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SUMMARY

Glucose, immunoreactive insulin, and incremental insulin/
glucose values were obtained for 257 ambulatory Japanese
who underwent 3-hour oral (1.75 g/kg body weight) glucose
tolerance tests (GTT). The data were evaluated with
respect to sex, age, severity of abnormal GTT, and
duration of diabetes mellitus.  Although postloading
differences were found for glucose (elevated in females
and older persons) and insulin (elevated in obesity), total
insulinogenic index, defined as the ratio of cumulative
insulin increase to cumulative glucose increase, showed
clearest definition of the four variables mentioned above.
There was no significant difference for total index
between males and females and between normal and
overweight persons. Significant decreases in total index
were found with increasing age and longer duration of
diabetes mellitus.  The interrelationship of severity of
response to GTT, age, and duration of diabetes was
better defined by total index than by glucose or insulin
values. It was also observed that the more diabetic the
GTT result, the smaller was the age effect.

B K

HHRANRZZE257 L12o%, BIE (RE Lkg 2y ~
D1.75g G ) Ik 5 I MMM AR ME(GTT) 27 %
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Even among nonobese subjects with a normal GTT, those
with a prior diagnosis of diabetes had a significantly
lower mean index than those not previously diagnosed.
This and other observations provide the rationale for
dividing the entire sample into three functional groups
each with similar, though decreasing total index: group A —
age <40 negative GTT; group B —aged 40-69 negative
GTT and age <60 mild GTT; group C —aged 60-69 mild
GTT and all subjects with moderate GTT. Increased
duration of diabetes history adds a trend toward further
decrease in index within each group. Sex and weight
effects on total index are not apparent. The importance
of these combined influences in separating normal from
mildly diabetic persons is emphasized.

INTRODUCTION

Concepts regarding diabetes mellitus (DM) have changed
since the development of insulin immunoassay procedures
first devised by Yalow and Berson.'! [ven with these
tools mild DM may be difficult to differentiate from the
normal condition when a variety of factors which influence
response to glucose loading are considered. Indeed,
even the definition of “normal” response is being
questioned, especially in the elderly.”

Among the many variables which affect the human
organism’s response to a glucose load are sex, age,
obesity, exercise, nutritional status, pregnancy, and drugs.
The relative value of each factor in affecting glucose and
insulin responses has not been quantitated. The present
study, which considers the first three items plus DM
duration, suggests that, at least, the variables age and
duration of diabetes may have significant additive effects.

The present study is also designed to provide a more
specific functional deseription of insulin and glucose
response to challenge in the ABCC-JNIH Adult Health
Study population undergoing biennial surveillance for
4 No relation to A-homb
radiation was shown on a prior survey.* The additional

delayed A-bomb radiation effects.

insights into the clinical status of DM gained through
these functional tests are expected to assist future
interpretation in autopsy studies in the ABCC-JNIH
program.”

Previous studies show that DM in Japanese differs from
Caucasians. %% The great majority of ABCC subjects
with DM have mild, adult onset type. Juvenile, ketosis
prone. and insulin dependent cases are unusual, and the
Caucasian female predominance is reversed. The incidence
of vascular, rvetinal, renal, and neuropathic complications

EHGTTARA 2+ 3FICMH &, LA o RE &
pifehi-zlndsglr, MEZz0Lnth sk
FHIZHERTPEOEREGERICE, - . ZOFRE &
UrzofboBESREBRLE LT, HMELEY, 741
ThOBEOBIERIIFAREE RS- TE, F0ARLT
&I LRD=ZODBEER 5T~ A TE - 5405
iy GTT I % %5 B — 40 - 698 0 GTT E# & 4
U0 EMOGTTHEE RN %, CH — 160 -69
WOGTTHREREH L 5 FICGTThEEREED L.
HERRRREM P EVIE SR B3I S 25
E{aalmAssd 5. ZoFBET s L0kED
MEEHATERZY, EEE2BEMRBRE KN+
3927, LiiofEsoMEIELEDLE S TWE L
OEEEEMEEL 2.
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SRBIEFE L2

WAz 3 AMEo MG 2ELAT 22 0FEFD
thizid, Uk, GEME, AR, GEED, o FEIREE, BB L LU
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FHM A EECANTOSEORATI LS L, DAL
LIEM S & ORAREHESEE o R FIERmm Lo Re A
THIEMNRES AL,

I, SNORAG, FERASHE R EOF K
BILT 2411 EOBES ST 2ABCC — T 0FR A i
BN RBEA zonT, WA A2
R CMEERIGE &0 BARMICHEAEM M 3 &9 12
HEXhZ40Ths. LMoL ©1F, HRksts
EOMRIEEIG SN E Ao A0, BHRFE OB, i
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NAHMRETH SN ROBFIZE L2 Z & A
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are increased compared with nondiabetics. The general
practice is to rely on dietary therapy, while oral anti-
diabetic treatment is occasionally used over short periods.

METHODS AND TECHNIQUES

From April 1968 through April 1969 all ambulatory
subjects of the ABCC-JNIH Adult Health Study population
who underwent GTT also had serum insulin determi-
nations.” This group is made up of subjects with prior
DM diagnosis, in addition to others who were suspected
of having some disorder of carbohydrate metabolism, and
normals. After an initial pilot study, 257 subjects (see
appendix for master file numbers) were selected for
analysis of glucose and insulin values. During the study
period, 180 additional tests were found to have inconsis-
tently variable insulin levels or flat glucose tolerance
curves and were not further analyzed. In 27 instances a
diagnosis of hepatitis or treatment with insulin was noted
and these, too, were not analvzed.

The elimination from final analysis of such a large
percentage of the study cohort precluded further exami-

nation of the material for radiation effect in the current study.

Subjects fasted on the examination morning. They received
orally 1.75g glucose/kg body weight and remained supine
during the test. Blood for glucose and insulin determi-
nations was obtained before and at hourly intervals for 3
hours after the glucose challenge. Serum glucose was
determined by Autoanalyzer. Circulating insulin was
determined by an immunodiffusion method using the Hales

and Randle separation technique '’ modified for our use. !

While the ratio, Ainsulin/Aglucose, was caleulated for
the 1-, 2-, and 3-hr value (hourly index), the total insulino-
genic index, similar to the definition by Seltzer,'? is
emphasized in the analyses. The index, in essence,
expresses the amount of insulin increase per unit of
glucose increase. The 3-hr index is calculated only when
both the insulin and glucose values are above fasting
levels. Thus, there are fewer values for the 3-hr index
than at other times; the total index is derived using the
last hourly value obtained (i.e., the 2- or 3-hr value).

It is emphasized that the index values are not independent.
Indeed, neither are sequential glucose or insulin concen-
trations independent variables. Each, in some measure,
depends on the preceding value. These analyses tested
only total index values, and simple “t” tests were used.

