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Difference in Responses of Blood Glucose, Insulin and NEFA to

Glucose Tolerance Test Between Morning and Afternoon

Yan Ping QIN*!, Kumiyo YOKOYAMA*1, Katsuko NARUSE*?2
and Sachiko TOKUHISA*!

At the present, glucose tolerance tests are carried out in the morning after overnight fasting.
It is unclear whether the screening blood glucose values can be applied to patients who are
examined in the afternoon. Glucose tolerance is lower in the afternoon than in the morning in
Europeans, Americans and Antarctic people. It was reported that insulin sensitivity differs among
ethnic groups, and insulin secretion of Japanese is from 1/3 to 3/4 of Europeans and Americans.
So, data from glucose tolerance tests in Japanese carried out in the afternoon are needed. In this
study, glucose tolerance tests were performed at 9:00 and 13:30 in 13 healthy female subjects,
and plasma levels of glucose (Glc), insulin, triglyceride (TG) and non-esterified fatty acid (NEFA)
were determined, and the values were compared in the morning and in the afternoon.

The levels of glucose at 30, 60 and 120 minutes after the Glc intake were significantly higher
in the afternoon test than in the morning test; the levels of insulin at 120 and 180 minutes were
also significantly higher in the afternoon test. No significant difference was found between the
results of the morning and the afternoon test concerning TG and NEFA. In the present study we
demonstrated that glucose tolerance is lower in the afternoon than in the morning in healthy
Japanese females. These results indicate that if a glucose tolerance test is conducted in the afternoon
under the present criteria, a non-diabetic examinee might be mistakenly diagnosed with diabetes.
The screening blood glucose values applied to the afternoon test should be determined after more
examinations with a larger group of subjects.
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2. 1. 7o ha—)jb

WeHE 75g AfTalBE, TR A 75L& o7z
BEE 2B ES BRI DWTITo 2, iR —#
Bz DOWT, 9:30 (EE4 [7Th-AM] EEBD 22
[ 10 B fE)) &, BHM13:30 ([7Th-PM] EEOZejEE;
M 7.5 ICERABRZE T 2. %12 10:00 ([2h-
AM]) EFUH®15:00 ([2h-PM]) iZEmREB%T
W, BREMORBREITo /2. [7Th-AM] [7h-PM] O#
BEITFNFNI3A, [2h-AM] [2h-PM] 1372 3F49
ANTH5B, 2055, 3 Al [7Th] & [2h] OWiABEkIC
ZIML TWb7, EEICIZIOATH S (Table 1),

Table 1. #B&&H

P AR EEA ; B B E R &
7 B METE i BMI
BR T gy | WEEB | e BB g
A 23 164 60.0 22.3
B 21 165 490 15.4
C 21 170 49.0 17.0
D 23 160 53.0 20.7
F 22 155 57.0 93.7
el 20 158 54.0 21.6
09:30 Gle H 29 159 60.0 93.7
7.5 B 7Th-AM SRS ’ N
5l [ ] 1oAY I 22 164 55.0 20.4
ik 13:30 TG
7 21 153 54.0 93.1
[7h-PM] NEFA

N 58 160 485 18.9
S 40 165 65.0 93.9
T 62 152 45.0 19.5
Y 48 150 57.0 95.3
BT 3.0 1596 53.8 91.2
SD 15.9 6.0 6.4 3.0
HO 23 167 60.0 21.5
oG 24 160 50.0 19.5
CH 29 159 45.0 17.8
OK 23 170 63.0 21.8

10: 00
KO 21 155 48.0 20.0

[2h-AM]
2 B[ 500 Gle ET 35 160 50.0 19.5
v T 62 152 45.0 19.5

[2h-PM]
% 48 150 57.0 95.3
S 40 165 65.0 23.9
Far 339 1598 53.7 21.0
SD 13.9 6.7 7.7 24
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DF v I7FUTORE ERA) EFALEZ. NEOA
RTINS 90g, FIE, /N&—10g, FH.200mi, D A
ZO05MH, AT —kt—, fL, REOVWTIH, B
PEIZ0~10g &L/, F+I7TUTORERF YT T
Y 7R OB IR ICK D, TRIVF—, FNTHE,
Hs'8, mAKILMOBEZHA L, NR, HEMND,
T3 JVF— 600~650keal, ¥ > /NTHE 20~30g, 520
~9%5g, PEE T0~75¢ THho . Al OEENFIL
FeE Lo, RE, W, SRR ST,
BEONBENT CADHNWREERELIOFEL .
Ba HIZRA &I UAKIZEB & L,

