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Summary. Intravenous glucose tolerance, release of 
immunoreaetive insulin and the hypoglyeaemie response 
to exogenous insulin were investigated in nine normal, 
fifteen maturi ty-onset  diabetic and twenty-five subjects 
(equivocal group) with a mild abnormali ty of oral glucose 
tolerance (Fasting blood glucose < 110 rag%, and two 
hour levels < 170 mg%).  -- Intravenous glucose toler- 
ance (KG.T.T.) and insulin sensitivity (KL~.T.) of subjects 
in the equivocal group ranged from normal to low values, 
but  were significantly different from the normal and frank 
diabetic groups. Within the equivocal group, eleven sub- 
jects had normal, eight diabetic and six borderline KG.T.T. 
values. -- Plasma insulin responses within the equivocal 
group varied widely: seven normal and seventeen typical 
diabetic responses occurred in individuals with either nor- 
real or reduced intravenous glucose tolerance. Despite 
this heterogeneity, a definite diagnosis was established in 
eleven of the twenty-five sub jeers with the present method 
of investigation. -- Significant positive correlations were 
demonstrated both between KG.T.T. and plasma insulin 
and KG.w.~. and insulin sensitivity, suggesting that  overall 
glucose tolerance is dependent on both insulin sensitivity 
and on the amount  of circulating plasma insulin. 

Signification et interprgtation d'une tolerance au glucose 
oral ldg@rement anormale 

Rdsumd. La toldrance intraveineuse au glucose, la libd- 
ration d'insuline immuno-rdactive et la rdaction hypo- 
glyedmique ~ l ' insuline exogbne furent examindes chez 
neuf sujets normaux, chez quinze sujets diabdtiques de 
l'gge adulte et chez vingt-cinq sujets (groupe 6quivoque) 
ayant  une anomalie bdnigne de la toldranee au glucose par 
voie orale (glucose ~ jeun < 110 rag% et des taux de deux 
heures < 170 mg~o). La toldrance intraveineuse au glu- 
cose (KG.~.T.) et la sensibilitd ~ l ' insuline (KL~.T.) du 
groupe dquivoque allaient des valeurs normales ~ des 
valeurs peu dlevdes mais 6taient net tement  diffdrentes des 
groupes normaux et franchement diabdtiques. Darts le 
groupe dquivoque, onze sujets eurent des valeurs nor- 
males, huit  des valeurs diabdtiques et six des valeurs 
limites de KG.T.T. -- Les r@onses de l ' insuline plasmati- 
que dans le groupe dquivoque eurent de grandes varia- 
tions: sept r@onses normales et dix-sept r@onses typi- 
quement diabdtiques apparurent  ehez Its individus ayant  
soit une toldrance normale au glucose intraveineux, soit 

une toldrance rdduite. Malgrd eette hdtgrogdnditd, un 
diagnostic dtfmitif fur dtabli ehez onze des vingt-cinq 
sujets avee cette mdthode d'enqugte. -- Des corrdlations 
d 'une signification positive furent ddmontrtes ~ la fois 
entre KG.~.T. et l 'insuline plasmatique et entre KG.T.T. et 
la sensibilitd ~ l'insuline, suggtrant que la toldrance eom- 
pl@te au glucose d@end ~ la fois de la sensibilit6 envcrs 
l 'insuline et de la quantitd d'insuline plasmatique qui 
eireule. 

