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Summary Risk factors predicting deterioration to 
diabetes mellitus were examined in 181 subjects with 
impaired glucose tolerance. Fifty-seven subjects had 
impaired glucose tolerance on one occasion followed 
by normal glucose tolerance at a repeat oral glucose 
tolerance test, and 124 subjects had impaired glucose 
tolerance on two successive oral glucose tolerance 
tests. Subjects were followed for a median period of 
5.0 years (range 1.0-17.2). The age- and sex-adjusted 
cumulative incidence of diabetes at 10 years of fol- 
low-up was higher in subjects who had impaired glu- 
cose tolerance on both tests (70 %) than in those 
whose glucose tolerance was normal at the repeat 
test (53 %), [rate ratio (RR)=  1.6, 95 % confidence 
intervals (CI)= 1.0-2.5]. Proportional hazards ana- 
lyses were used to identify baseline risk factors 
(measured at the repeat oral glucose tolerance test) 
for subsequent diabetes, and incidence rate ratios 
were calculated for the 90th percentile compared 
with the 10th percentile of each continuous variable 
for the whole group. In all subjects, in separate mod- 
els, higher body mass index [RR=2.0 ,  95% 

CI = 2.2-9.9], high fasting serum insulin concentra- 
tions [RR = 2.4, 95 % CI = 1.4-4.2], and low early in- 
sulin response [RR = 0.5, 95 % CI = 0.3-0.8] 30 rain 
after a glucose load were significant predictors for de- 
terioration to diabetes. In a multivariate analysis 
which controlled for age and sex, 120-rain post-load 
glucose, fasting insulin and late insulin response pre- 
dicted diabetes. In subgroup analyses the predictors 
of diabetes were generally similar in subjects who 
had impaired glucose tolerance at only one test and 
those who had impaired glucose tolerance on both 
tests. These findings suggest that in those subjects 
with impaired glucose tolerance whose glucose toler- 
ance has returned to normal, the risk of subsequent 
diabetes is high. Insulin resistance, impaired early in- 
sulin response, or both, are predictive of subsequent 
development of diabetes in Pima Indians with im- 
paired glucose tolerance. [Diabetologia (1995) 38: 
187-1921 
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Previous studies in Pima Indians and other popula- 
tions have shown that subjects with impaired glucose 
tolerance (IGT), defined on the basis of a single oral 
glucose tolerance test (OGTT), are at high risk for 
subsequent diabetes mellitus [1, 2], and that this risk 
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is considerably lower in subjects in whom IGT is tran- 
sient [3]. Subjects with IGT are also at increased risk 
of macrovascular disease [1, 4]. Whether excess risk 
of macrovascular disease is also shared by subjects in 
whom IGT is transient is unknown. Obesity and high- 
er fasting and lower 120-rain serum insulin levels fol- 
lowing an oral glucose load are risk factors for subse- 
quent diabetes in Pima Indians with IGT [2]. A com- 
parison of the early and late insulin responses as pre- 
dictors of diabetes in Pima Indians has not been pub- 
lished previously. 

In the present study we have identified two groups 
of subjects with IGT: (i) those who had IGT on two 
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consecu t ive  examina t ions ,  and  ( i i ) t h o s e  who  had  
I G T  at one  e x a m i n a t i o n  but  n o r m a l  g lucose  toler-  
ance  ( N G T )  at  the  second.  

T h e  a ims of  this inves t iga t ion  were:  
(i) to ident i fy  risk fac tors  for  p rogress ion  to d iabe tes  
in these  two I G T  groups,  wi th  pa r t i cu la r  emphas i s  
on the  ear ly  and  the  la te  insulin r e s pons e  dur ing the  
O G T T  
(ii) to see if the  r isk fac tors  for  d iabe tes  differ  be-  
t w e e n  the  two  groups.  

Subjects, materials and methods 

Subjects have been studied in an ongoing epidemiologic study 
of non-insulin-dependent diabetes (NIDDM) among the 
Pima Indian residents in the Gila River Indian Community in 
Central Arizona. Subjects are examined biennially from age 
5 years, including a medical history and physical examination 
[5]. The subjects also undergo a modified OGTT, with venous 
plasma collected at fasting and at 120 min after a 75-g carbohy- 
drate load. The diagnosis of diabetes (120-min plasma glucose 
_> 11.1 mmol/1) and of IGT (120-min plasma glucose _> 7.8 
but < 11.1 mmol/1) was made by World Health Organisation 
(WHO) criteria [6]. Subjects in whom the 120-rain plasma glu- 
cose is more than 8.9 mmol/1 and less than 11.1 mmol/1 are re- 
quested to return for a repeat OGTT. At that time blood is col- 
lected after an overnight fast and at 30, 60 and 120 rain after 
the glucose load. 