MO L OH, FFWRBBREZE L~ EMIMLTVA.
— MR BEREA TN TEY, BCESEIIhES
AR RFRAEOSE I F o hTwa,

REAERS LUBREE

19684 4 H 22 519698 4 B £ COMM Izt cFH L~
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Classifications for Analyses

Glucose Tolerance Test. GTT results were classified as
negative regardless of prior history of diabetes, except
as follows:

BICHAW 248

HAFRE. MEFROREENS - TH, FROBEL
iz, GTTORREBEMEL LTHHEL L.

Glucose IfLflifif mg/100 m]

Result
sm Fasting 1 Hour 2 Hours
22 15 i 1 B[ 2
Positive (mild) P51 (HERE ) <105 >160 >120
Positive (moderate) B {4 ( o Z26 ) =105 >160 >120

Diabetes History. From current GTT tests and biennial
clinical evaluations, the following groups were formed:

Never diagnosed — DM never diagnosed, including
current tests;

DM short duration — diagnosis made during this study
{just diagnosed), or diagnosed previously and within
8 years;

DM long duration — diagnosis made previously and 8
vears or more before study (The earliest vear of
diagnosis possible at ABCC is 1958, the onset of the
current cohort study. Subjects diagnosed as DM cases
in that vear who also gave a history of prior diagnosis
are classified in this group).

Age, Sex, and Obesity. Composition of the entire sample
by sex, obesity, and age group is shown in Table 1, and
the net results of classification by severity (GTT result)
and history (duration) of diabetes are listed in Table 2.
Subjects with undressed weight >1.25 times the median
weight for sex-age-height class'® were labeled obese. All
others are nonobese. Since the reference tables for the
ABCC population cohort end at age 70, the 70+ group
cannot be classified, even though observations show that
overweight is unusual in Japanese, including the elderly.+1*1®
However, this group is not included in weight and some
other analyses.

RESULTS

Sex

Glucose and insulin concentrations and 1-, 2-, and 3-hr,
as well as total insulinogenic indices are shown for each

sex in Table 3 and Figures I and 2. Other than slightly
slower return of glucose values during the 2nd and 3rd

MEROKE. 2AOGTTOKRES LU 2HE21 @O
BREZEOFERIZE ST ROBICSEL /-

Bz L—4EORES & CHIRE LB s h s
ZEMruE,;

EBEOMRFE —SHoME TR S L H (B
PHRELZEPDDE; H50E, #@E 8 ERMIC
B R AL

B oERTB—4mo@ED 8 F L Lijiiz 2l & h
2% (ABCC Tl T2 T 20lk, HiTDIH—
M ATRGE E M2 19584E T H B . F O IR
Lz h, o, MELCZOBAZZILZED
hHFEZOWIHFELE).

FiE, MABLUEH. BESRZ A0, IEE s
FUERAERE R L CRL 2, HRBEORE (GTT 0
FEA) Bk OYARE (R c O HEM R L2 2
WL WREOHRES, 2OEOMKE-Fis -5 E54H
CHETAFEEPRMEOL.BEL ECdn T IEHE S L
2.0 FOMIEIERME S L. ABCCHFET A — bz
W EBBHEOEREFTE THD > TVEALHIZ, 70
BUEDECOVWTOFHERTHRETH 2. Lo L
AAANTI, BhErdoT, AEFEZSZLLV L
ARDoNhTwE. 08 ZoERBEOEIL, REP L
CEDHOETF OB » SBRIL .
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TABLE 1 SAMPLE CLASSIFICATION BY SEX, WEIGHT, AND AGE
1 WEHREOSE: K- RE - EHN

Male 5
Female ”
Total e

Nonobese 3JE il
Obese BB it
Age <40
5 40-59
60-69
70+

139

118

257

183 =

33 =

35 Average age 35
111 F o i 49
70 65
41 74

* Excluding age 70+ @708 L Lo H 13K L 2.

TABLE 2 SAMPLE CLASSIFICATION BY GTT RESULT AND DIABETES HISTORY
#2 MEMRFOFE: GTT MM - WTIE O KR

GTT result Negative (normal) BiE(ER)
GTT it it Positive (mild) B 4 (R )

Positive (moderate) P4 ( o %05 )
DM history Never diagnosed B L

HURFOMEE  Just diagnosed

L [ 3 B e i
Diagnosed <8 years 8 LA @ &7
Diagnosed >8 years 8 L1 ko i3 i

74
100

83 Average duration 4.0 years
29 T- ¥ T 46 4 () 8.9

hour in females, sex differences in insulin and index values
are not significant. No sex differences were found by
weight groups and GTT responses for hourly or total
indices (data not given). Thus, for the remainder of the
analyses, sexes were combined.

Obesity

Glucose and insulin concentrations and index values for
nonobese and obese, sexes combined, are shown in
Table 4 and total index in Figure 2. The mean values for
all three are higher in the obese, although only the
differences for insulin are highly significant. Mean total
index values for age, GTT results, and DM history in the
obese group are shown in Table 5.

Age, Diabetes History, and GTT Result

Age vs GTT. When all ages are grouped, increasing
glycemia and little change in insulin concentration are
apparent in nonobese subjects (Table 6, Figure 3). An
initial steep decrease in mean total index is seen (Figure 2);
but all these parameters show only small differences
between the 60-69 and 70+ age groups.

4 & O 3 R LEE L o [al 4 AT 0B v LlikE, 4 > Y .
UYL UHEEECRLB Iz THEOZ L 5 v,
LREM 2 & o 3R & & OIS 1E, AERMNS LU
GTTRBMIZATEBEMIzEIz v (FRIEI RS %
Pole). LiadoT, LEBEORBKFECIER K &3 L -,

e 5

BrE e LTHEME L IEHE 2T 208 s U4
YAV OBELS ITERME R LI, FABEY
fEEH2IZR LA ZoO3EFIIGT 2 EHHITVTH
HIRWEAE N, A v N0 ELOTEREL
EEARLE. EWMEHCEITLEM, GTTOEE L &
UM PR 9% DR EE B I S5 B 12 B 5 10/ L 7=,

Fi, BMRROBRES LUGTTORSE

FWMMGTT. HILHE* ERNCITELTAEE, @
PEIGMECRIIIM L, 4> 320 »BEEHTHEELER
(6, W3 ). FHB/IEHME G, BWICARS TRt
ALE(EZ)., L2L, Zh6D854A—-%—T1F, ©
THL60 -6UEERE LT0{L Lo DMz hFr sy
BT EL W,



FIGURE 1 GLUCOSE, INSULIN, & INDEX VALUES FOR ALL SUBJECTS
Bl &#lid 5 MHE, 4> > 20 b & UEHE
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ik}
mg/100ml 150 | FEMALE *
I MALE 5
100 -
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60 |
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20
0 L
B HOURLY INDEX
90 L Ll 2 & o3 Bl V77 maie %
| FEMALE #
A INSULIN
—— 70}
£ GLUCOSE %_‘
50%- ]
| L

1

FASTING 60

ZE RSN

Similar results only for index values are noted for severity
of glucose intolerance. For the negative GTT subclass
(Tahle 7), change in glucose values with age is not
apparent, although an age related decrease in insulin
concentration at !, 2, and 3-hrs is seen in Table 7. A
greater effect is seen in the mean total index (Table 7,
Figure 4), in which significant decreases are noted when
those aged 40 are compared with the 40-59(P<.05) and
60-69 (P<.01) age groups. The absence of a significant
mean index difference between those aged 40-59 and
60-69 emphasizes. for normal GTT responders, the
pivotal period around age 40 in these subjects.

