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Summary. Blood glucose and plasma insulin concentra- 
tions have beert measured in the fasting state and 15, 30, 
45, 60, 90 and 120 min after 50 g glucose administered 
orally to subjects tested in a similar manner 5 years pre- 
viously. -- As a result of the previous test the subjects had 
been divided into three groups : Group I -- normal glucose 
tolerance, no glucosuria; Group IX -- normal glucose 
tolerance and glucosuria; Group I I I  -- normal fasting 
blood sugar concentration, but  a failure of the blood sugar 
to return to the fasting level up to 120 rain after glucose. 
-- None of the subjects previously classified as normal 
(Group I), but  three (all previously obese) of Group I I  
and five (three previously obese) of Group I I I  had become 
diabetic. -- There was an increasing tendency to loss of 
weight the worse the glucose tolerance. For all subjects the 
weight change and change in the 120 rain blood glucose 

concentration gave a correlation coefficient of --0.47 
(p<0.01) .  Group I I I  subjects previously of normal 
weight gained weight (p < 0.02). -- I t  was concluded that  
obese subjects with defective initial rises in plasma insulin 
concentration following oral glucose were those most 
likely to develop diabetes. Some obese subjects with 
normal glucose tolerance, glucosuria and apparently 
normal early insulin rise were also prediabetic. -- The 
results suggested that  in the former, but  not the latter 
subjects, continued deterioration of the early insulin 
response was a factor in the emergence of diabetes, but  
due to the small numbers of subjects no definite conclusion 
could be reached on this point. 

Key words : Blood glucose, plasma insulin, prediabetes, 
diabetes, prospective survey, weight change. 

The changes in insulin release in response to oral 
glucose which precede the onset of diabetes remain 
controversial. A reduced and delayed release has been 
described in clinical diabetes [14], subclinical diabetes 
[11] and in "prediabetes"  [2]. However,  the character- 
isation of subjects with a strong family his tory of dia- 
betes, par t icular ly when this relates to an identical 
twin, as prediabetic has been questioned [10, 13]. 
Tattersal l  and P y k e  [13] have concluded tha t  the 
demonst ra t ion of defective insulin secretion in the 
unaffected twin of a diabetic cannot  be assumed to 
indicate t ha t  this is an  early feature of diabetes wi thout  
a follow up s tudy  showing the development  of diabetes. 
Other workers [6] have found increased insulin re- 
sponses to oral glucose in genetically determined poten- 
tial diabetics. Few investigations have a t t empted  to 
define the role of changes in plasma insulin in the onset 
of diabetes by  following individuals from a stage of 
normal  glucose tolerance to a later stage of frank dia- 
betes. As a result of largely chance observations a 
limited number  of subjects have been described with 
normal  insulin responses to oral glucose prior to the 
onset of diabetes [4, 3]. Danowski  et al. [3] found tha t  
in three of four subjects the insulin response increased 
when diabetes occurred. Johansen  [7] reported a case 
in which the insulin response fell with deterioration of 
glucose tolerance, whilst Fajans  et al. [8] have found no 
consistent relationship between changes in plasma in- 
sulin response and changes in glucose tolerance. 

I n  a previous s tudy  [5] the plasma insulin response 
was measured after 50 g glucose administered orally to 
three groups of subjects taken  from the populat ion of 

Arbroa th :  Group I - -  normal  glucose tolerance, no 
glucosuria;  Group I I  - -  normal  glucose tolerance and 
glucosuria; Group I I I  - -  normal  fasting blood sugar 
concentration,  bu t  a failure of the blood sugar to re- 
tu rn  to the fast ing level up to 120 rain after glucose. 
The blood glucose and plasma insulin concentrat ions 
observed in Group I I  were characterised by  an exag- 
gerated early rise and a tendency  to late hypogly-  
caemia. The non-obese subjects of Group I I I  showed a 
delay in the r i s e  of plasma insulin concentration. I n  
order to assess the relevance of these findings to the 
aetiology of diabetes mellitus, a repeat  of this s tudy  has 
been carried out  on the same individuals after an 
interval  of 5 years. 

