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Summary. Non-diabetic identical twins of insulin-dependent 
diabetic patients were studied within five years of the diag- 
nosis of their index twin in order to determine whether 
changes in intermediary metabolism precede the onset of in- 
sulin-dependent diabetes mellitus. Two studies were per- 
formed: a cross-sectional study of 12 non-diabetic twins and a 
prospective study of a separate group of 41 non-diabetic 
twins. Of the 12 twins tested in the cross-sectional study six de- 
veloped insulin-dependent diabetes and six did not; the six 
who developed diabetes were given an oral glucose load a 
mean of 10 months before diagnosis; they then had normal 
fasting blood glucose levels but worse glucose tolerance than 
control subjects (120 min post-load (mean + SD) blood glu- 
cose 8.5 _+ 3.5 vs 4.9 + 0.9 mmol/1 respectively, p < 0.05). How- 
ever, blood lactate, pyruvate, alanine, glycerol, 3-hydroxybu- 
tyrate and serum insulin levels were similar. In contrast, the six 
twins in this cross-sectional study who did not develop 
diabetes and are now unlikely to do so, as a group, had no sig- 
nificant changes compared with the control subjects though 
one had impaired glucose tolerance. To determine the predic- 

tire value of impaired glucose tolerance a separate group of 
41 non-diabetic twins was studied prospectively for 8 to 
22 years having a total of 147 glucose tolerance tests in' this 
period; in this group six developed diabetes. Eight of the 41 
had impaired glucose tolerance; impaired glucose tolerance 
was found in four of the six who developed diabetes as com- 
pared with only four of the 35 who did not (p < 0.01). Impaired 
glucose tolerance in these non-diabetic identical twins had a 
positive predictive value of 33% for developing diabetes. The 
four twins with impaired glucose tolerance who remain non- 
diabetic now have normal glucose tolerance. We conclude 
that impaired glucose tolerance may precede the onset of in- 
sulin-dependent diabetes mellitus by many months but the 
change does not specifically predict the disease even in identi- 
cal twins of diabetic patients. These observations are consist- 
ent with the possibility that in some twins the disease process 
can occur yet remit without leading to diabetes. 

Key words: Impaired glucose tolerance, pre-diabetes, in- 
sulin-dependent diabetes, identical twins, metabolism. 

Insulin-dependent diabetes mellitus is due to destruction 
of the insulin secreting Beta  cells of the pancreas. The 
clinical onset of the disease may be rapid although islet 
cell antibodies [1] and impaired glucose tolerance can 
occur some months to years before diagnosis [2-5]. These 
observations suggest that clinical diabetes is preceded by 
detectable metabolic changes presumably due to Beta cell 
dysfunction. Minor Beta cell dysfunction can be associ- 
ated with extensive changes in intermediary metabolism 
other than glucose; such changes have been found in non- 
diabetic identical twins and children of non-insulin-de- 
pendent diabetic patients both of whom were at high risk 
of developing diabetes [6, 7]. Similar changes in inter- 
mediary metabolism could occur in twins at risk of insu- 
lin-dependent diabetes mellitus. We therefore studied 
non-diabetic identical twins of recently diagnosed insulin- 

dependent  diabetic patients to determine whether chan- 
ges in intermediary metabolism preceded the onset of the 
disease and if so, whether such changes were pathogno- 
monic. 

Subjects and methods 

Patients 

Non-diabetic identical twins of insulin-dependent diabetic patients 
were selected who had an oral glucose tolerance test first performed 
within five years of the diagnosis of diabetes in their index twin. 
Monozygosity was established in all the twin pairs as previously de- 
scribed [8, 9]. Subjects or parents gave informed consent and the 
study was approved by the King's College Hospital Ethical Commit- 
tee. At the time of the initial test none of the subjects had previously 
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Table 1. Mean ( • SD) concentrations for metabolites when fasting and 60 and 120 min after oral glucose in pre-diabetic twins and their control 
subjects and non-diabetic twins and their control subjects 

Pre-diabetic Control Non-diabetic Control 
Twins subjects Twins subjects 

Lactate (mmol/l) 

Fasting 0.86 _+ 0.40 0.71 + 0.14 0.79 _+ 0.25 0.70 _+ 0.14 
60 min 1.08 • 0.78 0.97 + 0.17 1.0 • 0.20 0.96 + 0.10 
120 rain 0.85 • 0.30 0.92 + 0.24 1.19 _+ 0.20 0.95 • 0.26 

