., EH~D
FAPERNTH Y ERBAMEEIC L > TEOEL MBI L2 L AR & his, [ & FRER)
b FERRIZBWTIL, L-7 78 —RBRIZ L - T, MEEAEEICHE L-75 v —X3EE
RFHZHAEIE, 15 SMUBHE ¢ 35. 8% 5 30 4y (il : 61. 3% ; Sk EFE : 63% ; B TE
B (AUC) = 7T%) L7z, L-7J &/ —RER 2 B, MEESERINCE >~ F 2R L TH
b, L7778 —REEERVHRERZBERLILLZA, L-75 ) —RZEFNER Lieh
DTERHTHA, AUC IIAEICHIS BB ~T-BI4. 30 430 69. 6% ; B -5 :
82. 8% ; AUC73%) Xhi-,

ERRIL-7 F ¥ ) —R IR 7 u—XDOFEET THEONICBE) L. /NENIC S+ 3710,
FEIRHERORET Ciile<, B8 2 BHRICHICB o7 R 7 0 —XZ L THLHREMEL, M
WEEMET 22 ET 5,

1) Seri, K., et al., Metabolism 45, ppl368, 1996.
2



£L8z2 FE22%£12 BETE

9—1) R F—PREFRERL -7 7 —Xck B8l FI—AEEROER

BB W CrBmTIEEAHt DR
HIl #F ( " " )

(B8] L-7 I €/ —RVNBR Y F—EOMEAL LTHIE., A7 u—REBRROMEED LAZ
P 5, RS - CT MDEL BREFETHED LB, FEHEITH D, FiREFEEFL B
RBEEZHET BT OL 2BEH EERLEEOHEARE) L TOHBETED, Tiud, #
IZE 5 LEER L B OB AR HRARTTEE TE RN LIZ220T, BER L EHOBREENSH
RRTVEESE, O W RERENRSORIBIL, FEFTEERIC L - TR LB RRITIIRY, ZO8R
BWHG, BHERZMER SR THEESh TRIUL, FEERIREHES L TS RN H 5. €
=T, L-7 5 € —ADBRESHRICT VT, AY n—RTHE T CO/NBNTORE & SRR OFRE
Ty belE bTHMToM

D] [BhpakEr] 2 BB L 16 RRECA B Ui 78R SDEEZ v MZ, L-77 &/ —X 125mg
+R7E—R 2 5g/thE kg, EITIXL-T I/ —2R 126mg/fhE kg 725 L HITROBE LI, HBE
1. 2. 4, 6 BEERICHERRIR DI L, B < /NG - BB - NN HRY TS LT
Ui, B /NG - BB - )R L-7 5 &) —RBEBRA A RHiklE s u~ N5 7 4 —THITL
Joo [t NERER] EEEE 21 &I, -7 T8/ —R g+ A7 B—R 40g /i, A7 B—2R 40g DHD
TR 120nL &5, 164%, 3046043, 904y, 120 4D IEEEDE L M S MFHERIERS Tl
AT LT, 120 SHMECERRIOMBHEIC R -5 RER L-tk, WATAR (TRFER 0, A7 R
—Z 40gHEM. -7 S —RESEP) BBoTHHY, R 120 2% COMEENE(LETREN
Tro ZRBRIIF TNTFA VK, 7B ARF——TToTl,

ER] [BRER] S5y b L-7 5 —AOENEIBIL, 27 a—XIHFET T, BTN
BB, BBA~LBTLTVE, L7 —AHEORECROTIHEEN LD (3.5%) /N bEIY
SN T LR B TND P38, BR~DFABRRDRNZ LMD IELALDL-TFE /=R (h
BRI AR LS SN, —F, X7 m—AE TR, EE~OMAR
P P TP LEVER SR, UL ER~DOHARSROITHS &, BRI
Lo TELENBENE D LHRISNT, NBITBNOTH, A7 a—A#FFTRL-T7E/—
RIHERHITHEN. 4 ReiE T IR EROBNHIVEE LTV Ve, /NETORBEIZOWT, 6RHRET
DETFERY -7 5 ) —ADOMEEORE L T3 &, I-7 T £/ —ADHTIHHT 100% &
120 | 1EE A LINETORENRED bIeho DR L, A7 0 —RIEFE T THIHERE-BDK 130%
Li20 ., 30%AVNEN TR L= Z L 2 HEESETS, ‘