Methods 

Tests on People of Arbroath. I n  1969-70 an a t t empt  
was made to  t race and retest all the individuals tested 
in 1964-65, [5]. The 50 g oral glucose tolerance tests 
were then carried out  after an  overnight  s tay  in 
hospital  and before rising. This was a modification of 
the 1964-65 tests, which were carried out  on ambulant  
subjects rested for 30 min in the out-pat ient  clinic. 
Venous blood samples were taken  for the determinat ion 
of glucose and insulin. None of the subjects had been 
t rea ted  either by  diet or drugs as a result of their pre- 
vious glucose tolerance and all were on a normal  diet 
containing more than  200 g of carbohydrate .  

Plasma Sam/pies. Blood was taken from an ante- 
cubital  vein. Two samples were taken fasting at  an 
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in te rva l  of five minu tes  pr ior  to  the  admin i s t r a t i on  of 
glucose;  t hen  single samples  were t aken  15, 30, 45, 60, 
90 and  120 min.  Glucose samples  were processed and  
s tored  as p rev ious ly  [5]. 

Blood  or P l a s m a  E s t i m a t i o n s .  Blood glucose and  
p l a sma  insul in  were measured  as p rev ious ly  describ-  
ed [5]. 

re tes ted ,  h a d  become diabet ic ,  or d ied  b y  the  1969-70 
inves t iga t ion .  The precise numbers ,  mean  age, sex 
ra t io ,  mean  ~o idea l  weight  and  mean  concen t ra t ion  of 
b lood glucose and  p l a sma  insul in in 1964-65 of those 
re t e s t ed  are  compared  wi th  the  r e l evan t  figures for the  
whole popu la t ion  tes ted  in 1964-65 in Table  2. F r o m  
th is  i t  m a y  be seen t h a t  the  sample  of the  or iginal  s t u d y  

Table 1. Recovery of subjects originally  investigated in  1964-65 in  t he  5 year fo l low up  invest igation 

1964-1965 1969-1970 

Group Number  Retes ted or Did not  a t tend Deaths Cause of death 
diabetic 

I 
Normal  
I I  
Normal 
Glucosurie 
I I I  
Delayed Return  

Total  

27 16 9 2 

25 16 6 3 

26 12 9 5 

78 44 24 10 

1 coronary; 1 pulmonary embolism 

3 coronaries 

1 coronary; 1 carcinoma stomach, 
3 unknown 

Table 2. Comparison of mean  results of  G T T '  s in  all subjects in  the 1964-65 s tudy with  mean results in  1964-65 ( in  italics) 
of those subjects who were retested i n  1969-70 

Group No. of Mean Sex Mean ~o Substance measured 
people Age (M :F) ideal 

(yr.) weight 

Concentration and t ime after glucose ad- 
minis t ra t ion 

0 30 60 90 120 
min rain rain min rain 

Normal 14 40 10:4 98 Blood glucose 65 91 72 60 58 
non-obese (nag per 100 nal) 66 92 74 62 61 

8 42 5 : 3 98 Plasma insulin 20 55 44 33 25 
(micro units per nal) 19 57 36 24 26 

Normal 13 48 10:3 123 Blood glucose 68 106 92 83 63 
obese (rag 100 nal) 67 111 78 76 65 

8 48 5 : 3 122 Plasma insulin 27 74 65 58 38 
(micro units per nal) 26 72 63 45 34 

Normal  10 48 10 : 0 101 Blood glucose 66 108 84 60 49 
glucosuric (rag per 100 nal) 67 107 83 53 46 
non-obese 6 47 6 : 0 100 Plasma insulin 27 88 72 42 31 

(micro units per nal) 28 105 88 44 34 

Normal 15 47 15:0 127 Blood glucose 67 108 112 78 58 
glucosuric (nag per 100 nal) 66 112 113 79 57 
obese 10 46 10 : 0 128 Plasma insulin 28 89 94 64 32 

(micro units per nal) 30 94 99 68 30 

Delayed 14 46 5:9 95 Blood glucose 66 104 117 107 93 
re turn  (nag per 100 ml) 68 110 114 102 90 
non-obese 8 36 3 : 5 96 Plasma insulin 18 42 46 48 42 