For the mildly abnormal GTT group, glucose and insulin
values were similar (Table 7). However, again the mean
insulinogenic index fell significantly with age (P<.05),
but at a later (60-69) decade (Table 7, Figure 4).

120 180 minutes 7

HHEmEoRE ICR-T {aficl, HlEoAIZZhRE
Rt LR A N5, GTTEMER CIE(XKT), MK
fHIZEMICEIZZEDNEVA, BT TIE, 1M,
2IEMB K U3IEMA » ¥ o A EMRIZE - TR
BLTVS., PHBIEHE ST 2B BTV, 25 ¥
LS(#T7, B4), 0#EkmoETIE, 40-59F 0 &
(P<.05) & 4w i360-69 nE(P<.01) &,
HELZETAS3. GITTRIEOEE 2 HIzH VT (340 -
SOMETH £ 60 — 69T L o IC SR ICERE L=
WZokid, TS ONEE TR0 A ICEBET S S
ZEEMCRTENDTH A,

GITHEREEW G, MWEHES LI 22 V|
DER LD L(ET). LIPL, ZOBEEFHA
o) VEBEEREERE L CEBIITRLA(PL
05). 7L, FOETIH, d - tHERBCFLTHD
- (60-698, £7, H4).



FIGURE 2 MEAN TOTAL INDEX BY SEX, WEIGHT, AGE, & DIABETES HISTORY

H2 “PHRAEHE: - KR S5 BEREHEOREN
A MALE % |13 —f—
FEMALE # | 118 ._+_.
NONOBESE
S B 183 —+—
B OBESE a3 __+____
it =5
<40 27 #
w o 40-59 90 —+———
CQO% 6069 | 66 —
70+ 41 _+_
NEVER
wvy
8y JusT | 6 ——
Dz s 4
B% ey L =t
8 gtyrs | N . S—
L 1 I 1 1
0 .50 1.0 1.50 2.0

MEAN TOTAL INDEX

- ¥ 8 4 Hoil

Each factor is examined without regard for other factors.

& HF o s T,

With moderately abnormal GTT results, despite the
variation in glucose and insulin values (Table 7), change
in mean index with increasing age was not apparent
(Table 7, Figure 4).

For the obverse relationship of GTT results within age
groups, Table 7 and Figure 4 should again be consulted.
Insulin values differ somewhat, but mean index levels
decreased generally with severity of GTT abnormality
within age groups. These glucose values are necessarily
different since the GTT classes are so defined.

Duration of Diabetes. When nonobese subjects age
<70 are grouped for DM history, regardless of severity
of GTT (Table 8, Figure 2), the mean index values tend

to decrease among those with longer DM duration.

fun HEFIEEEL L 2.

GTT OFEEN RS CRE L8 ¢, s & U4
YA ) YEIZEM S IZE b T (RT), F
BHIEREOFESE LIBT3 L EBEL N T H 5
m(ET, B4).

EEMBCHISCTTOMEOEEM 2 MFE ST
i, BTHEVE4 kb5 AHTEBEAL L, [
Y2 YBETFOEERTH, &EBEOTERKI
E—IGTTEE o RE - TETFLA. GTTE S
D IO BIF TR S SR DA B B

WEEFARAHE. GTTE W OME & — B L T70%
RKBOERHELHREFTOFBELIESVWCHET S L
(F8, M2, HEABHEMAECZ SPEHREEY
ET+affimass. MEEOESEENOZIEL LV



TABLE 3 GLUCOSE, INSULIN, AND INDEX VALUES DURING GTT FOR ALL SUBJECTS
(139 MALE, 118 FEMALE)

£3 =M (HI3H, L1U8H) 2+ 3GTT 125132 MEHE, 1 >3 .Y vills & UHE8E

Fasting Minutes
2 60 120 180
Glucose H mg/100 ml
Male 5 Mean Y9/ 106 207 176 123
SEt 2 5 6 6
Female %« Mean T i1iL 106 209 194 150
SE 3 7 8 9

Insulin 1 > % 2V ¥ g Ufml

Male % Mean ‘Tt 9 61 78 42
SE 1 4 6 4
Female %« Mean 1 10 59 76 47
SE 1 3 5 4
i s s Total Index
Hourl d LM 2 & 4Bl
ourly index i fi 15 i
Male % Mean i .69 .83 .92(84)* .93
SE .08 .08 Al .09
Female Mean T ¥ .70 .81 LT4(83)* 87
SE 07 .07 07 07

* 3.hr index value (number of subjects with glucose-insulin above fasting value) in all tables, see methods.
TARTOERTIRGIMMAHETH S (BB EID WA -4 > > ) V2T LARYK),
WEH ik E B0,

t Standard error of mean. ‘Pl o PEui 2%

TABLE 4 GLUCOSE, INSULIN, AND INDEX VALUES DURING GTT FOR NONOBESE (183)
AND OBESE (33) SUBJECTS
£4 JENEM % (1834) H & IR F (338) 10+ 3 GTT 12+ 13 5 Mk,
vy iy & 1R

Fasting Minutes 4
ZE ML 60 120 180
Glucose ILE mg/100 ml
Nonobese M@ # Mean T Ea1il 106 204 180 131
BE 2 6 6 G
Obese B #  Mean T-Hii 107 223 199 159
SE 3 8 12 15
Insulin 1 > % 2 > g U/ml
Nonohese 3 §Bith % Mean T #91f 9 58 71 41
SE 1 3 4 3
Obese B4 % Mean FHI 17 90 138 83
SE 2 10 17 12
; . . Total Index
Hourl dex 10EMH Z & g ¥
ourly index F BN pranton
Nonobese £ B4 # Mean T i T4 .85 B1(116) 92
SE 07 07 .07 .07
Obese fEi##  Mean T4l .68 .93 1.19(26) 1.14
SE 08 k| .22 A7