Die Deutung und Bedeutung leieht abnormaler Glucose- 
belastungen 

Zusammenfassung. Die intraventse Glucose-Toleranz, 
die Sekretion yon immunreaktivem Insul in und die hypo- 
glykaemische Reaktion auf exogenes Insul in wurde 
bei einer Reihe yon Pat ienten untersucht:  yon diesen 
waren 9 normal, 15 hat ten im reifen Alter einen Dia- 
betes entwiekelt, und 25 (eine Mittelgruppe) zeigten eine 
geringe Anomalie der oralen Glucose-Toleranz. (Blut- 
zucker, niichtern < 110 rag%, Werte nach 2 S t d <  170 
rag%). Die Messung der in t raventsen Glucose-Toleranz 
(KG.~.~.) und der Insulin-Empfmdlichkeit (KI.T.~.) yon Pa- 
t ienten in der Mittelgruppe ergaben normale oder niedrige 
Werte, aber sic waren deutlich verschieden yon denen in 
der normalen oder diabetischen Gruppe. Innerhalb der 
Mittelgruppe hat ten 11 t 'a t ienten normale, 8 diabetische 
und 6 Grenzlinien KG.~.T. Werte. -- Die Anstiege des 
Plasma Insulins in der Mittelgruppe fielen sehr verschie- 
den aus : 7 normale und 17 typisch diabetische Reaktionen 
fanden sich bei Patienten, die eine normale oder ernie- 
drigte intravenSse Glucose-Toleranz hatten. Trotz dieser 
Unterschiede war es mSglich, eine definitive Diagnose bei 
11 der 25 Patienten mit  Hilfe dieser Untersuchungsme- 
rhode zu stellen. -- Signifikante positive Beziehungen 
wurden festgestellt zwischen Ka.~.T. und Plasma Insul in 
einerseits und  KG.T.T. und Insulin-Empfindlichkeit nude- 
rerseits. Daraus folgt, dal3 die Gesamt-Glucose-Toleranz 
abh/~ngig ist nicht nur  yon der Insulin-Empfindlichkeit,  
sondern auch yon der Menge des Plasma-Insulins ira Blur- 
kreislauf. 

Key-words: Equivocal oral glucose tolerance, intra- 
venous glucose tolerance, insulin tolerance tests, immune- 
reactive insulin levels, insulin sensitivity. 

The practical  problems tha t  arise in  an indiv idual  
in  differentiat ing a possibly benign  abnorma l i ty  of glu- 
cose tolerance from diabetes melli tus have been ex- 
cellently discussed in  a recent review by  Schwartz 
(1968). The biochemical criteria used at  present  for the 
diagnosis of diabetes melli tus ~rary widely (Fajans  and  

Conn, 1959, Bri t ish Diabetic  Association - -  Fi tzgerald  
and  Keen  1964, W.I-I.0. Publ ica t ions  1965, Amer ican  
Diabetes Association 1967 and  1969) and  the diffi- 
culties and  possible dangers inheren t  in  such definitions 
were highl ighted in the prospective s tudy  of O'Sul l ivan 
and  Mahan (1968). These workers showed tha t  over a 
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twelve year period, a group of individuals assessed by 
several criteria as having mildly abnormal glucose 
tolerance had widely differing rates of progression to 
clinical diabetes. 

Many workers have suggested tha t  alterations in the 
pat tern of insulin release following a glucose load may  be 
diagnostic of diabetes mellitus (Yalow et al. 1965, Cerasi 
and Luft 1967a, Colwell and Lein 1967, Perley and 
Kipnis 1967, Seltzer et al. 1967, Simpson et al. 1968). 
However, it has also been shown that glucose tolerance 
depends as much on the effective hypoglycaemic action 
of insulin as on the amount of circulating insulin (Mar- 
tin et al. 1968, Heard and Henry 1969, l~eaven and 
Farquhar 1969, Alford et al. 1970). As early as 1939, 
Himsworth and Kerr 1939, using a combined glucose- 
insulin tolerance test, had differentiated two types of 
diabetics - -  the insulin sensitive and the insulin in- 
sensitive type. 