(micro units per  nal) 20 41 42 40 34 

Delayed 12 57 4:8 127 Blood glucose 62 112 111 103 89 
return (nag per 100 ml) 64 117 116 116 89 
obese 4 58 1 : 3  124 Plasma insulin 28 61 61 57 56 

(micro units per nal) 26 50 6 2  87 69 

Results 

Recovery  Subjec ts .  Table  1 shows the  n u m b e r  and  
d i s t r ibu t ion  of subjec ts  a t t end ing  the  1964-65 and  
1969-70 inves t iga t ions  and  the  n u m b e r  and  causes of 
deaths .  69% of the  subjec ts  t e s t ed  in 1964-65 were 

which was ava i lab le  for re tes t ing  in 1969-70 was 
reasonab ly  rep resen ta t ive  of the  popu la t ion  s tud ied  in 
1964-65. As in the  previous  s tudy ,  all  the  no rma l  glu- 
cosurio subjects  were male.  No effect of sex on the  re- 
sults of glucose to lerance  and  changes in insul in con- 
cen t ra t ion  were de tec ted  previously .  M u c h  la rger  



W.T. Strauss and C.N. Hales: Plasma Insulin in Abnormalities of Glucose Tolerance 239 

groups of subjects would be required to determine 
whether sex influenced the degree and type of change 
observed over the five year period of this study. 

Changes after 5 Years: Glucose Tolerance. Fig. 1 
shows the mean blood glucose and plasma insulin con- 
eentrations of the individuals tested both in 1964-65 
and 1969-70, divided into obese and non-obese sub- 
jects and groups according to their classification in 
1964-65. The statistical analysis of these results is 
presented in Table 3. On average, all the glucose 
tolerances had become worse over the 5 year period as 
judged by absolute values and in relation to the time 
taken to return to the fasting level. The tendency was 
most marked in previously obese subjects with "de- 
layed return".  The fasting blood glucose concentration 
had increased in all groups, the increases ranging from 
8 rag/100 ml in the normal non-obese to 26 rag/100 in 
the delayed return, obese group. Although the blood 
glucose was measured by the same method on both 
occasions, it is impossible to rule out the occurrence of 
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Fig. i. Mean blood glucose and plasma insulin concentra- 
tions during 50 g oral glucose tolerance tests carried out in 
1964-65 compared with the results of similar tests carried 
out in the same individuals in 1969-70. The statistical 

analysis of the results is given in Table 3 

a small, systematic difference in the estimation of blood 
glucose between the two studies. The reasons for be- 
lieving that  the increases in blood glucose were mainly 
if not entirely accounted for by  a deterioration of glu- 
cose tolerance were as follows: the increases in fasting 
glucose were not uniform, but  least in the normal and 
most in the delayed return groups and were greater in 
the obese than the non-obese in all groups; glucose 
tolerance is known to deteriorate with increasing age; 
the shape of the glucose tolerance curve with closely 
parallel increases in insulin concentration are further 
evidence that  glucose tolerance had deteriorated even 
in the normal, non-obese group. The degree of deter- 
ioration of glucose tolerance has been assessed in three 
different ways: production of "diabetes" according to 
various criteria (Table 4): increase in the area under 
the glucose curve and increase in the 120 rain glucose 
concentration. Taking the first three most stringent 
criteria as indicating diabetes (clinical diabetes; blood 
glucose concentration at t20 m i n >  120 mg/ml and 
either or both the concentrations at  90 min > 140 rag/ 
100 ml and at 60 m i n >  160 rag/100 ml) none of the 
subjects classified as normal in 1964-65 had become 
diabetic, but three (all previously obese) classified as 
delayed return had done so. The complete analysis of 
the transitions in classification which occurred between 
the two studies is shown in Fig. 2. The deterioration in 
glucose tolerance expressed either as increase in the 
area under the glucose curve or as increase in the 
120 min blood glucose concentration is given in Table 5. 
Most of the groups showed a significant increase in the 
area under the glucose curve, but  there was no signifi- 
cant increase in the 120 rain blood glucose concentra- 
tion in the normal groups. 