This study includes subjects who had a repeat OGTT be- 
tween February 1973 and June 1986. We have presented data 
during this period because insulin assays were performed us- 
ing a single method. As one of the main aims of the study was 
to compare early and late insulin response, data are presented 
only from those subjects in whom results of 30- and 120-min 
post-load insulin concentrations were available. All subjects, 
with no previous known glucose tolerance abnormality were 
selected at the time when they were first noted to have IGT, 
and then subsequently underwent a repeat examination. 

A repeat OGTT was performed on 213 subjects with IGT. 
Follow-up data were available for 181 subjects. IGTon two con- 
secutive tests was identified in 124 subjects and IGTon the first 
but NGT on the second test was identified in 57 subjects. The 
median duration between the two OGTTs was 49 days (range 
9M69) for those who had IGTon both tests and 56 days (range 
14-371) in those who had IGTon the first but not on the second 
test. These subjects were followed-up for the subsequent devel- 
opment of diabetes. The period of risk started from the day of 
the repeat OGTT. The end point of the study was either the de- 
velopment of diabetes or the last biennial examination for those 
who did not develop diabetes. Plasma glucose was measured by 
the modified method of Hoffman [7]. Serum insulin concentra- 
tions measured by radioimmunoassay using a double antibody 
method [8] with an interassay CV of 6-8 %, were reported in 
~U/ml and converted to pmol/1 (1 ~U/ml = 6.0 pmol/1). 

Statistical analysis 

Glucose and insulin concentrations were approximately log- 
normally distributed so their logarithms were used in statisti- 
cal analysis. Insulin responses were defined as the post-load in- 
sulin concentrations relative to the fasting insulin concentra- 
tions. Thus, the "early insulin response" during the OGTT was 
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expressed as the ratio of the 30-rain to fasting insulin concen- 
trations and the "late insulin response" as the ratio of the 120- 
min to fasting insulin concentrations. The natural logarithms 
of these ratios were used to normalise their distributions. The 
effects of baseline risk factors, i.e. risk factors measured at 
the time of the repeat OGTT, on the subsequent development 
of diabetes were analysed by Cox's proportional hazards ana- 
lysis [9]. Age, body mass index, fasting and post-load plasma 
glucose, fasting and post-load insulin concentrations, and ear- 
ly and late insulin responses, were examined for their ability 
to predict subsequent diabetes. Variables were tested individu- 
ally to identify those predictive of diabetes, and also in a step- 
wise model with age and sex forced into the model. 

The cumulative incidence of diabetes, adjusted for age and 
sex, was calculated in each group from the survival function es- 
timate derived from the proportional hazards model. Cumula- 
tive incidence of diabetes was also calculated according to ear- 
ly and late insulin response using separate proportional haz- 
ards models. Both early and late insulin responses were first 
adjusted for 120-rain plasma glucose by linear regression. Sub- 
jects whose insulin responses were above that predicted were 
arbitrarily defined as those with high insulin responses while 
those with insulin responses below that predicted as those 
with low insulin response. In models including subjects who 
had IGT on only one test and those who had IGT on both 
tests, interaction terms were used to assess whether risk fac- 
tors for predicting diabetes differed between the two groups. 
Rate ratios (RR) are shown comparing 90th with the 10th per- 
centile of continuous variables. 

Results 

Clinical detai ls  of  subjects  at the  first and  at the  re-  
p e a t  O G T T  for  b o t h  I G T  groups  are  shown in Ta- 
ble 1. Subjects  who  had  I G T o n  one  test  only  were  sig- 
nif icant ly y o u n g e r  and  had  lower  120-min p l a s m a  glu- 
cose  t han  subjects  wi th  I G T o n  b o t h  tests. Fast ing and  
120-min insulin concen t ra t ions  were  similar  in the 
two groups.  In  subjects  who  had  I G T  on  one  test,  the 
b o d y  mass  index did not  differ  subs tant ia l ly  b e t w e e n  
the  two examinat ions ,  bu t  as expec ted ,  i nhe ren t  in 
the  se lec t ion  cri teria,  120-min glucose  concen t ra -  
t ions we re  lower  a t  the  r e p e a t  examina t ion ,  as were  
the  fast ing glucose concent ra t ions .  Subjects  in this 
g roup  also had  signif icantly lower  120-rain, bu t  not  
fasting,  s e r u m  insulin concen t ra t ions  at  the  r e p e a t  ex- 
amina t ion .  S e r u m  choles te ro l  concen t ra t ions  were  
also significantly lower  at the  r e p e a t  e x a m i n a t i o n  in 
this group.  