Pyruvate (mmol/1) 

Fasting 0.074 • 0.026 0.060 • 0.006 0.068 • 0.007 0.061 + 0.006 
60 min 0.10 • 0.032 0.090 + 0.026 0.10 • 0.002 0.088 _+ 0.025 
120 min 0.078 _+ 0.016 0.080 _+ 0.013 0.11 • 0.002 0.084 • 0.020 

Glycerol (mmol/1) 

Fasting 0.025 _+ 0.021 0.046 • 0.028 0.048 • 0.038 0.042 • 0.030 
60 min 0.017 • 0.009 0.042 + 0.028 0.048 • 0.041 0.036 • 0.031 
120 min 0.016 • 0.010 0.042 • 0.028 0.052 _+ 0.050 0.037 + 0.031 

Alanine (mmol/1) 

Fasting 0.29 + 0.10 0.32 • 0.07 0.27 _+ 0.06 0.31 • 0.08 
60 min 0.31 • 0.09 0.32 • 0.09 0.27 • 0.07 0.28 _+ 0.05 
120 min 0.30 • 0.11 0.32 • 007 0.30 • 0.07 0.32 • 0.07 

3-Hydroxybutyrate (mmol/1) 

Fasting 0.05 • 0.05 0.04 • 0.02 0.09 • 0.07 0.05 • 0.03 
60 min 0.009 + 0.004 0.009 + 0.008 0.002 • 0.006 0.009 + 0.008 
120 min 0.006 • 0.004 0.005 • 0.006 0.002 + 0.004 0.005 • 0.005 

had a glucose tolerance test; none was clinically ill, taking any drugs 
and all of them were eating their usual diet at the time of the tests. 
Two separate studies were performed on separate cohorts of twins 
both of whom fulfilled the criteria for entry set out above. The first 
study was cross-sectional using a 75 g glucose load in which we 
sought changes in insulin, glucose and other intermediate metabo- 
lites in the non-diabetic twins. The second study was prospective 
using a 50 g glucose load and assessing only glucose in the non- 
diabetic twins. 

Study 1 

A consecutive series of 12 non-diabetic twins was tested on a single 
occasion between 1983 and 1985 with a 75 g (or 1.75 g/kg whichever 
was the less) oral glucose load. Six of the twins subsequently de- 
veloped diabetes (these twins can be designated prediabetic twins), 
they were tested a mean of 10 months (range 3 to 18) before diag- 
nosis; mean ( + SD) age 15.3 + 5.5 years (range 11-25), body mass 
index (BMI) 17.8 -+ 3.8 kg/m 2 (range 16-22); three were mate. As re- 
quired by the criteria of entry all the twins were within five years of 
the diagnosis of their index twin (median 7 months range 1 to 24). 
They were compared with seven control subjects of similar age 
(15.6 + 4.0 years; range 10-24), BMI (20.2 + 3.4 kg/m2; range 16-25) 
and sex (four male). The remaining six twins are still not diabetic 
seven to 10 years from the diagnosis of the index twin; their mean age 
at testing was 16.9 + 3.9 years (range 14-24), BMI of 22.6 • 3.7 kg/m 2 
(range 20-29), four were male. They were compared with seven con- 
trol subjects of similar age, (16.7 + 3.9 years; range 13-24), BMI 
(20.7 • 3.8 kg/m2; range 17-26) and sex (three male). Control sub- 
jects were sought from unrelated members of families in the local 
community known to families with diabetic children. These control 
subjects were not attached to the hospital, had no family history of 
diabetes, were taking no drugs, had no clinical signs or symptoms of 
illness and were eating their normal diet at the time of testing; indi- 
vidual matching was not performed, the control subjects were se- 
lected to achieve a similar distribution for age, sex and body mass 
index to the twin groups. 

Study 2 

A consecutive series of 41 non-diabetic twins were first tested be- 
tween 1967 to 1981 with 50 g (or 1.75 g/kg whichever was the less) 
oral glucose load; these twins were a separate group from those 
tested in Study 1. Of 41 twins studied 6 developed diabetes while the 
remainder are not diabetic at least eight years from the diagnosis of 
the index twin. These 41 twins (mean age when first tested 
19 _+ 11 years; 17 male) had glucose tolerance tests on 147 occasions 
(median 3 per twin, range 1-8 tests). The first glucose test was per- 
formed within five years of the diagnosis of the index twin but sub- 
sequent tests were performed at intervals which were not stan- 
dardised. As required by the criteria of entry all the twins were 
within five years of the diagnosis of their index twin (median 
16 months range 1 to 46). 