Weight. The mean weight changes which occurred 
over the five year period between the two investiga- 
tions are shown in Fig. 3. Of the subjects who were 
obese (1964-65) both the normal glucosuric and de- 
layed return groups, on average, lost weight to a signi- 
ficant degree (p <0.05).  The only other significant 
mean. weight change recorded was in the non-obese 
subjects with delayed return, who gained weight (p < 
0.02). 

Plasma Insulin. In  parallel with the higher and 
more prolonged elevation of the glucose tolerance curve 
in 1969-70 the obese and non-obese subjects who were 
normal in 1964-65 showed higher and more prolonged 
elevations of plasma insulin concentration in 1969-70. 
The area under the insulin curve was significantly in- 
creased in the non-obese (p <0.001) and obese (p < 
0.025) groups and the 30 rain insulin concentration was 
significantly raised in the non-obese group (p < 0.05). 
The non-obese subjects who were 'normal glucosuric' 
in 1964-65 continued to show a rapid high rise in plasma 
insulin in 1969-70, whereas the members of this group 
who were obese in 1964-65 no longer showed a rise in 
excess of the normal obese subjects. The response of 
the latter had increased, whilst that  of the former had, 
if anything, slightly decreased. There was little change 
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Table 3. Comparison of results 1 of GTT's  in 1964-65 with those of same subjects tested in 1969-70 (in italics) 

Group No. of Substance 
People measured 

Concentration and t ime after glucose administration 

0 15 30 45 60 90 120 
rain rain rain rain rain rain rain 

Normal 8 Blood glucose 66 • 3 92-4- 6 74 ~= 5 62 4. 6 
non-obese (rag per 100 ml) 74• 1094.7 144-4-10 b 1314.11 1234-14 b 93•  

Plasma insulin 194-2 5 7 •  364.5 2 4 •  
(microunits per ml) 174.1 504.7 764-12 644-9 72•  b 424.9 

Normal 8 Blood glucose 674.2 111~:4 784-4 764-3 
obese (rag per 100 ml) 81=]::2 e 1064-6 143=f=10 a 1474.10 1354-12 b 944.11 

Plasma insulin 264.8 724.8 634.10 454-6 
(microunits per ml) 184-2 54-V6 994.18 92.510 894.13 524-8 

Normal 6 Blood glucose 674- 3 1074- 8 83.5 8 53 4. 4 
glucosuric (rag per 100 ml) 764.2~ 994.7 1274.8 1244.13 1154.12 904-10 a 
non-obese Plasma insulin 28 4. 3 1054- 28 88 4-16 44 4- 6 

(microunits per ml) 19.53 674-33 1194.47 1204.48 1034-39 514-11 

Normal 10 Blood glucose 664-3 1124-7 1134-7 79•  
glucosuric (mgper  100ml) 85~3  b 1114-8 1434-12 ~ 1514-15 1374-11 1164-10 a 
obese Plasma insulin 304-4 944-13 994-12 68q- 14 

(mierounits per ml) 214.2 d24.6 724.13 84• 794.17 614.7 

Delayed 8 Blood glucose 684-2 1104.5 1144-9 102.59 
return (rag per 100 ml) 814-4a 1074.7 1334.8 a 1294.10 1364-14 1274-14 
non-obese Plasma insulin 20.5 3 41 4- 4 424- 5 40 • 4 

(microunits per ml) 19-52 324.5 454-4 414-8 644-21 514-8 

Delayed 4 Blood glucose 64.57 117• 116• 1164-6 
return (mgper  100ml) 90•  127~9 1684-11 a 1934-12 209--11 ~ 180•  b 
obese Plasma insulin 26 4-1 50 4. 4 62 4- 8 87 4- 6 

(microunits per ml) 25:J:1 354-7 514-16 514-12 784.24 904-31 

6 1 •  
59_s 
264.5 
284.5 

654.1 
694-7 
3 4 •  
274-2 

464-5 
694-7 a 
344-3 
31-4-8 

5 7 •  
92•  10 b 
304-4 
41.57 

904.6 
924.10 
344.4 
364-5 

894-9 
1394.12a 

694.14 
564.11 

1 Quoted as means 4- S.E.M. 
a P < 0.05 
b ~P(  0.01 
e p < 0.001. 

Table 4. Appearance of "diabetes" according to various criteria over the 5 year follow up period 