This report describes the s tudy of patients with 
mildly abnormal oral glucose tolerance tests by a 
combined intravenous glucose tolerance/insulin toler- 
ance test. The results indicate that  in an individual 
with a mild abnormali ty of glucose tolerance, there is 
usually decreased insulin sensitivity compared with 
normal subjects, but  that  the patterns of the insulin 
responses are variable. 

tients who were currently receiving insulin and in 
whom heterologous insulin antibodies prevented the 
measurement of immunoreactive insulin levels. At the 
time of the investigation all were well controlled, being 
free of infections and ketosis. Group I I I  (Table 2). 
Twenty-five subjects, eleven males and fifteen females 
aged 15 to 75 years (mean 46 years), who had mildly 
abnormal oral glucose tolerance tests. A family history 
of diabetes was present in nine cases, but  none were 
overweight. Case No. 5 had a degenerative exudative 
retinopathy, Cases 17 and 18 mild ischaemic heart 
disease (angina and non-specific T wave changes on 
E.C.G.), and Case 20 had clinically asymptom~tic mild 
peripheral neuritis. All other subjects in this group 
were free of large and small vessel vascular disease on 
clinical examination and by  E.C.G. as assessed inde- 
pendently by a cardiologist. 
Normal oral glucose tolerance was defined by  the W. 
H.O. Criteria (W.H.O. Publications 1965). Patients 
were classed as having mild oral glucose intolerance if 
fasting blood glucose levels were less than 110mg %, and 
the two hour level was greater than 130 mg% but less 
than 170 rag% after a 50 g glucose load. Capillary blood 
samples were used, measuring whole blood reducing 
substance by  the alkaline ferricyanide auto-analyser 
method. 

Table i. Summary of patients studied by intravenous glucose tolerance and insulin 
tolerance tests 

Group Number Age Sex Ponderal KG.T.T.* KI.T.T..* 
(mean) index* 

I M:F 
Normal 9 27 7 : 2 
Control 
I I  
Diabetic 15 50 11 : 4~ 
Control 
I I I  
Equivocal 25 46 11 : 14 

2.2 2.83 7.80 
4- 0.01 4- 0.27 4- 1.06 

2.3 0.68 2.73 
4- 0.01 4- 0.05 4- 0.36 

2.3 1.28 4.59 
4-0.05 4-0.12 4-0.42 

* mean 4- S.E.M. 

Methods 

Patients studied. Forty-nine subjects aged 15 to 75 
years were investigated (Table 1). The subjects were 
divided into three groups: Group I. Nine normal, non 
obese subjects, seven males and two females aged 17 
to 46 years (mean 27 years), with no family history of 
diabetes and no evidence clinically of endocrine or vas- 
cular disease. Oral glucose tolerance tests were normal. 
Group I I .  Fifteen maturi ty-onset  diabetics aged 40 to 
72 years (mean 50 years) with unequivocal biochemical 
and symptomatic disease. Family history of diabetes 
was present in eight subjects, and one subject was 
obese. Diabetic microangiopathy was present in three 
cases. Control of the diabetes was by  diet and/or oral 
hypoglycaemie agents in all subjects except two pa- 

Body build was expressed as the Davenport-Pon-  
deral Index - -  weight (g)/height~(cm), which correlates 
directly with adiposity (Whyte 1965). The normal  
Australian mean for subjects aged 20 to 30 years is 
2.37 and 40 to 60 years is 2.62 (Whyte 1965). 

Intravenous glucose tolerance and insuli~ tolerance 
tests. Prior to investigation, all patients were on a diet 
containing at  least 200 g carbohydrate daffy for four 
days, and had ceased oral hypoglycaemie agents for a t  
least 72 h or had omitted insulin therapy for 24 h 
(American Diabetes Association 1969). The m~jori ty  
of subjects were studied as outpatients, the test  being 
commenced between 8 and 9.30 a.m. after a 15 to 30 
min period of recumbency. 

Following an overnight, fast, an intravenous glucose 
tolerance test  was performed, using a 750 mg per kg 
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body weight glucose load which was injected over 4 min. 
Samples were collected for blood glucose and plasma 
insulin at  0, 2, 5, 10, 15, 20, 30, 45 and 60 min, from 
an indwelling needle in the opposite forearm vein. 
Glucose tolerance, Kc.T.T. (the rate of glucose decay 
per unit  time) was calculated from the expression 

0.693 
KG.~.T.----- T ~  X 100 (Lundbaek 1962). The half life 

(T �89  of glucose disappearance was estimated from the 
line of best fit for glucose decay from the fifteenth to 
sixtieth minute after the glucose load when plotted on 
semi-log paper 