AR LI-EEREAKREE M E, FL—F 2 G50 (1
7 200ml, 5> 7 L ERS K5 R 50g & &) 300ml
TH5, £ [7h] TIIAMNER, AR 30, 60, 120,
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9:30 B A
10:00 PHE AN
12:00

2 &

13: 00 B £
13: 30 PEE AT
14: 00
15: 00 PEE AR
17:00 &y &
18: 00 LA
20: 00 &y R
23 : 30 " £
0: 00 B B it B g
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180 I Ep &R H5ml 2 7 vk MU D LAAD
OFHBEICHRIML, EIL#, Gle, 1 > XY >, TG, NEFA
ZERLUZ. £B [2h] TIZAMER, ARH30, 120
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NI—ZBF AN (FNA—AFF ¥ —TiE) %,
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FLiYarQDlEAWE, 1 A) OERICIIE
HEME WO, A JUTA AN ASTFI LS
7wtA, 2 kR 2HWE, TG OFEEICIIFIEM
HT2@®DE, NJZUESA1 RG-TX MY (GPO -
p-7 007z /=)L) %, NEFA O BITITFIEME
T (B &I, NEFA C-7Z MAIYE (ACS-ACOD %) %
AWz,

4. HRETEEITIE

[7h-AM] & [7h-PM], [2h-AM] & [2h-PM] O]
DEDOKREIT —HOEERIZ LS FHOKTE | % student
Dt BEIZE VT, [7Th-AM] & [2h-AM], [7h-PM]
& [2h-PM] OFEOREIZF MEICXVESHTHS
TEEWRLEDOL, [BEH0HWTHD 2 BEARICKDRIE)
% student D t REIZE DITo 70

& R

1. [7Th-AM] & [Th-PM] ODLEE

1. 1. s

B B T AT O 22 AR R IR B 1 VA B 23 o 7z,
UL s g A OmEEE (FEH+SD) (mg/
100md) (n=13) 1% [7h-AM], [7h-PM] OJiEIiZ, 305>
# T2 [123.0£23.6], [147.9+24.2], 604346 Tld [95.2
+924.6], [121.2+28.9], 120431 Tl [95.3+13.8],
[114.4+243] THY, (NBFHRAWOHNEEILS
Motz (p<0.05) (Fig. 1). TabbibEaRIZ TR
FHEN o 7z,

L2, AR VRE
BHAMBOA AU VRE (FE#E£SD) (nU/ml)
(n=13) & [7h-AM], [7h-PM] ODJEIZ, 12053 T
[21.52+9.8], [32.1+15.1], 18043 Tld [10.5+6.8],
[18.5+8.8], TH Y, NHFHRARMDOHBEREICEND
7= (p<0.05) (Fig. 1).

1. 3. TG BLUNEFA

[(7h-PM] & [7Th-AM] ORICHEREZ R
(Fig. 2

2. [2h-AM] & [2h-PM] ODLEER

BRI O ARV & WD Z & EZeiERFREAY 2 Kf
BITHRD5NDDTH S S0, 2R 2 KR TlLb
B T TEL R OD 22 G B I BB A 1 B, ERTH% 30 4, 12043
OMBEEICD, FiEFBOMICERSEZTIEN O
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1. ARBOBBREICDNT
¥ B&#F OBMINZ [7h] Ti21.2+3.0, [2h] TiZ21.0
+24 (Table 1) TANS AERBEESOHERET

SEHEESD n=13

Fig. 2 BEE 75g EME D TG $ XU NEFA OZH)
(Ze i HERs 7.5 RS A E)
09:30 7% : [7h-AM] 13:30 &7 : [7h-PM]

(&5D3] ITEY. BMI ERERFRIEREIED, >
AU CRBRZMEEIZEAOHBEERT ZEELEBDHNT
WBN, BIETHIBIFNEEITTHT— I N8
NTHEB M, HE [7Th] DEREERKIZ 208789 4,
WOUEN4HTHS, ARBRTHEELAZEHBIZOWT,
20fRE 40D, OB ORICEII RSN > 2D T,
FEOTIBHORHREL THE- 2.