(& FEER] b FRBRICHBVTCHL L-7 7 £/ —RERIC L - T, MhfEo LR»a8IcmE O -
TS —RIHERFHIATHEIE. 15 4 MEEE : 35. 8% ; 30 SLEEIE | 61. 3%) Xh D LILTEmIL
P EAAE (63%) . HIRTER 0% bEBICET U, L-7 78/ —REZBLA7B—RH, A7n1
— B L Y BIECI BRTH B L BTR LI, -7 5 £ —RBR 2 Rk, MFESFRINCR
STEERRELTHD, -7 S8 ) — R ERNERPE-oTHbok Z5, LT/ —2%

2@



ERNCEA Lo eRAT A~ MUSED LR GHIERHTH 2 8IA, 30 SyMubHE 69. 6%) . B
FRE (82.8%). BRI (73%) NERICET L, 2EIANTER LI L-7F £/ —ADMFEE
LRI RAMERR 2 R b AR TH B Z LRI ‘

(gl L-75 €/ —R IR 7 0 —RTHFMMT B2 L T, A7 n—RDCLEZETEED, L-77 ¢
) —RIIR Y 0 —ADIHET TROMNIBEI L. /NBPICERSIREE T 2720, RREIRLICA I 1
— AR LTI TS, A2 BlRICHcEo e A 7 u—RZx L THOHMREE L, MbfE
FHRI 50 K I AROREREET S, , |

1) Seri, K., et al., Metabolism 45, ppl368, 1996.
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(9—2) KRIARRORRMBEFEISEOHERZE

A ER (FFYHRREH A 2 I DR
EH OE (FSYHRSH  wERBERAL)
HE BT (F5YHRatt A 47 I DABEF)

Q=:5)|
BRAEBIVCEOFHEICENT, FURREOLEEO LANLKBZIILH LTI 0ERE
BOYVRI 777 F—LRBIENMONTVD, EZTEFETI, REMEES LHE, +
RbL7VEIvIA Ty 7R (GD) DEVWVEHOFANEREINTWS, BRADOERIIX
KTHHIN, —BUILBINTVEIXRRLHBXKIL, B GIRRICHEENS, LAL, *k0 Gl
HIERERCTRR2D LV MEINTWS, £, EERPO—OTH DI REITRYHEMH (8
INVANEBECESUCEGIAMELTHLATWS, BYARENBEHISEICRIETERTFL
LTk, ZOTASAMBR (TIe—RER), LPAF U bRZ—F (RS). RMHMER LR
BFonadn, FORFEAREMBESEICRESFLETINEITATHS, £EZTEHAET
X, BRAKXERRABOLBEE LA ICHEETHRTF (B7AA . TIa—R RS) LRE
MFEERZFICRETRRBICOVWTRF L,

(k]
—BHICAEENAKkELTave Y, BT Io—R% 3 KM, KE 13 KMIZOVWTE Y
WAY, TIa—AR, RS OEEETV., ERAFORNRLRDK 2 BE, KX 3 mEZRBIKL
Teo TRHDK, KEXZaAVEIVE LI TTLYFLELD, avbeh VITHERKER 7NV
HUERBMULEGLD (BINHEMK)ERBBTREL, RRE (—R&H=Y OREH 53.6 )
Lk, BERBRADOB NNy, TIu—R, RS BEISWHEP RO (K 1), BEFRRE
10 &I EERBREFZERLTH LW, 8% 2 EME COMMERELRIE L, I ERERT
mR» S Gl #koi,

K1 EHERRO7IO—A. RS, B7NH R
PI0-ZX RS BINAY

B (% of starch) C)] (a)
=T 7] - - -
asehy 21.20 0.02 <0.1
AYENJ+EPIO-AEKA 27.25 0.10 <0.1
aAYkeH)+EBPIA—-AKB 27.40 0.05 <0.1
AN KBEBITNVNY (49) 21.20 0.02 4.00
aeH)+KED 3245 0.34 134
IeH)+ KRG 13.60 0.06 3.30
eI+ KR 24.65 0.12 1.30