At sixty minutes, 0.1 unit per kg body weight of 
crystalline be vine insulin was injected into a vein in the 
opposite arm. Insulin sensitivity, KL~.~., (the hypo- 
glycaemic potency of exogenous insulin) was calculat- 
ed from samples collected every five minutes over the 
next  foIty-five minutes (Hartin et al. 1967). The validity 
of the insulin sensitivity test  (KLT.~.), with prior glu- 
cose loading was examined in the control group. No 
significant difference was found between paired K~.T.T. 
values obtained after fasting or 60 rain after the glucose 
load (mean 5.75 versus 6.83, t = 0.61, 2~ > 0.6). 

Plasma insulin was estimated in duplicate by  the 
charcoal method of Herber t  et al. (1965) as modified by  
Pearson et al. (1968) in samples rapidly frozen and 
stored a t  - -  15 ~ C. The presence of heterologous insulin 
antibodies are determined routinely in this assay sys- 
tem (Pearson and Martin 1970). 

KG.T.T. values greater than  1.20 were classed as 
normal, allowance being made for the relatively large 
intravenous glucose load used (NIoorhouse et al. 1963, 
Wahlberg 1966, Kahn  et al. 1967). KG.~.T. values less 
than  1.00 were considered to be in the diabetic range. 
The range of insulin sensitivity (KL~.~.) previously 
determined in fifty normal Australians aged 20 to 50 
years of age was 2.5 to 9.3, mean 6.23 (N[artin and 
Stocks 1968). Fasting plasma insulin of 2 to 25 ~U/ml 
and a rise of greater than 30 txU/ml above fasting levels 
2 to 5 rain after the intravenous glucose load were con- 
sidered normal. 

Statistical analyses were by  the Students '  T test  
and by simple coefficient correlation analysis using the 
Olivetti computer programme. Logarithmic transfor- 
mation of the plasma insulin levels was carried out to 
convert the data to a more "normal"  distribution with 
stabilisation of the variance (Welborn et al. 1966, 
Reaven and Miller 1968). 

Results 

Groups I and I I .  Control and diabetiv subjects: In- 
travenous glucose tolerance (Ko.T.~.) in the controls 
ranged from 1.60 to 3.47, with a mean of 2.83 J= 0.27 
(S.E.NI.). Glucose decay after exogenous insulin (KI.~.T.) 
was rapid in the control subjects, KLT.~. values being 
greater than 3.10 with a mean of 7.80 • 1.06 (Table 1, 
Figs. 1 and 2). The two eldest subjects aged 40 and 

46 years had Ko.T.T. values of 3.30 and 1.60 and KL~.~. 
values of 8.70 and 9.90 respectively. Plasma insulin 
showed a normal brisk early rise to a peak two to five 
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minutes after the glucose load (mean 4- S.E. peak rise 
75 4- 12 ~U/ml), falling towards fasting levels by  sixty 
minutes (Fig. 3). 

In  the diabetics (Group II),  intravenous glucose 
tolerance was very low, KG.T.~. values being below 
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Mean plasma insulin levels following the intra- 
venous glucose load in Groups I and I I  

were significantly different from both the controls and 
the frank diabetics (Tables 1 and 2; Figs. 1 and 2). 
The mean KG.T.W. value, 1.28 -4- 0.12 was lower than the 
normal controls ( t =  5.811, p <0.001) but  was signifi- 
cantly higher than the diabetics (Group I I )  (t = 5.459; 
p < 0.001). In  addition, insulin sensitivity was signifi- 
cantly reduced compared with the control Group I 
(mean KLT.T. 4.59 • 0.42 versus 7.80 4- 1.06, t = 3.333, 
p < 0.002), but  was higher than the diabetics (4.59 • 
0.42 versus 2.73 4- 0.36; t---- 3.516, p <0.005) (Fig. 2). 