Number of subjects 

1964-65 classification Normal Normal glucosuric Delayed return 
:No. of subjects 16 16 12 

Criteria of diabetes 
l. Clinical diabetes 0 
2. By blood glucose concentration (rag/100 ml) at various times 

after oral glucose: 
a) 120 m i n ~  120; 90 r a i n >  140; 60 r a i n >  160 0 1 
b) 120 rain > 120 and either 90 rain > 140 or 60 rain > 160 0 1 
e) any 2 concentrations > 160 2 2 
d) any 1 concentration > 160 3 0 
"Normal" 11 11 

1 (oral treatment) 1 (ketotic) 

3 
1 
2 
2 
3 

Table 5. Deterioration of glucose tolerance over the 5 year follow up period in the Arbroath subjects tested 

Classification in 1964-- 1965 

Criteria Normal Normal glucosuric Delayed return 

non obese (8) obese (7) non obese (6) obese (9) non obese (7) obese (4) 

Change in area under the 
glucose curves (arbitrary 
units) 29.8• b 20.14-9.4 16.3:h5.0 a 12.44-6.8 8.44-7.7 

Increase in 120 rain blood 
glucose concentration --0.94-7.5 2.9• 33.64.7.8 b 22.7~7.8 a 3.44.11.6 

Results expressed as mean 4- S.E.M. of the differences calculated for each individual. 
The numbers of individuals tested are indicated in parenthesis. 
The significance of the mean change was calculated by the paired t-test and is expressed as a, p ~ 0.05; b, • ~ 0.01. 

42.3:L6.3~ 

49.3=[=7,9 b 
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in the plasma insulin concentration of the subjects 
with delayed return, whether they were obese or non- 
obese in 1964-65, although the increase in the area 
under the insulin curve of the non-0bese group was 
significant (p < 0.05). 

_ ~ . _ _ _ , _ , . , . ~  
NORMAL (16) ~ NORMAL (6) 

NORMAL GLUCOSURIC (5) 

DELAYED RETURN (3) 

NORMAL ~ NORMAL (1) 
GLUCOSURIC(16) ~ NORMALOLUCOSURIC (7) 

DELAYED RETURN (5) 
DIABETIC (3) 

DELAYED RETURN (12) < 

NORMAL (2) 

NORMAL GLUCOSURIC (3) 

DELAYED RETURN (2) 

DIABETIC (5) 

Fig. 2. Change in classification of results of oral glucose 
tolerance tests from that in 1964-65 (on left) to that  in 
1969-70 (on right). The thickness of the arrows is propor- 
tional to the percentage of the group undergoing any 
particular change, the absolute numbers are given in 

parenthesis. For definition of groups see text 

~ I 

NORMAL NORMAL DELAYED 
GLUCOSURIC RETURN 

v 
& 

~ - 

-lOJ [ ] non obese 
~ obese 

Fig. 3. Mean :k S.E.M. weight changes observed over the 
five year follow up period plotted according to the classifi- 

cation of the subjects in 1964-65 

Discussion 

Reproducibility of Previous Findings 
The pat tern of observations remained remarkably 

consistent between the two studies, lending support to 
their general significance. Non-obese subjects with 
normal glucose tolerance and glucosuria continued to 
show an exaggerated, early rise in plasma insulin con- 
centration following oral glucose, despite venous plas- 
ma glucose concentrations somewhat lower than the 
normal subjects. The plasma insulin response to oral 
glucose in subjects showing delayed return of the 
plasma glucose to the fasting concentration was again 
found to be delayed and sustained. 