[#R]

aveAVBIRB IV EMED GLEIZRZENL T 118.1, 1205 &2V, BTV HUE
mc k5 mbEE ERAMRBRIIR b2 ok, £, 2 KEOET In—RKET VLU FL
=RBRRO GI fHix. £hEh 105.6, 953 Lok, —F, 7 Iv—R/FHRS KBORT
D GLiX67.2 LARICEVVEZRL, F7Io—XARBOERTHD GI i1 87.9, K7 Iu—
RGBT NI BEDORTHTILI.1 Ligol (K2), EbiZ, ThHLRRAED GIfEL RS
BICBWTHEWHEERRBD R, ¥ RSERX, 7TIv—XELbMEENRLNE, —F,
GL L BN BIZHBIZARLh R o7,

DI, AVEHVICHT IT—AKB LAED 2EEAL. BFORXLRASOE SRS
XOTAK, RER LTV FROGIHIZ54 &2V, aveh ) LEBLTHERICEVWEE
2ot

&2 HAMROGIE
BB Gl
ayeHy 118.1+2.3
IYEHY+EPSO-AHA 105.6+5.5
IYEH+EPIO—AKB 95.3:+4.8'
IVEHVAEBINAY (49)  1205+33
3SR+ KED 67.2+15"
IVEHV+REG 99.1%2.7
IVEHY+RR 87.9+3.6'

¥s a¥k93Y) p<0.05*, p<0.01**, mean+SEM

(B£]

BIZNAYDMBEEEAMBHRITLIHONTVEAE, SEOL S REERE, KEFLWV
SRBTTIR, BV A EYV BT Iu—R, RS BOIF) R LV A% MEEREICHEL K
ETZEBRALDICR o, —BIICTCASARYERD LT ERIT, LB GI AEVVER
Hhd, LeL, 7y FABERIEY GL EEZRLELIIZ, AURPKEDOTH-TH
TI—REEPFEVEELECMLEbEE L TEREFDOLODIEGILBAIERTHY .
ERRELEDEGIREBRVICRIATES L Bbh3,



(9—3) T RE - THXRAY KM & KD Ll

MR BR, §8 @K U0 »HPs, 28 FE K@ #E5. Bo BE
HiR AR E A BR RRL BA BT (BEREELRE REREER)
AE B RE ML, ZXR B X —E (REREELAE EREILESP)

(B8]
BROBACBITHERLEXTIKETHY, AEORESADOTE Y DR THB KL

BT HOIAPEED L L HIZ, HBKORBMOBEICLEENEZ-TETWVS,
Eie, BOTITHEBK O RERD FTRE 22 SRR A b ARFE S, MEBCKRAER Lo VWREIT A
S2TWNWEZeH, HERAZENTIABBITVWAIEHRDO—DOTHDEEILND,
SENT, HREAXKOEAEESLCIEOHEEDHELZITIZL L L,

(5] HREIIRERF L 104 (EHERH 21 K. B34, TET4) ARG HE
SOFE—Ta ha— LV ESEBIZERETo T,

QOEHERIINEFE S0g ICTELKEK (F FUyDITR) 147Tg 2AViz, HBRFIXERB
DFH% 8RF30 HLUKE, KEBEK (Vrhul—) USSR E Lz, ERAIXFI
B bRIERGE L, (BEEDHAETIOEINSHBOEELH V) REAFTRERNE T,
R 15 47, 304y, 454y, 60 4. 90 4y, 120 FZ=FoRFE S LT R k Neo A—_—%
WTHHERIEZITV., EERD GI % 100 L EDT,

ORERICIIMHRL LTEL DEHIZEENTWVS [E W, Lk, KE] & THRT), T
BI) ¢ LTEARZ2EALKR UL, B, KRBTV 3 —EN I HAKERSEE ECJ-XP1000
ARVBF VIV UREBRABRBOY v /83—y =—7 2000 L (400ml) ZEA LT,