2. M¥EEDHRBZE
2. 1. “Dawn phenomenon”

MEEEDOHEEENIEE L TRAEERICKEL T3
A, g0 &9 2 7)) a— X OftE & RO R
AL THBICREIENT WS, MEEEOLEE % 24
RRICOZ> THET 5 &, BE (6~ 88 DZ%elE
FFICE—72 (“Dawn phenomenon”) ) 233 1), Z D8]
RiR, BRRE., FRBLIEOEAENHD, HEICAS
LFHI4RFEBRRE AR L, REICHN > T ERT2H
FEEFNRSND, IS DMBEOLEH > TA >R
U2 WESESHT 5, RPOMmE LAIE, IDDM ¥
KDONTE L DTN THNTY, 22EN T NIDDM
BEBIVBEZIIOVNTHERANSNEY, BEECH
“Dawn phenomenon” A3&% 0, IDDM 3 & UF NIDDM
TRHBFESINTHND LW 0§, @EHEICTIZD




FHARIFENE NI RENH B 112,

Skor IZ k% &, IDDM EFICTFFH ALY U aixh
L T% “Dawn phenomenon” (IS N/2VWDT, O
WF =V EFEICESE L TWSOTiERNWY, Xz,
“euglycemic insulin clamp” {EIC& B A > AU V&2
BlEOERICE S E, BHEOA AU VEEEKRITIEAT
A UEMTIERL, A AU IUT I ANE
HLTWw3Y, Campbell ITX5 &, a-B XU B -ET R
251 TH “Dawn phenomenon” [T SN2 ND
T, AT NVTIUHNERCIESG L TWSOTRES,
EEE & GH EBENHBRICHET 20T, ERILVT>
(GH) 7B 5 L TW39, Blackard |IZREHDA A
OONEBEBENNIEERS O NS O Gle A2 ER
MHHANT, “Dawn phenomenon” DFEIEZEEEMHEL T
W59,

Catterill I2 & % &, EHER O IDDM B3# O MAEME, 1
> AU, GH, 1 A AR I (IGF-D, 1 >

2 REBERT LSS > /N7 (IGFBP-I) #HIEL
RER, BE O B E O EFIZ IGFBP-IAEFKEL TW
2X5T#H 59, Kobayashi |LMbEfE, > XU >, IGF-],
IGFBP-1, IGFBP-II, R+ GH % #H|%E L T, IGFBP-I &
MmO ERICHEZRHEE R L, BRI IGFBP-
Lick> THIEHZZTTWS IGFIMERL TWaB I &
ERBLAED, 517, IGF-1 DEETIX/Aa<, IGF1ID
ERREZ T (SDS) A1 AU UAREHRDO Y —T—
L0 EDERRTNSY,

NIDDM {23 ZOB|ENEDH LN TND Y, JHEHHFIZ
) “BEOHHR” BEET S ENIHEIT Bolli H5iIT& 5.
1:00/,%5 9:00a.m. DfE, 1.5 RS TE fm THIE U 7z %

M Gle, £ > A >, C-RTFE, Gle DAEREB I UH
H, 1A 2 5E5:30am. #2BX 5 &8ML ; 3
WFJ—=), TEZR T4V, JINVITERT 12 UER
HlcBE@ERL, 4:0005 6:30am. ICEBERD ;
GHIZ1:00/5 4:30am &L LH LA 5:30am.
IZI2FD50% Elzolz. FINVAIVREEB LGNS T
ZOREEMSH ST, R omEEE ERIE, IR/ L
EAFA=NT I HEAINR BEIUGHIZKYD, HO
A A VEZENENT D I LI TREZ 24K
BY—AF7 U XALATHD, IDDM BEOHFILID
X LADHEBEINTVLS EBERLEZY, ZHNITHL,
Mauras!D &, Simon 5 2 |3 &% &I “BEHRE” 13RO
ShiEWERE L, AIEICLD L, GHOWOIEREE
BLURZHFICODVWT20HMRTmREMEB LT 2R
o aBElE LR, MREIC “BRR” RN
mhol, BEICLDE, BEFOMEMR, 122U 2,
C-RTF K% 4 BLUL05 N THIE L ZF5HR, &4
%%@ﬁﬁs~mﬁﬁ%fﬁﬁbfkb,%ﬁ%”m