TABLE 5 MEAN TOTAL INDEX FOR AGE, GTT RESULTS, AND DM HISTORY FOR OBESE SUBJECTS
£5 IBHEEOPIEIGHIE, T8 - GTT s - 1 IR 0w

Category Subjects Mean Total [ndex
il 1l ¥ P R

Age <40 8 1.28 +.21 SE
40-59 21 1.21 £.25
60-69 4 46 +.17
GTT result Negative B 14 5 2.42 +.86
GTT s #f Positive, mild i, Wi 14 98,10
Positive, moderate [, e s T4 844,17
DM history Never diagnosed B2l % L 4 1.63 +.41
HIF B 455 00 A 1 Ever diagnosed @l & 0 29 1.07 £.19
Just diagnosed 4[] 3 i e e 14 934,12
Diagnoses <8 years 8 1 Ll o B IF 12 1.28 £.43
Diagnoses >8 years 8 L) o 2l 3 87 +.87

TABLE 6 GLUCOSE, INSULIN, AND INDEX VALUES DURING GTT FOR NONOBESE BY AGE GROUP
6 JEIEMH AT AGTT (o id 2 MAER, 4 > > 2V Yilld & UHREUH, Fasien)

Age Subjects Fasting Minutes %r
i it il ¥ 228 60 120 180

Glucose M1 mg/100 ml

<40 27 Mean F il 99 173 151 104
SE 6 13 14 13
40-59 90 Mean 103 197 169 122
SE 3 7 7 7
60-69 66 Mean 113 227 207 155
SE 5 10 11 12
70+ 41 Mean 105 212 192 134
SE 3 10 13 14

Insulin 1 ¥ ¥ 2 » g U/ml

<40 27 Mean 11 67 73 35
SE 2 6 10 7
40-59 90 Mean 9 62 74 41
SE 1 5 7 4
60-69 66 Mean 9 48 65 43
SE 1 5 6 5
70+ 41 Mean 8 46 55 25
SE 1 5 5 3
i = . Total Index
(B B
Hourly index 1 BF[H D456 Bt 2 45 Ml
<40 27 Mean 1.51 1.51 1.16(11) 1.56
SE 37 .29 25 .28
40-59 90 Mean 74 .88 86(58) .96
SE .08 .09 12 10
60-69 66 Mean 43 53 .65(47) .61
SE .05 .06 .08 .06
70+ 41 Mean .50 .60 .57(25) .65
SE .08 .09 12 .09




TABLE 7 GLUCOSE, INSULIN, AND INDEX VALUES DURING GTT BY GTT RESULT AND AGE GROUP

£7T GITIZHG MM, 4 ¥ 2 & UHEHAE: GTT it - i

GTT Age Subjects Fasting Minutes %
i 1 %4 %2 Hi ity 60 120 180

Glucose M mg/100 ml

Negative <40 15 Mean ¥ 91 135 115 81
Es it SE 4 7 6 4
40-59 31 Mean 92 145 121 87
SE 2 i 4 5
60-69 12 Mean 89 138 127 87
SE 4 9 5 8
<70 58 Mean 91 141 121 85
SE 2 5 3
. 70+ 11 Mean 93 149 129 95
SE 3 13 11 6
Mild <40 8 Mean 91 203 177 111
R SE 4 19 14 10
40.59 36 Mean 93 195 161 115
SE 1 4 5 B
60-69 24 Mean 93 217 179 118
SE 2 10 9 8
<70 68 Mean 93 203 169 116
SE 1 5 4 4
70+ 18 Mean 95 213 177 101
SE 2 8 9 9
Moderate <40 4 Mean 144 259 237 178
th 3 JE SE 34 57 75 85
40-59 23 Mean 135 270 245 181
SE 9 17 20 19
60-69 30 Mean 138 271 261 213
SE 8 14 20 21
<70 57 Mean 137 270 253 197
SE 6 11 14 15
70+ 12 Mean 130 268 272 222
SE 7 17 28 35

Insulin 4 » > 29 > g U/ml

Negative <40 15 Mean 12 69 60 22
B 1 SE 2 ¥ 7 3
40-59 31 Mean 9 54 57 26

SE 1 6 8 6

60-69 12 Mean 7 46 46 19

SE 2 8 8 5

<70 58 Mean 9 56 55 23

SE 1 4 5 4

70+ 11 Mean 6 45 59 22

SE 2 10 11 6

—
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TABLE?7 &7

GTT Age Subjects Fasting Minutes %
B 7l ¥ ZE ik 60 120 180
Mild <40 8 Mean F i 13 73 107 66
ez SE 3 12 27 21
10-59 36 Mean 7 75 89 53
SE 1 10 13 8
60-69 24 Mean 7 47 70 43
SE 1 8 11 9
<70 68 Mean 7 65 84 51
SE 1 9 6
70+ 18 Mean 7 43 50 21
SE 1 5 5 3
Moderate <40 4 Mean 5 46 52 22
oh SE 4 11 13 6
40-59 23 Mean 11 53 75 44
SE 2 6 10 5
60-69 30 Mean 11 50 68 54
SE 1 7 9 8
<70 57 Mean 11 51 70 47
SE 1 4 6 5
70+ 12 Mean 11 50 59 36
SE 3 15 13 9
GTT Age Subjects Minutes % Total Index
£ 181 #4 60 120 180 fe 4 it
Hourly index 1B & & o 48 $ i
Negative <40 15 Mean 2.28 2.15 1.53(5) 2.17
i SE .60 .44 .34 44
40-59 31 Mean 1.04 118 .90(11) 1.19
SE 15 .19 .19 .19
60-69 12 Mean .82 .88 1.04(6) .91
SE 14 .15 22 14
<70 58 Mean 1.31 1.37 1.08(22) 1.39
SE .19 AT .14 .16
70+ 11 Mean .95 1.12 LO6(T) 117
SE 21 21 24 19
Mild <40 8 Mean .61 ar) 1.00(5) .93
e SE 13 5 .35 .23
40-59 36 Mean .73 .88 1.03(29) 1.01
SE 12 .15 .21 AT
60-69 24 Mean .33 .45 61(17) .63
SE .06 .07 12 .09
<70 68 Mean .58 72 .89(51) .83
SE .07 .09 .13 10
T0+ 18 Mean .32 .38 .31(8) .41
SE .04 .05 07 .05
er——
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TABLE % 7

GTT Age Subjects Minutes % Total Index
Tl 1Al & 60 120 180 # 4 ol
Moderate <40 4 Mean Tl 45 .55 .09(1) .55
oh % g SE Py .19 .00 .19
40-59 23 Mean .36 .47 .5T7(18) .56
SE .06 .08 A2 10
60.69 30 Mean .34 .44 .59(24) .54
SE 07 .08 12 10
<70 57 Mean .36 .46 .57(43) .55
SE .04 .05 .09 .07
70+ 12 Mean a7 46 43(10) .53
’ SE .15 1T .19 .20

TABLE & GLUCOSE, INSULIN, AND INDEX VALUES DURING GTT FOR NONOBESE AGE <70 BY DM HISTORY
#8 EMTOMRMOIIEHH T+ 5 GTT 121 A MM, 1 ¥ > Y Yl H & CIREIE R O E 5