Aetiology of Diabetes. 1. Definition of diabetes. A 
number of different criteria are used currently for the 
arbi trary definition of "diabetes" from the results of an 
oral glucose tolerance test. Most of these criteria place 
greatest emphasis on the blood glucose concentrations 
towards the end of the test. From the results in 
Tables r and 5 it can be seen tha t  this emphasis could 
also be justified in terms of the present study, since it 
gave the clearest subsequent separation between, pre- 
viously normal and abnormal subjects. The present re- 
sults show that  an increase in the area under the glu- 
cose curve and an increase in the 120 min blood glu- 
cose concentration are not different ways of expressing 
the same deterioration of glucose tolerance. These two 
indices were significantly positively correlated (2 < 
0.05) only in the normal subjects, but  were negatively, 
although insignificantly, correlated in the subjects 
with delayed return. 

2. Role of obesity. Obesity is associated with in- 
sulin resistance. One possible cause for the appearance 
of diabetes over the 5 year follow-up period of this 
s tudy would be excessive weight gain. If  the weight 
changes over the 5 year interval were calculated ac- 
cording to the glucose tolerance in 1969-70 (Fig. 4) 
exactly the opposite was observed. There was an in- 
creasing tendency to loss of weight the worse the glu- 
cose tolerance, the mean weight loss being significant 
in the obese diabetic group ( <  0.05). Further  support 
for this relationship of weight change and glucose 
tolerance was obtained when the results of all the sub- 
jects were tested for a correlation between weight 
change and change in the 120 rain blood glucose con- 
ceutration. In  every group, obese or non-obese, the 
correlation was negative and the pooled results gave a 
correlation coefficient of --0.47 (p<0.01) .  Subjects 
who were non-obese and showed delayed return of the 
blood glucose concentration in 1964-65 uniformly 
gained weight and showed a significant increase in the 
area under the plasma insulin curve. This finding is of 
considerable interest in relation to the connection be- 
tween obesity and diabetes. Several years ago, Seltzer 
et al. [12] drew attention to symptomatic,  spontaneous 
hypoglycaemia as an early manifestation of diabetes. 
From this, they also deduced the delayed rise of plas- 
ma insulin concentration after oral glucose, which is 
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now recognised to be commonly associated with dia- 
betes. They argued tha t  hyperinsulinism late in the 
glucose tolerance could lead to hypoglycaemia. Our 
previous results [5] have shown tha t  this pat tern  of 
insulin release may  be found in non-diabetics, without 
a strong family history of diabetes, by  selecting 
individuals with what  we have defined as "delayed 
return" in their glucose tolerance�9 This pat tern  of in- 
sulin release might have important  effects on such non- 
diabetic, non-obese individuals. Hypoglycaemia is even 
more likely in this situation and might lead to in- 
creased appetite, increased carbohydrate intake and 
weight gain. Thus a lag i u insulin secretion in a normal 
person could predispose to obesity. The frequently ob- 
served connection between obesity and diabetes may  
not, therefore, only reflect the decreased insulin sensi- 
t ivity due to obesity, but  may  also be the result of an 
identical and predisposing abnormal i ty  of insulin re- 
lease. 

NORMAL NORMAL  DELAYED DIABETIC 
GLucOSuRIC RETURN 

o )  

10 

0 

- 5  

[ • ]  non-obese 

~ obese 

-10 

Fig. 4. Mean • S.E.M. weight changes observed over the 
five year follow up period plotted according to the classifi- 

cation of the subjects in 1969-70 

3. Plasma insulin. Most studies a t tempting to 
define changes in plasma insulin concentration in pre- 
diabetes have used individuals genetically predisposed 
to diabetes. The validity of this approach has been 
questioned [10]. As far as we are aware, no previous 
a t t empt  has been made to s tudy a sample of a normal 
population prospectively to determine the pat tern  of 
changes in plasma insulin concentration after oral glu- 
cose which occur in individuals prior to the onset of 
diabetes�9 I t  has been suggested tha t  prediabetics have 
a (genetically determined) delayed rise in plasma in- 

sulin in response to glucose [2]. The results of the pre- 
sent s tudy show that  individuals with this type of in- 
sulin secretion are indeed those most likely to develop 
diabetes later. There was a highly negative correlation 
coefficient of 0.93 (0.1 ~ p  ~ 0.05) between the 1964-65 
30 rain insulin: glucose ratio and the increase in 120 
min blood glucose concentration after 5 years in the 
obese subjects with delayed return. Furthermore,  the 
only individual to develop severe ketotic diabetes 
during the five year follow up period had in 1964- 
65 the flattest insulin response of all the 78 subjects 
tested (Fig. 5). I t  must be recognised tha t  there is a 
certain inevitability about  this finding which is the  
result of the definition of diabetes. We have shown that  
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Minutes after glucose administration 
Fig. 5. Results of serial 50 g oral glucose tolerance tests on 
the one subject studied in 1964-65 who subsequently 
developed diabetic ketosis (1969). o . . . . . . . . . .  o results in 
1962, @ �9 results in 1964, �9 �9 results in 