Within Group I I I ,  several sub groups were noted. 
Eleven subjects had Ko.T.~. values within the normal 
range, six had KG.T.T. values between 1.00 and 1.20 
and in eight, Ka.T.T. was in the frank diabetic range, 
less than 1.00 (Fig. 1, Table 2). There was no significant 
difference between the insulin sensitivity of the three 
sub-groups. However, when insulin sensitivity of 
Group I I I  subjects with diabetic KG.~.~. values, less 
than 1.00, were compared with the frank diabetics 
(Group II),  no significant differernee was now evident 
(mean KLT.T. 3.76 4- 0.52 versus 2.73 4- 0.36 ; t ---- 1.737, 
p > 0.05). 
The plasma insulin response to the glucose load of 

100 
uU/ml 

8s 

?C- 

(5( 

5C 

3O 

2O 

10 

0 

KGT.T >1.20 KG.IT ' 1.0- 1.2 1 

m=5 

I I ..~ 
0 20 40 (50 20 40 60 

IGIucose load Glucose toad 

KGIT<!.00 

m=5 

d = 2  

I I 
20 40 60 

rain 
Glucose Ioad 

Fig. 4. Mean plasma insulin levels following the intravenous glucose load in the "equivocal" Group I I I .  The 
group has been subdivided according to intravenous glucose tolerance, as indicated in the text. n = normal insulin 
response ; m = maturity-onset diabetic response ; d = insulin-deficient diabetic response. The shaded area repre- 

sents the range of response in normal controls (Group I) 

1.00 with a mean of 0.68 4- 0.05. Insulin sensitivity was Group III subjects was unpredictable (Table 2, Fig. 4). 
significantly reduced, mean KI.T.T. 2.73 4- 0.36, Normal patterns of release were seen in subjects with 
compared with the control group (t----5.099, p < 0.001) normal (Cases 1,2, 6 and Ii) and reduced (Cases 12, 15 
(Table i, Figs. 1 and 2). The mean plasma insulin re- and 22) intravenous glucose tolerance. However, the 
sponse in the diabetics is shown in Fig. 3. Two types of insulin response was normal in only four of the eleven 
response were seen: the delayed, sustained response of subjects with normal intravenous glucose tolerance, 
the maturity-onset diabetic and the flat response of the and three of the fourteen subjects with reduced intra- 
insulin-deficient diabetic, venous glucose tolerance had normal plasma insulin 

Group I I I .  In  this group overall intravenous glu- levels (Fig. 4). Flat  or delayed insulin responses oc- 
cose tolerance (KG.T.T.) and insulin sensitivity(KLT.T.) curred in seven of the eight patients with a family 
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h i s to ry  of diabetes ,  b u t  in  only  e ight  of the  seventeen  
ind iv idua l s  wi th  no f ami ly  h is tory .  There was no 
evidence in th is  series t h a t  the  p l a sma  insul in response 
was inf luenced b y  the  age of an ind iv idua l .  

Relationship between glucose tolerance, plasma insulin 
responses and insulin sensitivity. W h e n  the  for ty -n ine  
pa t i en t s  were considered as a whole, a s ignif icant  posi- 
t ive  corre la t ion  be tween  glucose to lerance  (KG.T.T.) 
and  the  five minu t e  p l a sma  insul in  level ( r =  0.475, 
p < 0.001) and  a s ignif icant  nega t ive  corre la t ion  wi th  
the  s ix ty  minu t e  p l a s m a  insul in  level ( r =  - -  0.376, 
p < 0.01) were found  (Figs. 5 and  6). I t  would  therefore  
seem t h a t  no rma l  glucose to lerance  is associa ted  wi th  
a n  ear ly  peak  rise of p l a s m a  insul in which falls r a p id ly  