DM Subjects Fasting Minutes 4
1k BR 473 17 ¥4 22 I 60 120 180
Glucose ¥ mg/100 ml
Never diagnesed M 4 L 50 Mean - Hi 90 138 121 86
SE 2 5 3 4
Just diagnosed % [ BB T 61 Mean 97 201 172 122
SE 2 5 6 4
Diagnosed <8 years 8 FLLAN D iEHF 61 Mean 125 252 224 167
SE 6 11 13 13
Diagnosed >8 vears 8 L) Lo & lif 11 Mean 123 262 244 191
SE 13 26 35 43
Insulin 1 > ¥ 2 Y ¥ g U/ml
Never diagnosed &M% L 50 Mean 9 56 57 24
SE 1 5 6 4
Just diagnosed 4 [ 35 Wi ik iE 61 Mean 9 G4 82 52
SE 1 6 8 6
Diagnosed <8 years 8 L1 ORI 61 Mean 9 55 72 45
SE 1 5 7 5
Diagnosed 8 years 8 1L LB 11 Mean 9 51 66 37
SE 2 16 19 11
Total Index
Hourly index 1Ml = & 04 #iill & 1R H T
Never diagnosed #W % L 50 Mean 1.40 1.45 1.06(20)  1.46
SE 21 19 16 .19
Just diagnosed 4 EI#E ik E 61 Mean .58 g .86(44) .80
SE .06 .07 1o .08
Diagnosed <8 years 8 §LLpP9 U 61 Mean 44 .56 .68(45) .66
SE .06 .08 13 10
Diagnosed >8 years 8 11 ko BT 11 Mean .38 .46 50(7) .53
SE .15 .16 27 .19

12



FIGURE 3 GLUCOSE, INSULIN, & INDEX VALUES FOR NONOBESE

B3 JEMCME CHTAMBE, 1> 2V vlib & U HE
-
GLUCOSE
2.00 i 6
5 O T ) S <40
mg/100ml 1 50 | ———  40-59
— 60-69
L 70+
1.00 L
80 INSULIN
4ryal
60
HU/ml 40 |
20
ol
HOURLY INDEX
1 2 & o 4R i
L <40
1.20 o
A INSULIN 4032
AGLUCOSE i - BZd  60-69
.80 - / - 70+
_ 7 7
4ol zu B 4§QL
1 1 1 'l
FASTING 60 120 180 minutes
2 5 I S
Glucose deviation from normal is progressive and reflects Bk U, ZHRERFEE AR OIE CEEM A S

the inclusion of more severe cases with increasing duration
of disease. Mean glucose, insulin, and hourly index values
for each GTT response class, ages combined, are shown
in Table 9. The elements of diabetes history are compared.
Again, the total insulinogenic index conveys the clearest
differences.

For all negative GTT results (Figure 5), those with a
prior DM diagnosis have a significantly (P<.05) lower
index than subjects never diagnosed. Significant bias is
overcome by the fortuitous circumstance of a similar
prevalence of previously diagnosed DM subjects among
age groups. In the <40 age group, 2 of 15 subjects had
prior DM diagnosis, with 6 of 43 for ages 40-69. In the
mild GTT group, DM history effects are not evident.
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ZEERMLTVS, FE A LAKGTTHRERD
PIGMAEE, 4 > YR O LMD L oK
ERIIIRLZE, WRBOBEMLESTE - 722, =
OBEERHA ¥ ) CEEERECRIMEAL XN S
Ehb.

GITORAOEMEHEEA®AH5 & (R5), BAEICHER
FOBEA R 3E OB, BFL Logchk~th
BUEW(P<.05). MELWRBOZMOS 55 0M
EAEERBECIRVTREBETH - 2L W I IFEMGIZE
EMALDICEELSRY 2M#ECE 2. RECHERRBD
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MEAN TOTAL INDEX
F Y 4R BT

FIGURE 4 MEAN TOTAL INDEX VALUES FOR GLUCOSE TOLERANCE TEST RESULTS BY AGE
B4 GTT Mtk + 2 THIRIRHAA : 4 kb5
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With moderate GTT subjects, the
diagnosed DM is greater than for DM of short duration
(<8 years) and significantly (<.05) larger than the >8
vear DM subgroup.

index for newly

DISCUSSION

Among the many factors affecting the human response to
a glucose challenge. four are considered here: sex, age,
obesity. and duration of history of glucose intolerance. In
contrast to pregnancy, drugs, and other acute and brief
stresses, these factors are long-term, or even lifelong
individual attributes. Thus, they represent physiologic
milieux whose influences may be predictable though

changeable.

Many authors have dealt with one or two of these factors,

not always with agreement.
12

The insulinogenic index of
Seltzer '~ is emphasized here to quantitatively express the
direct relationship of change in glucose level with change
in insulin response. The total index provides a useful
measure of cumulative insulin output per unit of glucose
increase. Seltzer found, as we do, that, despite similar
high absolute insulin values for mild diabetics, the ratio of
insulin output to glucose level was significantly decreased.

Among moderate diabetics, similarly defined, the diminished

14

3, MEROFREORFER L S 40, GTT hHIE
BEETCTE, BEIRA OBES B0 ARG, Em
M OWERR (SHERM) L0 bhkEd, 7, WIEMKS
ELU EOBWENDLAEBCAE WL (<.05),

B

Eafid s AMMioRIc2EGT 52 0EFOHD
ROM2E2ZZTWMO LT TEER2MZS: %, Fb,
MBS 4 & IR R DO B, TR, Ehe kU F
DO SELEIVIFHEHMO A ML ZA 0B S LR LD,
Ihbid, BHMUIbEZ3LDTHY, —EizhiksaT
FCMAMBETHE. LAP ST, FhIE4EMEENY
Bi*R+TL0Thn, 20HBELIEGHL 53 L1300z,
FHRATETH A .