WHONTWERR L, “BEHE B3RO oNABmNE
Lm%lx%%), ERICES FRBIBENWCEERTELTWS
H D TRV,
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2. 2. AEBRICHU BRI O al L FROE
09:30 ([7h-AM] 10EFRZEE#%) & 13:30 ([7h-PM]
7.50ER22fE18) DIMBEEORICERZRFZED saho
2. ThbbEEHE AN TIIEER I EEICS TS
FRTETFROMICEBRRZIIENE VWA S, Troisi 51T
£BE, BRFEZHOEDDOERFEELFALEMAT
3, FENIFBRIDERICENY, ARAETOHER
SEEELEAFER T, ol & TR OZEER mREEC
ENED ONSHEEMITIH D, EERFOMEEHEICHET
ZERE L TiZ “Dawn phenomenon” 12 DWW T #H
NENEEDIT, AR COERBIUVEEME, T
a7 I, 2NFV=)b, GH, V) d, IGF,
IGFBP-1, IGFBP-I 72 EMH D, FRIEFHOEICZ
50D EOMNMEGL TWSOMIZ I TIRHEERTE
VAN

3. MEEEDFRIEFHRDE

3. 1. “Afternoon diabetes”

it EEII TR O A IMEN Z EAFRD 5N TS, Jarret
5l 2% “Afternoon diabetes” “FHDOPERIK” EIE
VW, Bk AT BT, 3~ 6 HOBRHIT
R ETFHROENKTH S Z &, CH IZIZZHEENE
WIEREERE L9, F/, 3,346 N\ORFEROD
M ZRE L2 & 25, RETRFRTL D FROSGA
BT BtEE BRITEN D . FHRICIT> 2 FEHE 50
g AR O 2 B O MEHEIRRICE <, FITE» o720
7.8 %5 11.1mmol/l 2B A 2B DEIFITIEFHIT XL
B3EI Mo, Gibson 5IHEHE 0g 2E5DRED
125 D 8am. & 5pm. [T > A > 0.05mU’kg f&
FEAERL, mEHEP LT NEFA OKTZRBIEL =2,
ZeRE RS MBEE I I ENENIZHAND ST, MEEITT
A48%, FH34% K F L7z, —F, NEFA OZEEK D
PRI IR 477 L EBq/l, %725 Eq/l TH D, BDIIF
#i47%, FB6A% THo . FRIZMEOWDIINS
< NEFA QUAEIRE WA, M OB P &2
IxRNF—BOEEL T, FaiEFHBRIIFELCTH S
. Jarrett 51X ICTHEENMET TSI & 2FAL
T, FHiOHBRTIIEE S HEINIZAD, FROBER
WO THEL TORMAONEZREL 2, 1969 FITF
BORBTER SHMEINZBMH 284, THRORR
TIEBRBOMBICADFIRILTHo . ER EHE
SN HEME284 T 1975 EFE TICHRBEREL 281X
42 THoz. TDDH, 19694 DT DilEk THIRR
DHEEIC A TWEFL 2HDOATH oz, TIRDDB,
O OBERIE” IBERE T E U T TR,
Morgan 513 FBICTHBERESE T T B AN X L2 #
B4 % 7=%, 08:30 & 20: 30 ICE KR > XU it
A&7\, M Gle & NEFA #BF L. 1> AU >
BT EH O H A <, NEFA BEZEHOHEN. 4
%12 NEFA BBV DIE, 1 > A EEZHIMEVASR
T, FRTHAHELTNDE Y,
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3. 2. RERITHI HIHEEEDFF & PR 0%

BE BARAZEICB N THTHEEII RO MMEN T
EEHALNIT U, bbb, MEEIIEE 75g AR
3047, 6043, 1203012 BNVWT, FRRAFOHDEZICE
o7z (p<0.05), —K, 1A CBEIXAFE 120
73, 1803280 T, FRAMOFNAEICEN>- (p
<0.05), ZOXDICMmPEED ERICENTA A >
BENERTZ 283, FRIIZT DA 2 OSWRE
AEL LD OB TT 2 2 E2RBL Tn3,
NEFA REICIIFEREZIRD s Niadh o 7-, Morgan
SIZTRICTHERMME T T2 AN AL EL T, Fii2
L NEFA V&N Z EDNHERTA > 2D VRS HENRT
THIEEBIT TN, KERTIZ NEFA ITIZERN
BIND7=DT, AEBRJMIZBW TSRS ET T 2
IR NEFA @ EH Tid/zy, Jarrett 512k 2 &, F
BITIT o e HEE 50g ERT D 2 RERIH O M ME I & 15
<, BIEWIERFHEICEET SZETIERNnD,
AEBIIS AT b0 TH 5, HRIIBHIZLDE
B 2nEEH 200, KEWVWEITEZIZS W, &
BOBEEE LN,