Methods 

Subjects were studied after an overnight fast (10-12 h); after 30 min 
rest basal venous blood samples were taken at - 10 and 0 rain before 
75 g glucose (for Study 1) or 50 g (for Study 2) or 1.75 g/kg (which- 
ever was the less) dissolved in 0.33 1 of water and consumed over 
4 min. The change in glucose load was made in line with the recom- 
mendations of the National Diabetes Data Group [10]. Further sam- 
ples of venous blood were taken at 10 min for Study 1 and for both 
studies at 30, 60, 90 and 120 min. Whole blood glucose was analysed 
by a glucose oxidase method (Yellow Springs Analyser) for Study 1 
and by autoanalyser using the potassium •177 method for 
Study 2. Standards and quality controls give virtually identical re- 
sults with both methods as previously reported [10]. 

Serum insulin was measured by a double antibody radioimmu- 
noassay [11]. A perchlorate extract of whole blood was assayed for 
lactate, pyruvate, alanine, glycerol and 3-hydroxybutyrate concen- 
trations by an automated fluorometric technique [12]. 

Twins with diabetic symptoms were excluded from the study as 
this was a study of non-diabetic twins. Diabetes, in the remainder, 
was diagnosed according to the National Diabetes Data Group crite- 
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Table 2. Mean ( _+ SD ) concentrations for glucose and insulin when fasting and 60 and 120 min after oral glucose in pre-diabetic twins and their 
control subjects and non-diabetic twins and their control subjects, a Differences significant at p < 0.05 

Pre-diabetic Control Non-diabetic Control 
Twins subjects Twins subjects 

Glucose (mmol/1) 

Fasting 4.8 + 0.5 4.4 + 0.6 4.0 + 0.8 4.5 + 0.5 
60 min 9.4 • 3.6 6.1 + 1.7 7.4 + 2.2 6.0 + 1.7 
120 min 8.5 + 3.5" 4.9 +_ 0.9 5.2 + 1.7 5.1 _+ 0.7 

Insulin (pmol/1) 

Fasting 104 _+ 80 57 + 21 74 + 71 59 + 21 
Range 49 - 254 31 - 94 29 - 227 31 - 94 

60 rain 235 _+ 56 208 + 42 357 + 373 236 + 61 
Range 155 - 309 163 - 270 117 - 1155 175 - 365 

120 rain 180 + 113 158 • 29 285 _+ 336 174 + 45 
Range 108 - 393 125 - 204 89 - 807 125 - 266 

ria [10], i.e. when the twins had either: (1) a whole blood glucose 
level of 6.7 retool/1 or more when fasting and of 10 mmol/1 or more 
2 h after oral glucose, or (2) a whole blood glucose less than 
6.7 mmol/1 when fasting and equal to or greater than 10.0 mmol/1 
both at 2 h and one other earlier blood sample following oral glu- 
cose. Normal glucose levels were defined as whole blood glucose 
when fasting less than 5.6 mmol/1 (for adults) and less than 
6.4 mmol/1 (for children), and after oral glucose, levels less than 
6.7 retool/1 at 2 h [10]. 

Islet cell antibody determination 

Undiluted sera from twins were screened for islet cell antibodies 
(ICA) by an indirect immunofluorescence technique by using sec- 
tions of blood group 0 human pancreas [13]. With the same pancreas, 
reagents and incubation conditions, the putative ICA standard (80 
Juvenile Diabetes Federation units) currently being assessed by the 
Immunology and Diabetes Workshops gave endpoint titres of 32 
when tested "blind" on two occasions. Samples were read "blind" by 
two independent observers. The results are presented as positive or 
negative with positive tests being greater than 10 units. All the twins 
in Study 1 were tested for ICA at the time of the study. The twins in 
Study 2 were not systematically tested for ICA as sera is no longer 
available in all of them, any twin who showed impaired glucose toler- 
ance and remained non-diabetic was retested for ICA. 