ZHh6OEFO—, &2 2HEFEZVN, BRI
FTLE—BLTwAaW, 22T, OMEOELRE S >
YA OB E OMOEENMEEERNIIRT L
iz, Seltzer? O 4 ¥ ¥ 1) YEEFHICESFHW
Fo. RBYRBCAE(E, MUBERION o BT E L0 o B
o v ik RoBERLEE TS L. Seltzer £, b
bhoWfa RS, BERRFBCPOTA ¥ 2 Vi
HREAED L2 h 63, mMEECE+24 321
AW BEOHBEFERIBETLIVAZLE2BY . [
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FIGURE 5 MEAN TOTAL INDEX VALUES FOR GLUCOSE TOLERANCE TEST RESULTS BY DIABETES HISTORY
B15  GTT iftizad + & T8 HE 3l 48 RIS o 975 B 3
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TABLE ¢ GLUCOSE, INSULIN, AND INDEX VALUES DURING GTT BY DM HISTORY AND GTT RESULT
#9  GTT 280 5 M, 1 > 0 v fild & OHREAE : WEIRA O - GTT st 51

GTT DM Subjects Fasting Minutes 5

¥l B i ¥ ZE MR 60 120 180

Glucose M mg/100 ml

Negative Never diagnosed B L 50 Mean F #iif 90 138 121 86
533 SE 2 5 3 4
Previously diagnosed* LLiil 2l & » 8 Mean ki 163 120 78
SE 4 14 6 6
Mild Just diagnosed % [a] 3 I tho 46 Mean 91 197 166 116
I SE 1 5 6 5
Diagnosed <8 years 8 LI &I 18 Mean 97 217 175 119
SE 1 12 9 8
Diagnosed >8 years 8 Ll ko i liF 4 Mean 91 210 178 92
SE 2 11 5 7
Moderate Just diagnosed 10l 35 W e 15 Mean 115 213 190 140
th SE 3 10 14 10
Diagnosed <8 years 8 LI o i lir 36 Mean 144 285 270 209
SE 8 4 18 19
Diagnosed =8 years 8 1L Eoiblir 6 Mean i49 320 308 273
SE 19 21 51 63

* Seven cases diagnosed <8 vears. one case diagnosed >8 years. SELIA OB T, 8 EL LB 14 e e



TABLE # 9

GTT DM Subjects Fasting Minutes 4
HE IR 1 {7 ¥ 2 P 60 120 180

Insulin 4 » ¥ 2 » uU/ml

Negative Never diagnosed LWL L 50 Mean - ¥fi 9 56 57 24
s SE 1 5 6 4
Previously diagnosed LI i2lif 5 8 Mean 9 56 46 17
SE 4 9 8 5
Mild Just diagnosed S0 B R E 46 Mean 3 66 84 53
HEIE SE 1 7 10 7
Diagnosed <8 vears 8 LD EWT 18 Mean 6 62 80 46
SE 1 14 16 11
Diagnosed >8 years 8 Ll Lo ikl 4 Mean 7 66 108 50
SE 3 43 42 29
Moderate Just diagnosed SR E 15 Mean 1 57 74 47
o g SE 2 10 10 8
Diagnosed <8 years 8 iELLA® i i 36 Mean 11 50 72 51
SE 1 5 9 6
Diagnosed =8 years 8 §LL Lol 6 Mean 10 43 42 29
SE 3 14 13 10
GTT DM Subjects Minutes % Total Index
ik b 7 17l #4 60 120 180 4 48 # fif
Hourly index 115 o 45 #ii
Negative Never diagnosed i L 50 Mean F#1il 1.40 1.45 1.06(20) 1.46
i 4k SE 21 .19 .16 19
Previously diagnosed* LLiT o # & 0 8 . Mean .78 .87 1.26(2) .90
SE I ko) 14 06 .15
Mild Just diagnosed % [n 35 T e 46 Mean .58 2 .85(34) .82
g SE .08 .09 A2 10
Diagnosed <8 vears 8 {ELLN @B 18 Mean .58 74 .95(14) 87
SE .19 .24 37 29
Diagnosed >8 years 8 L) | o Bl 4 Mean .44 .62 1.02(3) .80
SE .32 .34 .53 43
Moderate Just diagnosed % (o] @ I ik 15 Mean .53 .66 L91(10) 16
I SE 12 .14 21 i £
Diagnosed <8 years 8 LA 36 Mean .32 .42 .52(29) A2
SE .04 .06 .09 .08
Diagnosed =8 years 8§10l Lo 6 Mean 18 21 12(4) .22
SE 07 .08 .08 .09

* Seven cases diagnosed <8 years, one case diagnosed >8 years. 8 &M ORUT TH, SEL EOBIF 1A
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absolute insulin responses to GTT are less striking than
the index. Kipnis,'® using total and incremental insulin
areas following GTT, reported that for equivalent glycemic
stimuli, the total hormonal effect is less than for normals
in maturity onset diabetics, both for normal weight and
obese. Our findings tend to agree.

Thus, adult onset diabetics are characterized more clearly
by deficient insulin responses in relation to a given
glucose stimulus than by comparison of absolute levels of
insulin or glucose.

Sex differences among responses to GTT have been
reported for younger and middle-aged groups'” and aged
(68-91 years).® In a large U.S. survey, females showed
higher postchallenge glucose values;'® in another, there
was no sex difference.'” In a prior ABCC study,?’
which analyzed the 1-hr response to a 50g glucose
challenge, males displayed significantly higher values at
all ages over 20 years.

We find no great sex difference in glucose or insulin
values following an oral GTT among our study population.
While female glucose values appear to return more slowly
to fasting levels (Table 3, Figure 1), the effect is
insignificant with respect to the total index.

While we have found elevated glucose (not significant)
and insulin (highly significant) levels following GTT in
obese compared to nonobese individuals, the mean index
in 33 obese subjects (1.14 £.17 standard error of mean)
did not differ greatly from the normal weight group
(.92 £.07 SE). Within the overweight group, division into
subgroups yields small numbers, yet there was a tendency
toward decreased mean total index with greater impair-
ment of GTT response, age >60, and prior history of
DM (Table 5). Seltzer 1" and others®""** report
similar trends.

et a

Since among five obese subjects with negative GTT the
mean index value (2.43 £.86 SE) differs slightly from
their nonobese counterparts aged <70 years(1.39+.16 SE),
some subtle influence of overweight may be operative in
augmenting insulin response. Multiple hyperinsulinogenic
consequences of obesity are succinctly summarized by
Kipnis.*®> These include nutrient, hormone, and drug
stimulants of insulin hyperresponsiveness. The importance
of judging the effects of obesity per se by comparing
groups of similar glucose responsiveness to similar loading
is emphasized by Boshell et al.*®* In addition, it may not
be valid to compare responses among obese persons of
different cultures since adipose tissue composition may
vary with diet.** Moreover, while Americans generally
gain weight with increasing age, most Japanese do

WY BMEEAA VY ) YEEOETIL, EREOET
EEICIEHIE T 2. Kipnis® 12, GTTHOKA >
Ya)UliB LU L) IR ABEEL, BR0
ARG, FREONENSE 2 EREES S I
FL, RAMBRB ISV THEEL DS L WESE L
TWV3. bhlbhOFRLFEKTS 3.

LZad-T, ARG L, 412 yadanidm
PEOMEE L2 S+ 2 £ 011, BEOBREI-HT 3 4
YU AU YRIBOETIIE S Tvs £ 5 BAMICER-S 3
bt d.