THERR 1 | ITREBIBICRAT S5 A TORROBRYBMEL T LT, BWHHEIT 1. 98 (2
AT 14830g) EXh TRV, ThichbE 3fEEE2 (MR AX=9:1) TEALL,
MR XE 2B AAG I FESIBVWTHRREET 7 U r VIR RIF LK 3:7 TEA
LA CIERES ADhHRE2SEI, BRI X7 7 I AfRL Rk, (R B
*=3:7) CEEA L GIEICELSBEIZDONHE L,

@B, FLob—O30EETHELTS,

[#ER]
AXICH UMK I O GI{HIX 113.0 L BEEE 2o T,
MEB|ODGCIES3.5IEEAR L, MBEHEIIFREREZROON 2T,

[BZ£]

SENERTIE, HBOTTHLRELKRALTEY., ROBHLEL SAKE ITRIZRE
L. —icliay ha—AVCHRTHD E VbR TWAHERXKIL., BXE H~THoHE
EABECHICTRT S LHAIL TV,

7EH, ERTIT MR OGI HIZ113.0 LAXEIVEMETHY, BAZLETDIL 10
A4 ARKERE Y BEE R L, TR MR 10%. BX90%ZESLTEY. B

5



KDOIHELRTH, KREREBZR NPT,
(M I ) 1 THERI ) LVIEMEERL, GIMED 83.5 L AXLUEERIZEEEZ L
Too THEERII ] IZERR 30%. BXK T0% LRI CIHEBBD LI LBbRD,
R, 2ODBEDBMRELRDE MR ) X0.7g, THERI) 131.0g LTNIFLEE
RRNZEND, MR OGIEREREAZNREETHZ Z ERTREN:,
SHIEABEZEX. MEEOETRCIHENEEITONT, Fl&MEHFREZMIEL
oA AN

() S35 bk E thiR
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(9—4) KR LBNRUDG I D

TH BR NR B&E L0 HTE 2 FE. A A BO B,
iR B F A BR RA BE BT (SEEEELRE RENETH)
AE B R i, KRR B EA —E  (GHREELAE ERELERY)

[B#9]

W, BAADORITRKLIZ L Y BXE D b/ e ERFEN BB Y, BT
HARTKRIBLREREBBROBTEZBENTWS, BRE, HEKIZOVTOHLVELXFE LTH
BEFRALEANVERBRERELARORL LTHEBEZED—BRDOALIZYHR LIED T3,

SENL, DR TSR L 100%KM TIESTe RSV & O GIED BRI Z L=,

[5#]

TREVMRERR B X 104 (EHEH : 21 5%, BHE3I A, KET4) BARCIHASOHE—T
o ha—NVEBECEREITo,

PRERE 1T EERAT B D14 8 RELARE, /K EBFRLEMER L Lz, EikEDRE £
IIREMHE Lz,

EHERIIHE 50g ICRG LK (M FUDTHR) 147 AV, ZERHODHD 1 g%
MPTT, BIZEY & UTEBM L7, BEBAAE 156 2F TIIK 150ml 2B L7, ERAIXF
B9 R SHIERIE L L, RERTBHREZRRER 154, 304, 4543, 6043, 9043, 120431
=FREI VT R b Neo A—3—% AW CHIUFEERIE 21T o 72, BHER D GI % 100 & EDH T,
BRERICIIKBNRVEVERR V2 I—H50E_—5 Y —SPH-MP31 TG L ThEE BT
T-bDEFEALE,

Kkoiv, BRANVERFEE 50g ICREI L b0 AV ENRENER L,

FEHE 50g OFENITIX. B BIOMBIR DN, IR GRAK) . AFLINVI, FTAA—
A FAREENIHEE (RDBHEEZSIN 2L D) ORFESMEIOEEN G5 &, 50 TERLZ
BEZFEEE LTEMBZ AN TEZ BF Trb 020 BERICHNT TEH LAZEXIZEY 4
e,

Heky sy K 450g, AFLINST 16g, RTAL A —
A b bg, #H 9g. W¥E 33g, /N5 —45g
AV WK 480g, A¥AINY 5.5g. KTA A
—X b 6.6g. ¥ 8.9z, W¥E39.3g. /¥ —
20g