1969 

people with delayed return have a lag in insulin output  
as judged by  insulin concentration in peripheral plas- 
ma. Since the commonest definition of mild diabetes 
could be termed "severe delayed return" and since 
glucose tolerance deteriorates with ageing, it is inevi- 
table that  the delayed return group should produce 
"diabetes" in time�9 Diabetes however does not arise 
exclusively from subjects with this defect. Diabetes, 
both clinical and asymptomatic,  arose from the obese 
"normal glucosuric" subjects, who ~ppear to have nor- 
mal or supranormal initial insulin responses in corn- 
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parisons with the obese normal subjects. The initial in- 
sulin response was not, however, higher than that of 
the non-obese glucosuric subjects, as might have been 
expected as a result of their obesity. Elevated insulin 
responses to oral glucose in genetic renal glucosuria 
have been described by Luyckx and Lefebvre [9], but 
the status of renal glucosuria as a prediabetic pheno- 
menon remains controversial. In  a five year follow up 
study, the Birmingham Diabetes Survey Working 
Par ty  [i] reported that renal glucosuria was an in- 
nocent peculiarity, but that  "lag storage" curves were 
converted in a significant number to a diabetic ab- 
normality. I t  is likely that  the normal glucosurics of 
the present study resemble the Birmingham "lag 
storage" group, since they showed elevated venous 
blood glucose concentrations 30--60 min after glucose 
and it is likely that their capillary glucose concentra- 
tions (as measured in the Birmingham survey) would 
have been considerably higher. For the same reason 
the statement that  their insulin response was normal 
or supranormal must be qualified by the lack of infor- 
mation concerning the arterial glucose concentration 
and its relationship to the insulin response. I t  remains 
possible that the normal glucosuric subjects had an 
insulin response which was low relative to very high 
arterial glucose concentrations. 

If  the main factor determining the deterioration of 
glucose tolerance was deterioration of the capacity for 
insulin secretion rather than a constant defect of secre- 
tion on a background of changing sensitivity, then the 
change in insulin release over the five year period 
might be more important than the initial pattern of 
insulin release in 1964-65. The five year changes in in- 
sulin release for all subjects were expressed as changes 
in the absolute concentration at 30 min, or changes in 
the 30 rain insulin: glucose ratio, or changes in the area 
under the insulin curve. The obese subjects with de- 
layed return showed the highest correlation coefficient 
(--0.84) between the changes in the 30 rain insulin con- 
centration and that  in the 120 min glucose concentra- 
tion over the 5 year period. This suggested that further 
deterioration of the early insulin response to glucose 
could only have been an important factor determining 
the loss of glucose tolerance in this group. The small 
number of subjects in this group prevents a definite 
conclusion on this mechanism as it relates to the obese 
subjects with delayed return. Otherwise, neither this 
index nor any of the other indices of deterioration of 
insulin production were highly correlated with the 
deterioration of glucose tolerance in any group (as 
judged by an increase in the glucose concentration at 
120 min). 

No satisfactory index of insulin sensitivity can be 
derived from the present results. The possible role of 
insulin resistance was assessed by assuming that a high 
insulin concentration at 120 rain in the first test re- 
flected a poor response to endogenous insulin. A 
significant (p < 0.01) positive correlation between this 
value and the 5 year change in the glucose concentra- 

tion at 120 min was found in the obese normal glu- 
cosnric subjects. This finding is consistent with in- 
sulin resistance being more important than insulin 
deficiency in determining the deterioration of glucose 
tolerance in this group. 
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