GTTIZH T aRIGIE, HEEMBESIUPEBREY L
FRRHEE (68 -01%)® &t THLENHZ LMEThTVRS.
KEICFT3AMELZRAETEO > I2H W THAREO M
HHEAKEII SV TH I EFRL LR A® Mo#EE
TIE, BELEE 2P 520 7T FEYH0g B 1 BRI
D IEIE & BT L LT o ABCC T i, 2080 F o
EZEWHIIHETREONEMEIHFEIZG» - ~.

bhbOPESEH I, BOEGTT Ho MIEE
VA Y ) VEEBRMIIREZ L. kT,
A PN ER ECHET 30 B0 ESTh -
A (RS, E1), BfEHREEOMELL3E, Z0OR
BEEETIE T V.

it 12, ARG 21z e T, GTT #% o MG E (B3 ©
ZVIRETL vy ) Vil (EbOTHE) ML T
WHZEMNBHLHSNLA, IEiHE3BH O T K E
(1.14= 17 T o FHERE ) 3, REEKHE( .92+
O7SE) ERZFR . GBEREREMES LTAS L,
MHL 4 ha0, FHRENME, GTTRY A%
v, SERBOURELL Eond, % & UNZHEIR#5 0 RETEIE A°
HhEIFCHFVWTETT2HmAH 5 (£5). Seltzer
R BEUEZOMOMEE 2 LEEOEm & 5 LT

Wwa,

GTTEEM ol # 5 #0145 8 (2.43+.86SE )
1, GTTfafE4d 2 U 2706406 0L I % (1.39+. 16 SE )
LREL DS OT, WBEEEOLA L OB L B
12&0, 4220 ryEEFHbRL T3 2E LALL,
Kipnis® 13, IEilc k3£ {04 v ¥ o) v EELER
JBUOoWTHHEZENLTWS, oz, £8® 4
RV E S L UEDEMRII L4 v 20 YBER
Bt EERTVE, A—-AMRIC L TRBE LR
BERTHAOHELELTIEHZ 0L 00 BE &b
T5ZEOHEEMIL, Boshell 62 Ik, THFAxhT
Wi, 209z, BIFHSoOMRIEEFI - TRL 5
ZeEEDH3¥ 0T, BLrisibeAETARHEIZ
WTRIBOESEE2TLIZLEENTHLIVA2E LAS
v, F4, REAE, —BRICEROMME L L 1THEL
WM+ 34, BRAZZITELEVI LEAE N, 4105
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There may be factors associated with weight
(e.g., adipose cell size®®) which complicate interpretation

of insulin response in aging normal Caucasians.

The observed insulin hyperresponsiveness in overweight
does not explain the mechanism (s) involved nor the
interaction of nongenetic factors. However, hormone
levels achieve approximately normal incremental relations
to changing glycemic stimulus, thus suggesting that
weight per se, or some function associated with overweight,
affects the magnitude but not the effectiveness of secreted
insulin in Japanese. Successful weight reduction is
reported to be associated, in nondiabetic obese, both with
normalization **7 and with little change®? in hyperinsulin-
emia. Such persons may not be “diabetic”, despite glucose
induced augmented glucose and insulin levels similar to

mild diabetics, when the index is considered.

Analysis of the remaining factors, GTT, age, and
duration of diabetes history in nonobese clearly shows
that the total index provides a better insight into their
interrelationship than either glucose or insulin values.
This is seen in the effect of age in each GTT class.
The age division is not especially notahle if only glucose
and insulin values are considered.

Age-associated response to oral
glucose challenge is reported for large nondiabetic groups
in the U.S.,'%!9 Great Britain.'” and Japan.?’ Seltzer et al '

and Boyns et al'” rveported age did not modify insulin

increasing glycemic

responses to glucose loads. Our findings are similar;
however, the index does show an age effect, in that the
mean values decrease with age and are related, at the
same time, to the severity of GTT result. Moreover, the

more diabetic the GTT, the smaller the age effect(Figure 4).

Comparing both sides of the age vs GTT sets, there
appear 3 functional groups using the mean total index as
the major criterion (Table 10), The age <40 negative
GTT group has the highest index (2.17 .44 SE). The
40-69 negative GTT and <60 mild GTT groups are
intermediate (1.05 4-.14 SE); and the 60-69 mild GTT and
moderate GTT groups are lowest(0.55+.07 SE). Similar,
but less revealing, relationships are seen for insulin values.

The third factor, diabetes history, shows little evidence
of effect on the mean index when the functional groupings
Regarding Table 10,
since group A had only two subjects previously diagnosed
as DM, no history effect could be evaluated. For group B,

mentioned above are compared.

the never diagnosed. newly diagnosed, and previously
diagnosed DM cases had mean indices of 1.14, 0.95, and

1.04 respectively. Index values for classes by history of

18

WEMOESZAATIE, GERICHEELAEHE (L E 2
E, BHMlan K2X)E X35 T6552L0E0IC
A v P RIBOBRIEEETH 5.

BEAREOSEGIIHEELS L VY ) SEERBI,
TS T38RI TE, £ AERENE M
BEEMIZ2VBTEHEMTI L0 TIEAZ L. LAaL, &L
UM, EH A MR L CIEIFE S MG
Foaholl+s. LidoT, o2&, BEA
H, daviE, BEEGEICMMELALASL2OMERN,
HEAMCETSZL4 ¥ v b0 Bz BEE RIET A,
EFOMPEELGTEI3LOTHAVILEEZTE LTS,
IeHE IR 1 o i # T, REMAITED, B v Yo
VyMEEDEREEFTEIREL, ™Y FLAFELD
ZOUEAR LY IcBE I TVWE., ok EETI,
T RSk o TR O R & R R &
UA 220 viHOKM» & - T, s EE TN
E, HERE| 202 E Litg o,

FEWHIETE2 200 B S, +4hkH, GTT, if
e & OHERR BB o v T oM T, B H
AV ¥ EHED IXBIBREY, TS50 A
BIfRizonTw, 2 3HALZRAELTIITS. 202
Lid, BGTT 4B I Ao BBIZALNS. I
WA LU v 2 vio&EEES G2, TF
WS 5 2R A L kEEBn 5w,

HKE, B0 EBET BEUHAFD B S KB % IERIR
WETORACIE, BIOAW A I3 5 MR G E
firE AT 2 LA HEENL TS, Seltzer
5% 5L Boyns 57 |k, MIAWMIZHNT AL a0
RIGREMRII L TELL LV EBELTWE. hhth
noRERARIMTHS. L L, IEHECIZEMNGD RS
HHD, TOFHEGEMBELLIETL, »2GTT
BEOBEELLMELTVE, £, GTTI2H1F 51
RABEATRAELVWEE, FlhoBH s v (X4).