Discussion 

This r epor t  has  shown that i n t r avenous  glucose 
to lerance  (KG.T.T.) var ies  widely  in subjec ts  wi th  only  
mi ld ly  abnorma l  oral  glucose tolerance.  The in t ra-  
venous  glucose to lerance  t es t  was employed  in th is  
s tudy  because the  oral glucose to lerance  t es t  is impre-  
cise and  poor ly  reproducible  in a n y  one ind iv idua l  
(McDonald et al. 1965). A l though  the  ra te  of glucose 
decay  is affected b y  age (Wahlberg  1966, F ranckson  
et al. 1966), Wah lbe rg  showed t h a t  despi te  less f requent  
high norma l  KG.T.T. values  in subjec ts  over  seven ty  
years  of age, there  was no increase in the  number  of 
d iabet ic  KG.~.T. values  (Wahlberg  1966). The tes t  is no t  

Case No. Age Sex KG.~.~. 

Table 2. Details of the Twenty-five Subjects of Group I I I  

KI.T.~. In t ravenous  G.T.~. Plasma Insulin (aU/ml) 

0' 2' 5' 10' 15' 20' 30' 60' 

1. 2 1 F  1.87 7.70 24 204 139 99 88 55 44 37 
2. 36 F 2.31 6.3 18 88 68 84 82 64 45 25 

* 3. 653I  1.54 . . . . . . . . .  
* 4. 37M 1.33 4.85 9 9 13 21 20 21 23 33 

5. 70 F 1.41 2.47 11 70 91 71 73 86 --  171 
6. 45 F 3.30 4.45 2 36 34 28 24 20 17 10 
7. 17 F 1.50 7.70 2 20 16 14 9 13 13 10 

* 8. 24 F 2.10 4.60 6 7 5 5 8 8 6 6 
* 9. 44 F 1.28 3.64 5 15 11 21 25 22 20 41 
*10. 39M 1.27 2.31 10 12 --  8 12 18 26 28 

11. 51M 1.26 2.31 10 33 17 15 24 22 27 22 
"12. 63 F 1.07 4.60 10 89 78 35 36 37 30 26 

13. 15 F 1.05 4.62 5 5 5 5 5 5 12 22 
14. 2 1 F  1.09 6.93 9 19 19 20 16 --  12 17 
15. 63M 1.00 3.47 9 87 72 53 42 45 31 36 
16. 35M 1.05 10.00 10 18 14 10 15 13 19 23 
17. 69M 1.12 4.08 6 6 10 8 8 11 12 14 

"18. 69 F 0.72 3.15 22 56 27 108 38 52 65 75 
19. 33M 0.53 1.77 20 35 28 43 43 50 59 69 
20. 69 F 0.83 3.30 3 26 9 7 6 5 9 12 
21. 43 F 0.50 6.93 44 --  21 25 17 26 19 22 
22. 75M 0.93 2.31 16 62 50 26 --  33 32 33 
23. 54M 0.95 3.85 2 7 3 3 6 21 25 18 
24. 36 F 0.96 3.85 12 12 24 18 2 35 21 28 

*25. 58M 0.86 4.95 2 2 10 8 10 --  10 t9 

Ka.W.T. KI.~.T. Plasma insulin (vU/rnl) 

Mean 4- 1.284-12 4.59+0.42 114-2 404-10 334-7 314-6 2 5 •  30:J:4 254-3 334-7 
S.E.M. 

* Fami ly  his tory of diabetes mellitus 

t owards  fas t ing levels. On the  o ther  hand,  decreased 
glucose to le rance  is associa ted  wi th  a low ear ly  insul in  
response and  a sus ta ined  e leva t ion  of p l a sma  insul in  
levels,  s i x ty  minu te s  a f te r  the  glucose load.  

A signif icant  pos i t ive  corre la t ion be tween  overal l  
glucose to lerance  a n d  insul in  sens i t iv i ty  (KI.T.~.) was 
also d e m o n s t r a t e d  for t he  fo r ty -n ine  subjec ts  ( r =  
0.647, p <0 .001 )  (Fig. 7). This  re la t ionship  was st i l l  
ev iden t  when e i ther  the  f r ank  d iabe t ic  Group  I I  (r = 
0.461, p < 0.05) or the  equivocal  Group  I I I  (r ---- 0.506, 
p < 0.01) were considered separa te ly .  

physiological ,  b u t  i so tope studies have  shown t h a t  the  
KG.T.T. va lue  represents  a cons tan t  and  useful measure  
of overal l  glucose to lerance  ( F o r b a t h  and  t t e t e n y i  
1966). 