Predictive value 

To calculate the predictive value of a test it is necessary to know with 
a degree of certainty the positive and negative chances of developing 
the disease. We estimate that the twins who remain non-diabetic in 
Study 1 and Study 2 now have less than a 1% risk of developing 
diabetes [9, 14]. To assess impaired glucose tolerance as a predictor 
of insulin-dependent diabetes we estimated (a) its positive predic- 
tive value by calculating the number of twins in whom impaired glu- 
cose tolerance was detected and later developed insulin-dependent 
diabetes mellitus as a percentage of the overall number of twins who 
showed impaired glucose tolerance; (b) its sensitivity by dividing the 
number of twins with it who later developed diabetes mellitus by the 
overall number of twins who developed diabetes mellitus; and (c) its 
specificity by dividing the number of twins who did not show it and 
did not develop insulin-dependent diabetes mellitus by the total 
number of twins who did not develop diabetes. Similar estimates 
were made for elevated levels of fasting blood glucose. As changes in 
glucose tolerance are unlikely to be static the calculated predictive 
value may be dependent on the frequency or timing of tests per- 

formed. In addition, the number of twins in Study i is very small. We 
therefore analysed only the first glucose test performed on each non- 
diabetic twin in Study 2. 

Statistical analysis 

Results are expressed as the mean and standard deviation ( _+ SD) of 
the mean. The significant variables approximated to a normal dis- 
tribution in that 66% of the values fell within one SD of their mean 
unless stated. Changes were compared using a two-tailed Student's 
t-test for unpaired observations, Wilcoxon's rank sum test and Chi 
squared; differences were considered significant at p < 0.05). 

Results 

Study 1 

Fasting concentrations. There  was no difference in fasting 
glucose, insulin,  lactate, pyruvate ,  glycerol, a lanine,  and 3- 
hydroxybutyra te  compared  to control  subjects in ei ther  
the pre-diabet ic  group or the group of twins who did no t  
develop diabetes  (Tables 1 and  2). N o n e  of the twins had 
fasting glucose levels greater  than  5.6 mmol/1. The  fasting 
insul in/glucose (pmol /mmol)  ratio in the group of pre-  
diabet ic  twins (3.5 + 2.1) and  non-d iabe t i c  twins (mean  2.9 
range 1.3 to 6.9) was no t  significantly different  f rom con- 
trol  values (1.9 + 0.6 and 2.0 + 0.6 respectively).  

Response to oral glucose. After  oral  glucose the pre-  
diabet ic  twins had  significantly worse glucose to lerance  
than  the control  subjects at 30, 90, and  120 mi n  (Fig. 1). 
The  twins who rema in  non-d iabe t i c  did not  show any sig- 
nif icant  difference compared  with their  control  subjects. 
In  ne i the r  the pre-diabet ic  no r  the non-d iabe t i c  group was 
there any significant difference in  insulin,  lactate,  pyru-  
vate, glycerol, a lanine,  or 3-hydroxybutyra te  compared  
with the control  subjects when  expressed as levels at any 
t ime (Table 1). The  m e a n  insulin/glucose (pmol /mmol)  
rat io did no t  differ significantly in the group of pre- 
diabet ic  twins as compared  with their  control  subjects at 
60 mi n  (3.0 + 1.0 vs 5.7 + 2.3 respectively) or at 120 min  
(3.4 + 1.4 vs 4.9 _+ 1.8 respectively) nor  did it differ signifi- 
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Fig. 1. Mean ( _+ SD) glucose levels following oral glucose load in six 
pre-diabetic twins ((>-o) and seven control subjects (~ ,~) in 
Study 1. *p < 0.05 
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Fig.2. Venous whole blood glucose 120 min after an oral glucose 
tolerance test in five non-diabetic identical twins of insulin-depen- 
dent diabetic patients from Study 1 (one twin) and Study 2 (four 
twins). The first test was done within five years of the diagnosis of the 
index twin; the interval between subsequent tests was variable. All 
five twins had impaired glucose tolerance which became normal and 
they are now unlikely to develop diabetes. ----A-- Twin 1; ---(3-- 
Twin 2; + Twin 3; "- Twin 4; -" Twin 5 

cantly in the twins who remain non-diabetic as compared 
with their control subjects at 60 min (7.3 + 2.4 vs 5.0 + 2.0 
respectively) or at 120 min (7.1 + 2.3 vs 5.1 + 2.1 respec- 
tively). 