["R]
2RI EME
K3 @ GLAER: 100, &30 GIE 110 ThHo 7=,
g EFIZoWTit, BEHER L RNNVIFERLTHS 16 9505 30 7O CEEIC LA AR
BNd, KBViEwoeh LlFEER LT 45 056 60 FiThiTTE—7 BRI,

[E£]

KH3s%v D GIER: 100, B/X3U1X109 720, BNV O GLEOFNEWMEM ZR L,

M EFITBWTITERIES. B30, KB ITBW TR /U RS 5 70 BT
BOMIIRZ D, REDOFEHE U TKRH/ A LBNRVOUE T GIEIZHE Y ZETRD LN
2otz

LAL, HBREZLIZGLEZ RS L 10 AF 6 ABRNVEEER LT, ERBIBITTIXG

[ {ED LB TIIHRM /S BRSNS AR TR M EAMEL 725 E FRENERHE VB
BRI DT,

BYEOSHE R TIIRINT 2.2g, /NEBIT 13.0g FIKBEORYSMERINTKE,
INEWIH 5.8g THHDTR/INVDHFBRE T LIZL DBV D GLHEIMEEN S K2 EZD
ha, '

WHHITHEE 50 g ICTRE LI NEBOEIFR L 222 B EEIC B TS S Tk
5.6g. B/ IX 3.6g LXK DEREL GIEREL RDEHEN D - -SRI G fEAS
B o7, KEFEL TIRBIIGIEIENEELONS,



(9—5) FEEEHRICHRT3FEBLUMTED Glycemic Index 2B 5H3E

B M BRSNS ARSI )

W &< LFHBRARSIRY RAEHNEE

B EhF BERIAYE ARFIEHEH

BB XE ERSIAEAES ATERIRETIER, BERIAY ARSERE)
Ml BT GERRSIREAYET ATSMEREHIoR, BRRSIAY SRR

[BEX] ABESEFRFHOBLR,» b REMEE ERREDIIE TH D Glycemic Index (GI) A33EH &
hTW3, LHL, BAADBHEINCERL TWOBIZH b 5§ G LN SN TVRVE
bV, FZ T, A TIIFERERB L UMEED GI ZHALMI L, F, Kl OEAEHE
BV TR L UM TEOBRS Gl ICEx BRI 5 - L 2 Bl L L,

[FiE] MBEBLUHIETRA GIHEEOH—7" 1 b a—/VZHEILL TiT -7z, XREIL. F
¥ 19~24 7%, BMI 30 K0, MFERE TV —BEEAL L, FRERIZOE 9~124THIE
BiTol, BERDEEHREIL. 50g £7-13 25g ICHRRIL, BEHERICILKER (- FUvDZidA)
FRAWE, BERIT. FRITIESFE, Uo0FE BE BIURE #ERIIIIE. FC

(B4 4Y) BIUOEREZERLE, EEIA—T Vg, HRIO TNEEIT 7, &F
IR FaTAGIY., LAB) IZOWTHRE L, HESEIIINEME 12 REWMEFRRS LUHE
Bk, D BEEIMETEES. 2 KMEEEBEELIIMEE 3) BAR CHERTEREL
TR O 3 SORMIEEBICOIT THIE L, 2) . 3) ILKERE FREE IR OMEHEL
FR4:1 LRBEITRELE, 10 B HEREOHAR, ZERFIEENER I IRERY
BERSH, 15-30 - 45« 60 * 90 * 120 £y EDMBHEZRIE Uiz, MIEIZILE CIbERIERS VT
Z b+ PRO-R (ZFRYCERFZERT) 25 Uiz, SREROMEEFER KU Gl OLEIZIE, Mann-Whitney
D UREZRITV, fERE s%ARME b THERE LT,

[FBR] BHREAD Gl % Table 11TR U7, 1) BEEFIIMTERATIL, EORFBIUM
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Acute and Chronic Effects of Eating ‘Vegetables Before Carbohydrate’
on Glycemic Control in Japanese Patients with Type 2 Diabetes

Saeko Imai', Shizuo Kajiyama? *

! Department of Clinical Nutrition, Faculty of Comprehensive Rehabilitation,
Osaka Prefecture University, Osaka, Japan