In  subjects  with I G T o n  b o t h  tests, fas t ing and  120- 
min  g lucose  concen t ra t ions  were  bo th  significantly 
lower  at  the  r e p e a t  O G T T .  These  changes  in p l a s m a  
glucose  were  a c c o m p a n i e d  by  significant lower ing  of  
fast ing insulin but  not  of  120-min insulin concen t ra -  
tions. These  was little change  in the  s e r u m  choles ter-  
ol concen t r a t i on  f r o m  first to the  second  test  in these  
subjects. 

In  all subjects,  fas t ing insulin concen t ra t ions  m e a -  
su red  at the r e p e a t  O G T T w e r e  significantly and  pos-  
i t ively co r re l a t ed  with  30-min (r s = 0.53, p = 0.0001), 
60-min (is = 0.57, p = 0.0001) and  120-min (r s = 0.47, 
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Table 1. Clinical characteristics of subjects with impaired glucose tolerance (IGT) 
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Variables IGT on one test (n = 57) IGT on both tests (n = 124) 

First OGTT Repeat OGTT First OGTT Repeat OGTT 

Age (years) 
Body mass index (kg/m 2) 
Systolic blood pressure (ram Hg) 
Diastolic blood pressure (mmHg) 
Total cholesterol (retool/l) 
Fasting glucose (retool/l) 
30-• glucose (mmol/1) 
60-• glucose (mmol/1) 
120-• glucose (mmol/1) 
Fasting insulin (pmol/1) 
30-min insulin (pmol/1) 
60-• insulin (pmol/1) 
120-• insulin (pmol/1) 
Early insulin response 
Late insulin response 

30.3(13.2,51.4) 34.8(16.7,60.3) a 
33.2• 33.4• 34.7• 34.7• 
119• - 123• - 
74• - 74• - 
4.5• 4.3• c 4.3• 4.2• 
5.7• 5.4• c 5.9• 5.7• c 
- 8.6• - 9.4• 
- 9 . 1 •  - 1 0 . 9 •  

9.5• 6.6k0.9 b 9.8• ~ 9.4m0.9 r 
249 (102,471) 222 (108,463) 255 (102,458) 210(110,408) c 
- 918 (406,2360) - 879 (465,2058) 
- 1215 (601,2809) - 1140 (588-2685) 
1620 (672,4299) 960 (258,2100) r 1434 (684-3043) 1374 (576,2856) 
- 1.5(0.9,2.4) - 1.4(0.9,2.2) 
2.0(1.4,2.6) 1.6(0.7,2.1) ~ 1.8(1.0,2.5) 1.9(1.1,2.9) 

Variables are given as mean + SD or median (10th, 90th per- 
centile) 
Significance of difference between variables at two oral glu- 
cose tolerance tests (OGTT) was analysed by Students' paired 

t-test for normally distributed data and by Wilcoxon's rank 
sum test for non-normally distributed data. 
a p < 0.05, significantly different from IGT on one test; 
b differed from first OGTT by definition; 

p < 0.001 significantly different from first OGTT 

Table 2. Predictors of subsequent development of diabetes in subjects with IGT 

Variables IGT on one test IGT on both tests All subjects 

Separate models a Rate Ratios (95 % confidence intervals) b 

Age 1.3 (0.7-2.1) 
Sex 1.6 (1.0-2.5) 
Body mass index 2.0 (1.2-3.2) 
Fasting glucose 2.1 (1.2-3.5) 
30-min glucose 2.8 (1.6-5.2) 
60-min glucose 4.2 (2.1-8.5) 
120-• glucose 2.7 (1.5.4.9) 
Fasting serum insulin 2.4 (1.4-4.2) 
30-min insulin 1.1 (0.6-1.9) 
60-min insulin 1.2 (0.7-2.1) 
120-min insulin 1.6 (1.0-2.6) 
Early insulin response 0.5 (0.3-0.8) 
Late insulin response 0.9 (0.5-1.5) 