Impaired glucose tolerance was found in three of the 
six pre-diabetic twins and in one of the six twins who re- 
main non-diabetic. This one non-diabetic twin with im- 
paired glucose tolerance now has normal glucose toler- 
ance (Fig. 2). The mean blood glucose level 2 h after oral 
glucose was also higher (6.5 tool/l) in the three pre- 
diabetic twins without impaired glucose tolerance than in 
control subjects (4.9 mmol/1). Of the three pre-diabetic 
twins found to have impaired glucose tolerance two had 
glucose levels greater than 10 mmol/12 h after the glucose 
load though neither fulfilled the criteria for diabetes [10]. 
One of these pre-diabetic twins subsequently had normal 
glucose tolerance before developing diabetes after 
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18months,  the other twins developed diabetes 2 and 
14 mouths later. 

All six pre-diabetic twins had ICA at the time of 
study, in all cases at titres greater than 20 JDF units, while 
none of the twins who remained non-diabetic had these 
antibodies including the twin with impaired glucose 
tolerance. 

Study 2 

Of the separate group of 41 non-diabetic identical twins of 
recently diagnosed insUlin-dependent diabetic patients 
six have developed insulin-dependent diabetes. Eight 
twins had impaired glucose tolerance, four have since de- 
veloped diabetes and four remain non-diabetic demon- 
strating a significant tendency for these twins with im- 
paired glucose tolerance to develop diabetes (p < 0.01). 
This difference occurred despite the non-diabetic twins 
having more tests on average (3.7) than the twins who be- 
came diabetic (2.7). Impaired glucose tolerance was found 
in four of the 16 tests performed in twins who became 
diabetic and five of the 131 tests performed in twins who 
remain non-diabetic; a significant difference (p < 0.01). 
Impaired glucose tolerance was first detected in all the 
pre-diabetic twins within five years of the diagnosis of the 
index twin and 141, 39, 20 and 9 months before their diag- 
nosis of diabetes (Fig. 2). Of the 35 twins who remain non- 
diabetic, four had impaired glucose tolerance and then 
only within five years of the diagnosis of the index twin but 
not thereafter (Fig. 2). This tendency to have impaired 
glucose tolerance close to the diagnosis of the index twin 
was significant; of the 35 twins who remain non-diabetic 
four had impaired glucose tolerance when first tested 
within five years of the diagnosis of the index twin as com- 
pared with none of them first tested after five years from 
the diagnosis of the index twin (p < 0.05). All four twins 
with impaired glucose tolerance now have normal glucose 
tolerance at 8, 9,10 and 23 years from the onset of diabetes 
in the index twin. Only one of the four twins who remain 
non-diabetic showed impaired glucose tolerance on two 
occasions (two years apart) before the test became nor- 
mal. In one of these four twins the glucose levels 2 h after 
a glucose load was greater than 10 mmol/1 on a single occa- 
sion (Fig. 3) and yet she reverted to normal glucose toler- 
ance and remains non-diabetic 10 years after the diagnosis 
of the index twin. None of the twins were found to have in- 
creased fasting glucose levels at the time of the last test be- 
fore they became diabetic. 

Islet cell antibodies were sought in the four twins who 
had transient impaired glucose tolerance and remain non- 
diabetic. None of these twins has ICA at present and in 
one twin from whom serum was available ICA was not de- 
tected when he had impaired glucose tolerance. 

In this cohort of twins impaired glucose tolerance as a 
predictor of insulin-dependent diabetes mellitus had a 
sensitivity of 33%, a specificity of 89% and a positive pre- 

O dictive value of 33 Yo. The fasting blood glucose remained 
normal so that no calculations could be made for the sen- 
sitivity, specificity or predictive value of an increased 
level. 
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Fig.3. Venous whole blood glucose 120 min after an oral glucose 
tolerance test in six non-diabetic identical twins of insulin-depen- 
dent diabetic patients from Study 2 who subsequently developed 
diabetes themselves. The tests were all performed less than four 
years before their diagnosis of diabetes. + Twin 1; --O-- 
Twin2; --Cl--- Twin3; + Twin4, --t1--- Twin5; �9 
Twin 6 