? Kajiyama Clinic, Japan

3Department of Endocrinology and Metabolism, Kyoto Prefectural University
of Medicine, Graduate School of Medical Science, Japan

1. Postprandial hyperglycemia is associated with increased risk for
macrovascular diseases

It is important to manage good metabolic control in patients with
diabetes in order to prevent chronic complications.'” However, a
significant number of patients with diabetes remain poorly controlled,
mainly as a result of low compliance of diet. > Patients with diabetes
may have trouble understanding diets based on a restrict energy intake, and
even if they do understand the system, they may have difficulty changing
their daily food habits.>

It has been demonstrated that postprandial hyperglycemia is associated
with increased risk for macrovascular diseases.® The recommendations of
the International Diabetes Federation in 2007 were intended to assist in
developing strategies to effectively manage postprandial glucose levels in
people with diabetes. Strategies for nutritional education should be
re-organized to provide a simple and easy meal plan that lowers
postprandial hyperglycemia in patients with diabetes.

First, we reported an acute study of eating ‘vegetables before
carbohydrate’ on postprandial glucose and insulin levels in patients with
type 2 diabetes mellitus (T2DM). Second, we analyzed the retrospective
study to determine whether educating diabetic patients to eat ‘vegetables
before carbohydrate’ was effective on long-term glycemic control.

2. Crossover study of the effect of ‘vegetables before carbohydrate’ on
the postprandial glucose and insulin levels in Japanese patients with
type 2 diabetes mellitus’

We recruited 15 patients (7 men and 8 women), enrolled from
outpatients with T2DM controlled by diet in Kajiyama Clinic specializing in
diabetes treatments. The exclusion criteria were as follows: (1) mean
hemoglobin Aic (HbA1c) level in the past 6 months > 6.9% (2) chronic liver
disease or a clinical history and/or signs of cardiovascular disease,
cerebrovascular disease, or peripheral arterial disease (3) heavy smoking
(more than 40 cigarettes a day), and drinking (more than 50g alcohol a day);
(4) and use of any dietary supplement in the 2 months before the start of the
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study. No change was made to therapy during the study.

Their clinical characteristics were as follow, mean + SD; age 61.7 + 11.6
yrs, BMI 24.7 + 4.3 kg/m?, HbA1c 6.0 + 0.6%, duration of T2DM 5.3 = 8.8
yrs. A test meal, consisted of white rice and vegetable salad of sliced
cabbage and tomato, contains total energy of 340 kcal with 61.8g of
carbohydrate, 7.7g of fat, 4.8g of protein, and 1.9g of fiber. On each test
day, patients came to the clinic at 0845 in the morning after a 12-hour
overnight fast. After being weighed and having a fasting blood sample
obtained, subjects ate test meals eating either vegetables before rice or vice
versa chewing more than 20 times each bite with a 10 min interval between
rice and vegetables. Further blood samples were obtained at 30, 60, and
120 minutes after the end of the meal. Plasma glucose and insulin levels
were evaluated at each test meal. The subjects were instructed to maintain
low physical activity throughout the following 2 h of blood sampling. The
study protocol was approved by the Ethics Committee of the School of
Comprehensive Rehabilitation at Osaka Prefecture University and all
participants gave written informed consent prior to enrollment in the study.
No changes were made to oral hypoglycemic agents, antihypertensive or
lipid-lowering therapies during the study in all groups.

No significant differences were found between mean fasting blood
glucose or insulin values in two of the test days. Postprandial plasma
glucose levels of eating ‘vegetables before carbohydrates’ were reduced at
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Fig. 1 Time course of (A) plasma glucose or (B) serum insulin at 0, 30, 60 and 120 minutes
after cating rice before vegetables (o) or the reverse regimen (o) (n=15). Plasma glucose at
30 minutes after eating vegetables before rice was significantly reduced compared to the
reverse regimen (p < 0.01). Serum insulin at 30 and 60 minutes after following the same
regimen (p < 0.01 was also significantly reduced compared to the reverse regimen (p < 0.05).
Data is expressed as mean = SD. * p < 0.05, ** p < 0.01, rice first vs vegetables first. Cited
from Imai S et al. J.Japan Diab. Soc. 53(2):112-115,2010
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30 and 60 min compared to eating rice before vegetables (Fig. 1A).
Additionally, postprandial plasma insulin levels of eating °‘vegetables
before carbohydrate’ showed a significant decreased at 30 and 60 min
compared to eating rice before vegetables (Fig. 1B). There was no
significant difference in postprandial plasma glucose levels at 120 min
between each test day.