I n  the  equivocal  Group  I I I ,  e leven subjects  (44%) 
had  norma l  KG.T.~. values,  six (24%) were borderl ine,  
and  e ight  (32%) were in the  d iabet ic  range.  Insul in  
sens i t iv i ty  (KI.T.T.) Of the  equivocal  group as a whole 
(Group I I I ) ,  as measured  b y  the  hypog lycaemic  poten-  
cy of exogenous insulin,  was s ignif icant ly  different  
f rom the  no rma l  control  and  the  f r ank ly  d iabet ic  sub- 
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jects. However, the insulin sensitivity (KL~.T.) of the 
individuals in Group I I I  with diabetic Ko.~.~. values 
(less than 1.00) was similar to the frank diabetics. Fac- 
tors thought to affect insulin sensitivity --  large and 
small vessel disease (Martin and Stocks 1968, Stocks 
and Martin 1969), obesity (Franckson eta l .  1966) and 
malnutrition (Heard and Henry 1969) -- were not 
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Fig. 6. Relationship between glucose tolerance and the 
logarithm of the plasma insulin at sixty minutes in al 

groups 

clinically present in these subjects and therefore cannot 
be evoked as the cause of the observed insulin resist- 
ance. 

Immunoreactive plasma insulin levels after glucose 
loading in the normal and diabetic subjects (Groups I 
and II) were similar to other reports (Yalow et al. 1965, 
Cerasi and Luft 1967a, Seltzer et al. 1967, Simpson 
et al. 1968). In contrast the individual plasma insulin 

responses of the Group I I I  subjects varied widely, nor- 
mal and typically diabetic patterns of insulin release 
being found in subjects with normal, diabetic or 
equivocal KG.X.~. values. Although all these subjects 
had mildly abnormal oral glucose tolerance, age did 
not  influence the pattern of insulin response to the 
glucose load (Reaven and Miller 1968, McKiddie et al. 
1969). 

By means of the combined intravenous glucose 
tolerance and insulin sensitivity test further separation 
of the subjects with doubtful oral glucose tolerance 
was possible. Within Group III ,  four subjects had 
normal intravenous glucose tolerance, insulin sensiti- 
vi ty  and plasma insulin levels and are considered to be 
non-diabetic. Seven subjects were diabetic by all crite- 
ria with abnormal plasma insulin responses, decreased 
insulin sensitivity and very low intravenous glucose 
tolerance. The remaining thirteen patients with XG.T.T. 
values greater than 1.00, had variable insulin sensitivi- 
ty  and both normal and abnormal plasma insulin re- 
sponses. No definite diagnosis can be made at this stage, 
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Fig. 7. Correlation between glucose tolerance (KG.T.~.) and 
insulin sensitivity (KI.T.~.) in all subjects 

and only long term follow up of these individuals will 
determine with any certainty their true diagnosis. 

The factors which lead to the onset of glucose 
intolerance in an individual are unknown. The close 
relationship between individual blood glucose and 
immunoreactive insulin levels after an intravenous glu- 
cose load is well established (Colwell and Lein 1967, 
Wahlberg 1966, Williams et al. 1966, Kahn et al. 1967, 
Seltzer et al. 1967, Boden et al. 1968) but  the depend- 
ence of overall glucose tolerance on the magnitude of 
insulin release is less clearly defined. Some of this con- 
fusion may have arisen because of the numerous meth- 
ods employed to interpret the magnitude of an insu- 
lin response (Seltzer et al. 1967, Perley and Kipnis 
1967, Bagdade et al. 1967, Cerasi and Luft 1967b). 
Thus Kahn & Associates (1967) reported that  
in 10 subjects intravenous glucose tolerance (Ka.~.T.) 
correlated with the early 10 rain insulin release in the 
same individual with varying dose levels of glucose. 
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However ,  these workers  were unable  to find any cor- 
re la t ion  be tween  KG.T.~. values  and  ear ly  insul in  
release in different  individuals .  This is a t  var iance  wi th  
other  repor ts  descr ibing a signif icant  correla t ion be- 
tween in t ravenous  glucose to lerance  and  ear ly  insul in 
release (Wahlberg  1966) and  in t eg ra t ed  oral  glucose 
to lerance  and  to t a l  insul in  release (McKiddie  et al. 
1969). Some of these  discrepancies  m a y  be due to the  
fact  t h a t  overal l  glucose to lerance  is p r o b a b l y  re la ted  
to  the  p a t t e r n  of insul in  secret ion ra the r  t h a n  the  ac tua l  
levels of p l a sma  insulin (Reaven and  Miller 1968). 