4.9 (1.5-15.6) 1.4 (0.8-2.6) 
1.8 (0.7- 4.3) 1.6 (0.9-2.7) 
4.7 (2.2- 9.9) 1.5 (0.8-2.9) 
1.7 (0.5- 5.9) 1.8 (1.1-3.0) 
2.5 (0.7- 9.1) 2.3 (1.2-4.5) 
3.6 (0.8-t6.8) 2.8 (1.4-5.8) 
2.1 (0.6- 6.6) 2.5 (1.2-5.4) 
4.6 (1.2-17.2) 2.3 (1.2-4.6) 
0,9 (0.2- 4.5) 0.9 (0.5-1.8) 
1.3 (0.4- 4.8) 1.2 (0.6-2.2) 
2.7 (0.%10.3) 1.1 (0.5-2.0) 
0.2 (0.1- 0.9) 0.5 (0.3-0.8) 
0.9 (0.4- 2.1) 0.4 (0.2q).9) 

a Age and sex included in each separate model. Because of missing data, the numbers included in each model varied; b Rate ratios 
(95 % CI) are shown comparing the 90th percentile with the 10th percentile 

p = 0.0001) insulin concentrat ions ,  bu t  were  negat ive-  
ly cor re la ted  with bo th  ear ly  (r S = - 0.38, p = 0.0001) 
and late (rs = - 0.25, p = 0.001) insulin response.  

O f  124 subjects who  had I G T  on bo th  tests, 75 
(60 %)  deve loped  diabetes  af ter  a med i an  fol low up 
of 5.0 years  ( range 1.0-17.2), 34 (27 %)  con t inued  to 
have  IGT,  and 15 (12 %)  r eve r t ed  to NGT.  In sub- 
jects with I G T  on one  test, 25 (44 %)  deve loped  dia- 
betes  af ter  a m e d i a n  fol low up 4.4 years  ( range 1.4- 
15.3), 20 ( 3 5 % )  con t inued  to have N G T  and 12 
( 2 1 % )  deve loped  I G T  again. 

The  cumula t ive  incidence of  d iabetes  during 
10 years  of  follow-up, adjus ted for  age and sex, is 
shown in Figure i for  bo th  groups. Subjects  with I G T  
on bo th  tests had a higher  cumula t ive  incidence of  

d iabetes  than  subjects with I G T  on  one  test  a lone  
[RR = 1.6, 95 % CI = 1.0-2.5]. 

In a p ropor t iona l  hazards  model ,  which included 
all subjects, age was not  a significant p red ic to r  of  
diabetes,  while male  sex was a posi t ive predicter .  
Adjus ted  for  age and sex, b o d y  mass index was a sig- 
nif icant  p red ic to r  of diabetes.  In all subjects, high 
fasting and 120-min insulin concent ra t ion ,  low ear ly  
insulin response,  fasting and post- load glucose con-  
centrat ions,  were  each predic t ive  of  diabetes  in sepa- 
ra te  models,  while 30-min and 60-min insulin con- 
centra t ions  and late insulin response  were  no t  (Ta- 
ble 2). 

With age and sex forced  into the stepwise models,  
120-min glucose, fasting insulin concen t ra t ion  and 
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Table 3. Results of multivariate analyses for predicting dia- 
betes in subjects with IGT 

Variables Rate ratios 
(95 % confidence intervals) b 

All subjects (n = 169 ~, new cases of diabetes = 94) 
ModeP 
120-min glucose 2.1 (1.4-3.1) 
Fasting insulin 2.1 (1.1-3.7) 
Late insulin response 0.5 (0.3-0.9) 
IGT on one test (n = 56 ~, new cases of diabetes = 25) 
ModeP 
Fasting insulin 4,0 (1.2-13.6) 
IGTon both tests (n = 113 ~, new cases of diabetes = 69) 
ModeP 
Early insulin response 0.5 (0.3-0.8) 

Age, sex, body mass index, fasting and 120-min insulin con- 
centrations, early and late insulin response, fasting and 120- 
rain plasma glucose concentrations available in the model. 
Age and sex were forced into the model, b Rate ratios (95 % 
confidence intervals) shown comparing 90th percentile with 
the 10th percentile. ~ Number of subjects with data available 
on all variables 
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Fig. 1. Cumulative incidence of diabetes over 10 years, adjust- 
ed for age and sex in subjects with IGTon one test ( ) and 
IGT on both tests ( . . . . .  ) 

late insulin response were selected as the best predic- 
tors of diabetes, with no other  variable contr ibut ing 
significantly (Table 3). In subjects with I G T  on one v 
test, in a similar analysis, higher  fasting insulin con- 

4.0 

centra t ion was selected as the only significant predic- .Q 
tor of  diabetes. In subjects with I G T  on bo th  tests, ._ 
lower early insulin response was selected as the only  -o 
significant predic tor  of  diabetes (Table 3). 