1. EESHEOFE

ERCOIN < ZERERERT 7 FERILL_E T3 aRIZ R B O F
AR, ZERGRERT 2 BERT CIIAFRT & P8 & I 2133
SNz, RIZEVWEEOBICHEE BT S &
MEES ERLPTVENDN TS, &2 CFaian
BLUOFHRATITBWT, 2R 25/ & 7 B &0
MOMBEROZZE 7, mMBEREZ, [7Th-AM]
[7h-PM] TIEEEEILRICE D, [2h-AM] [2h-PM] Tl
SR MBEREERIC L DT o 72728, WEDHFENHE %
B 5 Z SI3EEN D D, F I THEMER & AR%30
FEDE (A30£SD mg/100ml) &RDEDKREZIT>
7zo

=tuiis] AM PM
ZefE %R () (G
<+
7h (9:30) 30.622.0 44 (13:30) 52.5+24.0
vy
2h (10:00) 33.7+23.0 | (15:00) 39.9+19.6
<|->

> HEZEZHV (p<0.05)
< HEEHDEEFEX RN

[7h-AM] (ZZJERFR]10/FR) D 430& [2h-AM] (22
RERFRA 2 B LIZFIER U TH o=, [7Th-PM] (Z2fE
e 7.5 Kef) @ 43013 [2h-PM]  (Z2BE GRS 2 BERS)
FORED oM, BETREN 2. KHFEEOER
LD L, HRREROBRR (Z2ERERM 14D L)
D A301%, BARBAROBR R (THER45R) %0
AVEDHEICKEN FERh) . BEVNZERRE©ZOT
BOBRIIMBEES ERL2TWI LIS M TH B,

[Th-AM] & [7h-PM] D A30 & ORI CIIEBEENF D,
[2h-AM] & [2h-PM] BITIZAEBZEENZW, ZHidm
PEEDME % L U2 EREFA LU TH B,

5. BRBZHBLUVEEEF~DEE
Troisi 5 I3 ZEEIFIRIN % TRIICIT 0 /2F (n=6,483)

EFRIFTo2E (n=6,399) DIMBEEZ DL TRD

TR 2B Fal &% ORINE ORI ER. Bk

E7OEFOMOETIZIZENENICHAND 5T,

ZERE IS BB S 7.0mmol/l (126mg/100mi) Ll EDHED

A, FRIELE TIRFMROED YLD TH o, T

BHb5, 2000EBET AU N TEHRHIN TWAERRES

WrOBEYEME 2, TRICHRIL ZFIEA T, ERo

BRWRHEENRZE L INDTH S, FHROFMHFIC

MU T, BERBR EHWT 5 UM 2, 0.67mmol/l

(120 mg/100ml) LT RETH B EBRRTNZ ),

WL LIAE 5 H D5 42 [l H AR R iR £ R ERFMES
ZBWT, BRFZHEERNEESNS THERFED S
MERBWEE) CHT MENREINS, THICLD

IEWA, SR, WRFBE, HREODEIIUTO

F2Ifrbn s,

(D BRI KD 1) 2) 3) MNNICELTDES.
1) BEEFIPEE 200mg/100mi L), EASHEZR X N /-84,
2) REZERERF Mg 126 me/100ml Ll EASHER X /215
B 3) 75g WEE A Ml Bk T 2 BER4E 200 mg/100 m!
L ERHER TN 5E,

() FERIF: OB IKRELTD 2) 3) Ofiihy T
PRIGEL R S N7 B8 IHIRIE S 2T 5,

(3) IEWA . ZeERFIMPEAS 110mg/100ml i, 7D 75¢
FEE A BR T 2 BEREME 7Y 140 mg/100ml R DB E
HIEERMET 2,

@) BERA: EE 1) 2 Q) ofncbBERNnE
BERRET 5,

RIRFIT BT PRI TRE R RA L TH 5,
T5g WEEAMBO 2 REREIT, FRTEM T3 95.3+124.3
mg/100ml, FHAH TIE 1144+ 13.8mg/100m! (Y
EEEERZE) (h=14) THO, FRANDOENEEIC
BT, MNOEEFRALTHEENTHS, Ln
LRWS, FRIARO 2 FERIE AT 140mg/100ml & 0 4>
UZEFRWED, THRICAHRBRZ 2D 2HEITI3ER
BRILHFIND RN H D Z &2 RLTVWS, T42
BH OWERF LW O HIEMEIIRT O HIZEED DD
BEELIRBDLIRETHD, BENBEEREICIZES
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