I n  the  p resen t  s tudy ,  glucose to lerance  (KG.T.T.) 
was pos i t ive ly  corre la ted  wi th  p l a sma  insul in levels a t  
five minu tes  and  nega t ive ly  cor re la ted  a t  s ix ty  minutes ,  
suggest ing t h a t  decreased glucose to lerance  is associat-  
ed wi th  an  a l te red  pat tern of insul in response to  a glu- 
cose load. However ,  a s ignif icant  corre la t ion be tween  
glucose to lerance  and  insul in sens i t iv i ty  in normals  and  
d iabet ics  was also observed.  H e a r d  and  H e n r y  (1969) 
found  in animals  a s imilar  posi t ive  re la t ionship  be- 
tween  insulin sens i t iv i ty  and  overal l  glucose tolerance,  
concluding t h a t  the  ra te  of in t r avenous  glucose decay  
was dependen t  on insul in sens i t iv i ty  and  was independ-  
ent  of the  levels of immunoreac t ive  insulin.  I n  m a n  i t  
has been shown t h a t  insul in sens i t iv i ty  also influences 
glucose to lerance  (Mart in  et al. 1968, Alford  et al. 1970). 
The demonstration in the present study of a direct 
relationship between glucose tolerance and insulin 
sensitivity indicates that the overall glucose tolerance 
of an ind iv idua l  is as much  dependen t  on the  insul in  
sens i t iv i ty  as on the  a m o u n t  of c i rcula t ing insulin.  The 
diagnosis  of " ea r ly"  d iabe tes  based  solely on the  pa t -  
t e rn  of the  insul in response to  a glucose load  should 
therefore  be v iewed wi th  suspicion. 

The diff icul ty  in d iagnos ing  "d iabe tes  mel l i tus"  in 
an ind iv idua l  from a mi ld  a b n o r m a l i t y  of oral  glucose 
to lerance  alone remains  (O'Sul l ivan and  Mahan  1968, 
Car ter  and  M a y n a r d  1970, Schwar tz  1968). As glucose 
to lerance  has  a un imodM d i s t r ibu t ion  (Hayner  et al. 
1965), one would  no t  expec t  a sharp  divis ion be tween  
a " n o r m a l "  and  an  " a b n o r m a l "  test .  The pos tu la t e  
that active treatment of a "potential" diabetic might 
de lay  the  onset  of is le t  cell fai lure and  over t  d iabe tes  
wi th  i ts  serious long t e rm  sequelae, is of considerable  
impor t ance  (Stowers 1966, M u r p h y  et al. 1969, l~ull et 
al. 1970). However ,  the  tes t ing  of such an hypothes i s  
mus t  depend  on the  ab i l i t y  to diagnose wi th  absolu te  
ce r t a in ty  an "ea r ly"  d iabe t ic  a b n o r m a l i t y  of glucose 
tolerance.  F r o m  the  presen t  s t u d y  i t  is ev iden t  t h a t  a 
confident  diagnosis  of d iabetes  mel l i tus  in pa t i en t s  wi th  
mi ld  abnormal i t i e s  of oral  glucose to lerance  alone can- 
no t  be made  readi ly .  
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