The cumulat ive  incidence of diabetes according to ~ | 
early (Fig. 2a)  and late insulin responses (Fig.2b) c- | 
(adjusted for 120-min plasma glucose in a l inear re- 

o 
gression model)  is shown. In all subjects, those with ._ 
a lower early insulin response had  a higher  cumula- 0~ 
tive incidence of diabetes, and the effect  of early insu- .~, 
lin response on future  deve lopment  diabetes was --~ 
more  p ronounced  at a lower 120-min glucose concen- E 
trat ions (significant in teract ion of early insulin re- O 
sponse at 120-min glucose concentrat ion,  p < 0.05). 
Those with a low late insulin response,  when  strati- 
fied by 120-rain glucose, had  a slightly, but  not  signif- 
icantly, higher  incidence of diabetes. 

Subgroup analyses showed that  in subjects who 
had  I G T  on both  tests, low early and late insulin re- 
sponses and  high fasting and post- load glucose con- 
centrations,  in separate  models,  were predict ive of 
diabetes, while post- load insulin concentra t ions  were 
not. Age  was a significant predic tor  of diabetes in 
subjects who had  I G T  on one test but  no t  in those 
with I G T  on both  tests, a l though the lat ter  group was 
on average somewhat  older at the first examinat ion.  
B o d y  mass index was a significant predictor  of  dia- 
betes in those with I G T  on one test  but  not  in those 
who had  I G T  on bo th  tests (Table 2). 

The observed differences in age and late insulin re- 
sponse for predict ing diabetes in the two groups were 
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Fig.2 (a, b). 10-year cumulative incidence of diabetes accord- 
ing to early (a) and late (b) insulin response. Early and late in- 
sulin response were adjusted for 120-min plasma glucose in a 
linear regression model in all subjects. [ ]  low; []  high 

analysed further.  The interact ion terms of age and 
late insulin response,  with I G T  on one test or on 
both  tests as a group variable, were included in analy- 
sis of all subjects in a single model .  Both  interact ion 
terms were statistically significant (p < 0.05) indicat- 
ing that  these two risk factors had  different  effects in 
these two groups. Older  age was positively associat- 
ed with diabetes in those who had  I G T  on one test  
but  no t  in those who had  I G T o n  both  tests. Converse-  
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ly a late insulin response was negatively associated 
with diabetes in subjects who had IGT on both tests 
but not in those who had NGT on the second test. 

Discussion 

Suggestions that subjects with IGT may be a target 
group for intervention aimed at preventing NIDDM 
[10, 11] seem particularly relevant to Pima Indians, 
who have the world's highest recorded incidence of 
NIDDM [12]. For such an intervention to be success- 
ful, criteria for the selection of subjects with IGT 
who are likely to develop diabetes are important. 

In this study the cumulative incidence of diabetes 
was higher in subjects with IGT on two tests than in 
subjects who had IGT on only one test but NGT on 
the repeat test, indicating that subjects selected to 
have IGT on the basis of two OGTTs have a higher 
risk of developing diabetes than subjects with IGT di- 
agnosed on the basis of one OGTT, as reported previ- 
ously [3]. 

It is also evident from the present data that some 
risk factors for subsequent diabetes are somewhat 
different in subjects with IGTdiagnosed on the basis 
of one or two tests. Although older age has been 
shown to be a risk factor for diabetes in Caucasian 
subjects [13], previous studies in the Pima Indians 
have shown that age-specific incidence rates are high- 
est between 35 and 54 years, either among all subjects 
[5] or among those with IGT [2]. The lack of associa- 
tion of age with subsequent diabetes in subjects with 
IGT on two tests, compared with a strong predictive 
ability of age in those with IGT on one test and not 
on the second, could be due to the younger age of 
subjects in the latter group. The subjects with IGT on 
one test were in the younger age range, where the in- 
cidence of diabetes is positively related to age, and 
those with IGT on two tests were in the age range 
where the age-specific incidence curve is flatter. This 
observation also suggests that IGT diagnosed on the 
basis of a single test represents an earlier stage in de- 
velopment of NIDDM. 