T BN T ERE L TEEWBEEGTTE S &
OMFIZIOVTOREZITLE Y &, Z2OMRER S S
EEbRA(£10). F AR08 £ O GTT & E# TI1xlE
M AR EE V(217 44 SE ). 40-69&% o GTT &
HERE L0 RMOGTTBIE R HH L M2 R L A
(1.06 .14 SE ) ; 60-69 »GTT B/ B HEWE &
GTTHhHEERWHF IR LEME 2R L2 (0.5 .07
SE). ZHIEFBRETIE L VY, RBRoMENFA » > 2
i@ on.

FIOEFTHAMEBOMER ML, LG
MRERE 2 I+ 5 &, TidElE T 5 2 0oREITE
LAYEZLN W, BI0TE, ABdUCBRECHIERD
BHOd-FBR28 1T ELVOT, REOREIZS
WTOFEMIITEL» 7. BETIR, 22 Lo#,
e h s LU ICERB LB E A L H
IZE A EREz s FRLL, 0.5 L UL.AT



TABLE 10 TOTAL INDEX VALUES FOR AGE, GTT, AND DM HISTORY GROUPS —A FUNCTIONAL CLASSIFICATION

#10

AR i - GTT - 5% 0 FER — e heay 51 58

Mean Total Index ¥4 i3 ¥ofi

Group Subjects
n 4 Subgroup Functional Group P
UANER R HHERF
A <40 negative GTT 40 Ml > GTT &t # 15 2.17+.44 SE
B 1. 40-69 negative GTT 40 - 698 o GTT Btk & 43
2. <60 mild GTT 60 il 0 GTT BIER A% 44 }L%i“ Ty
i (A vs B)
L and 2 combined I1sdv2zasgl
DM never diagnosed MREFmOBE L L 37 1.14
DM just diagnosed Wi DR 45 0 BB I A A | e 32 .95
DM previously diagnosed LIz lFm ol s 0 18 1.04
L6} 1. 60-69 mild GTT 60 — 69a% ) GTT WEIE 38} 24
2. <70 moderate GTT 708 il GTT a5 RU & 57 }'%im &
1 and 2 combined 1L 02% &0
DM just diagnosed B R 55 0 BB IF A7 4 [0 e 29 .64
DM <8 years 8 I A il > B IR 45 42 .50
DM >8 years 8 L) ko Wk IR 5 10 .45

DM among group C are 0.64, 0.50, 0.45, which are also
not appreciably different, although a small trend of
diminishing index with longer DM duration may be seen.

On the other hand, a lower mean total index is revealed
for effect of diabetes history among GTT classes(Table 9,
Figure 5). For nonobese negative GT'T subjects (all ages
combined), those with a prior diagnosis of DM (8 subjects)
have a lower index (P<.05) compared with those never
diagnosed (50 subjects).

Among those with moderate results from GTT, evidence
of a positive effect of history of DM is also seen. Here
the mean index for newly diagnosed is somewhat higher
than short duration DM (<8 years), but is significantly

greater (P<.05) than long duration DM (>8 years).

For the mild GTT group there is no statistical evidence
for a decrease in mean index with increased duration of
DM. While this weakens conclusions regarding the DM
duration effect, the evidence among the negative and
moderate GTT groups remains strong. Thus, while it is
tempting to hypothesize that duration of DM history is
associated with decreased index values for all groups, the
evidence is still inconclusive. Further study is indicated
to determine how this factor might influence the index
with respect to increasing age and worsened glucose
tolerance, both of which appear to be potent harbingers
of a reduced capacity to maintain incremental insulin
levels pari passu with changing glucose stimulus.

For glucose and insulin values, again we note less
evidence, especially in the latter, of DM history effect.
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(P <.05).
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Mean total index values seem quite different, but standard
errors are so large that, relatively, the differences are
Still, these observations suggest an apparent
ineffectiveness of similar concentrations of insulin with
longer DM duration as well as more abnormal GTT response.

small.

That a negative, or normal, GTT is not incompatible with
a prior diagnosis of DM is also apparent. Invariably,
only glycemic response to glucose challenge was the
basis for past diagnoses. Our finding that among negative
GTT responses, those subjects with prior diagnoses of
DM showed a significantly lower mean index, suggests the
index reveals a chronic. stable state of diminished hormone
response despite variation in glucose, and possibly insulin

values. Such patients might be expected to demonstrate

also variable glucagon responses.®®

Thus. there is doubt that, in cases previously diagnosed
mild, adult DM, normalization of “tolerance” to a glucose
load surely indicates a reversal of this condition.

Our data suggest that DM severity, increasing age, and
DM duration are highly interrelated in their association
with reduced insulinogenic index, but the mechanism (s) is
not revealed. Our studies also reveal that, in general, sex
though
there is some suggestion of an effect of obesity per se.

and weight effects on the index are minimal,

More complete understanding of the patient lies in
increased knowledge of the many factors that influence
the results of the GTT. Consideration of the influences,
separate and combined, discussed above may modify
treatment trends among the elderly, especially those
with mildly abnormal GTT. Indeed, it seems reasonable
to calculate the insulinogenic index, or a similar relation-
ship between glucose and insulin, before embarking on
lifelong treatment of such patients.

HIZ2 LD OENSEBLIIIHLDH, HHEE LT

DAZE kEwbiz, HEmMIzE, kJ|IEELY, L L,
INODBMERERE, A v 2 Y BEFARBEE TS -
TE, MRFEBEMMAENZY, £/, GTTRERK

BAELVIZY, ORI THEZ EARBENS.

GTT #[ElE, H50E, EH T3, MiEizs
FAMRBOBMEF/E LAV LWL THL. 1)
AiDEBWIE, wFhomadt, WMARcE+ 3 il Rs
mﬁLKﬁUTﬁ&hhﬁéwT%% GTT Bt # o
I B, BREICIRB OB Y &5 20 EHEREF E R
Lﬁw:&ﬁwmbht_a@,mwﬁaxut$A4
YAV YHOEF S BHEIIFVTE, BiEoLE
LEFLE Y ETFTRENEFE EHIMIcE s TRENS
TEERBELTVE., ZOLS45ETIE, YLV
BOEMNEBOENELTFRENATHA .S

LA oT, DANCERE O ARG & 2 s h - #
xﬁuT&ﬁ?nﬁT%WﬂHmI”k okt
i, wRoTHtEE Rt ozl w g

bhbho®E T, WRBOBRE, EHolMns ko
FERRB R M E v CmuEMEsE s TA v v 2y >
EEBRBOETEMELTVRZILFAREENSH, 7
DEEFIZRE 2 TL . b bhoBETCE, Mz o
LoIzk3BEIETRES NN, &Sy, J5
T 2LV ENBBEIZELOTRIETHS.

BELZODVWTENEECEBETALHIZIE, GTTOR
PUBFERIETE(ORTFCHLTY S 5 0miEs

E~¥Tf>5 HiGCOEREE, ThEnEmz, /212
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EREHEINTARFEMIEFEINLI LS50 8
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B AW 2T, 4 ¥ 32U v EEEE, 530,
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