In this study, for the first time, we demonstrated that the effect of
consuming vegetables before rice on reducing the postprandial glucose and
insulin levels in subjects with T2DM. These results suggest that eating
‘vegetables before carbohydrate’ may be beneficial for subjects with
postprandial hyperglycemia and T2DM.

3. Retrospective study of the effect of eating ‘vegetables before
carbohydrate’ on long-term glycemic control in Japanese patients
with type 2 diabetes®

In addition to lowering acute postprandial glucose and insulin
responses, we evaluated the study to determine whether educating diabetic
patients to eat ‘vegetables before carbohydrate’ was effective on long-term
glycemic control. To test this hypothesis, we carried out a retrospective
study in patients with T2DM that compared changes in HbAic as the
primary outcome.

A total of 333 in 672 outpatients with T2DM in Kajiyama Clinic were
selected for possible participation in the study if they had no major
complications or medical illnesses. The patients were divided into two
groups to receive instructions on a simple meal plan of eating ‘vegetables
before carbohydrate’ (educational group, n=196) without taking into
account of energy intake, or a control group (n=137) of taking medical
examination by a doctor. All patients were scheduled for return visits at
every 4 weeks with physical examination and patients in the educational
group were routinely scheduled to see dietitians at every visit.

In order to reduce the postprandial hyperglycemia, patients in the
educational group were encouraged to consume every meal eating
vegetables prior to carbohydrate and chewing each bite more than 20 times.
Depending on the patient’s current dietary intake, the intervention aimed to
encourage increased consumption of vegetables, mushrooms, and seaweeds
using an original educational brochure (Fig.2). Approximately 30 min
were spent on dietary counseling at the initial visit and 20 min at each
subsequent session. Dietary intake was assessed by food records collected
over three days at the initial visit (baseline) and over seven days after 2
months of the intervention. The control group involved the patients
receiving their usual outpatient management every 4 weeks. The patients
in the control group were given general information about lifestyle and
diabetes risk by either a doctor or nurse at every visit.

As illustrated in Fig. 3, improvements in HbA1c levels over 30 months
were observed from 8.3% to 7.1% with the educational group (p < 0.001),
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while no change was observed with the control group, from 7.8% to 7.7%,
and the values in the educational group were significantly lower than the
control group after 3 to 30 months of study period. After the intervention,
dietary energy intake, protein, fat and carbohydrate were decreased in the
educational group. These reductions of dietary nutrients were the results
of the decrease of the consumption of grain (rice), fruits, oil, sweets and
beverages. On the other hand, consumption of vegetables increased after
intervention in the educational groups with a significant increase in
consumption of green vegetables.

The approach of eating ‘vegetables before carbohydrate’ was easier to
understand and teach than other approaches. The most important aspect
was also easier to attain by making the appropriate behavioral changes for
participants. Our results support the hypothesis that educating patients
with T2DM to eat ‘vegetables before carbohydrate’ was effective for
achieving glycemic control for more than 2 years.

Eat vegetables before carbohydrate

@Posiprandial hyperglycemia is assoclated with Increased risk for
macrovascular diseases.
@ Ealing vegelables before carbohydrate Is effeclive toreduce the
postprandial hyperglycemia.
@Please eat vegelables before cartbohydrale chewing more than 20
fimes each blte every meal.

Vegelables Maln dish Carbohydrate

Fig. 2 The educational brochure of eating ‘vegetables before carbohydrate’ for the patients
with T2DM.
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Fig. 3 Changes in mean HbAic levels in patients in the educational group () and the
control group (o) over the 30-month follow-up period. Data is expressed as mean £ (SE).
Significant difference from baseline, *** p < 0.001. Educational group vs control group; “p
< 0.05, " p < 0.001.
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