Previous studies have shown obesity to be a risk 
factor for diabetes in normal subjects and in subjects 
with IGT [2, 14, 15, 17] and the results of our study 
are similar. However, body mass index controlled for 
age and sex, was not predictive of subsequent dia- 
betes in subjects with IGT on both tests, suggesting 
that obesity may no longer be an important risk fac- 
tor for subsequent diabetes after IGT has been estab- 
lished. 

Subjects with NIDDM are insulin resistant and 
have impaired insulin secretion [18]. Pima Indians 
with IGT have impaired insulin action [19]. A recent 
study has reported that subjects with IGT have dimin- 
ished early insulin response due to beta-cell dysfunc- 
tion and that this diminished early insulin response 
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and the consequent relative hyperglycaemia may be 
responsible for hyperinsulinaemia seen 120 min after 
an oral glucose load [20]. Nevertheless the higher 
fasting insulin concentrati~ns~which characterise sub- 
jects with IGT appear to be the result of impaired in- 
sulin action at the target cell level [19, 21, 22]. 

In all subjects, early but not late insulin response 
was a significant predictor of diabetes, findings 

which are similar to those reported in Japanese sub- 
jects with IGT [16]. However, subgroup analyses 
showed that in subjects who had IGT on two tests, di- 
minished early and late insulin responses were both 
predictive of diabetes, but this was not the case in 
subjects who had IGT on one test, in whom only low 
early insulin response was predictive. These findings 
suggest that subjects with IGT who revert to normal 
at the repeat test have an earlier abnormality of glu- 
cose homeostasis prior to developing a more severe 
or persistent form of glucose intolerance, represent- 
ed in this study by a group of subjects who had IGT 
on the first and the repeat test. 

Whether or not a diminished early insulin re- 
sponse in subjects with normal glucose tolerance 
leads to the development of IGT, however, cannot 
be answered by this study, because the early insulin 
response was measured only in subjects who had 
IGT on the first examination. However, it is possible 
that the diminished early insulin response may even- 
tually lead to more severe and persistent glucose in- 
tolerance. An  alternative intepretation of these re- 
sults is that in subjects with IGT, a group with high 
risk for future diabetes, having high early and late in- 
sulin responses seems to confer relative protection 
from development of diabetes for a number of years. 

In subjects with IGT on two tests, high fasting insu- 
lin concentrations and low early insulin response 
were the most important predictors of diabetes. This 
finding suggests that increased insulin resistance 
(high fasting insulin concentration) and overall re- 
duction in beta-cell response to carbohydrate load 
(lower post-load insulin relative to fasting insulin de- 
spite relative hyperglycaemia) are strong predictors 
of diabetes. This reduced beta-cell response may re- 
present a smaller beta-cell mass in subjects genetical- 
ly predisposed to NIDDM, a gradual beta-cell ex- 
haustion, or possibly a "glucotoxic effect" on beta- 
cell function [23, 24]. 

Significant lowering of post-load insulin concen- 
tration and late insulin response with only a small 
change in fasting insulin concentrations would sug- 
gest that the reversion from IGT to normal glucose 
tolerance is due to insulin action which in turn is ac- 
companied by changes in insulin secretory pattern. 
Due to the close interactive glucose=insulin feed- 
back loop it is difficult to infer whether changes in in- 
sulin secretion were primary or secondary to changes 
in glucose tolerance. Previous studies have suggested 
that the transition from IGT to NGT may be due to 
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intra individual  variabi l i ty in glucose to le rance  
26], which is due  to var ia t ion  in glucose absorp t ion  
f rom the  gut, and up take  and ut i l izat ion of  glucose 
at the  splanchnic  and per iphera l  level [27]. 

In conclusion,  subjects with I G T w h o  rever t  to nor- 
mal  on  r epea t  glucose testing are  at lesser risk of  dia- 
betes  than  subjects with I G T o n  bo th  tests. The  sever- 
i ty of  glucose to le rance ,  h igher  fasting insulin (re- 
f lect ing insulin res is tance)  as well  as a lower  insulin 
response  are s trong pred ic tors  of  diabetes.  The  defini- 
t ion of  I G T  based  on  the results of  two O G T T s  thus 
represen ts  a logical way to se lec t  subjects for  inter- 
ven t ion  studies because  of  the h igher  risk of  d iabetes  
associa ted with this group. Ef for t s  to  p r even t  de ter io-  
ra t ion  to N I D D M  in the  P ima  Indians  and o the r  pop-  
ulat ions with glucose  in to le rance  should focus on  
ways to r educe  adiposi ty  and insulin resistance,  and 
to improve  the  ear ly  insulin response.  
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