Discussion 

We have demonstrated impairment of glucose tolerance 
in pre-diabetic identical twins many months before they 
developed diabetes and before any changes in fasting glu- 
cose. In a cross-sectional study (Study 1) changes in glu- 
cose tolerance occurred without changes in other interme- 
diary metabolites or insulin. This contrasts with studies of 
non-diabetic patients at risk of non-insulin-dependent 
diabetes which showed that these patients can have 
changes in both glucose and intermediary metabolites [6, 
7]. The twins who remain non-diabetic did not, as a group, 
show any changes in either intermediary metabolites or 
insulin levels; one of these twins from Study i had im- 
paired glucose tolerance. In Study 1 islet cell antibodies 
were found in all the pre-diabetic twins but in none of the 
twins who remain non-diabetic. These results raised the 
possibility that abnormal glucose tolerance could predict 
diabetes in individuals genetically at risk of the disease. 

To test this hypothesis we analysed a prospective study 
of a separate group of non-diabetic identical twins of pa- 
tients with insulin-dependent diabetes (Study 2). This 
prospective study confirmed that impaired glucose toler- 
ance preceded changes in fasting glucose in four of six 
twins who subsequently developed the disease. Impaired 
glucose tolerance was associated with a significant ten- 
dency to progress to diabetes. However, some twins with 
impaired glucose tolerance did not develop diabetes and 
their glucose tolerance returned to normal; the positive 
predictive value of impaired glucose tolerance was 33%. 
Within the limits of the definition of impaired glucose 
tolerance it was not possible to predict whether an individ- 
ual would progress to diabetes. Two twins reverted to nor- 
mal glucose tolerance despite having glucose levels 
greater than 10 mmol/1 at 2 h after a glucose load; one re- 
mains non-diabetic with normal glucose tolerance 
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10 years after the diagnosis of the index twin while the 
other developed diabetes 18 months later. In this study 
these twins were designated as having impaired glucose 
tolerance as their glucose tolerance was neither frankly 
diabetic nor normal. It might be argued that these twins 
had diabetes according to some criteria and that the 
diabetes was transient [15]. At present, it is not possible to 
categorise these twins with certainty, though in the con- 
text of the present study this problem is semantic and ser- 
ves only to emphasise the difficulty in designating gene- 
tically susceptible individuals as "pre-diabetic" until they 
have developed clinical diabetes. 

Most previous studies of metabolic changes in pre- 
diabetic patients have been performed on relatives of pa- 
tients with an undefined type of diabetes [16]. At least 
four groups have reported metabolic changes before the 
onset of insulin-dependent diabetes mellitus [3, 5, 17]; 
these changes include impaired glucose tolerance and a 
decreased insulin response to both oral and intravenous 
glucose. The sequence and prevalence of these metabolic 
changes has not been assessed since cohort studies of pre- 
diabetic subjects and suitable control subjects have not 
been reported. Impaired glucose tolerance in this present 
study had some predictive value though it is likely that 
other tests, such as ICA are better predictors of diabetes 
[14]. The predictive value of impaired glucose tolerance 
we report here must be regarded cautiously since it is 
derived from small numbers and only relates to subjects 
genetically susceptible to insulin-dependent diabetes mel- 
litus such as these twins [8]. It remains possible that more 
frequent testing might have identified impaired glucose 
tolerance in all the twins during the pre-diabetic period. 

Only one previous study has considered the predictive 
value of metabolic changes in subjects at risk of insulin-de- 
pendent diabetes mellitus [3]. It can be inferred from that 
study of siblings of insulin-dependent diabetic patients, 
though the authors do not comment on this aspect of their 
data, that impaired glucose tolerance did not predict 
diabetes with certainty since most of the siblings with im- 
paired glucose tolerance remained non-diabetic after 
10 years follow-up [3]. However, the risk of those non- 
diabetic siblings subsequently developing diabetes cannot 
be estimated from that paper [3]. In contrast to family 
studies, it is possible in diabetic twin studies to identify 
non-diabetic subjects who are genetically susceptible to 
the disease through both HLA and, probably, non-HLA 
genes yet have a very low risk of developing diabetes [8, 9, 
14]. This has enabled us to note that changes in proinsulin, 
activated T-lymphocytes and islet cell antibodies can 
occur in twins who are now unlikely to develop diabetes 
[14, 18, 19]. The present study extends these observations 
to include impaired glucose tolerance as a change which 
does not necessarily predict diabetes. 

The striking difference in the number of twins who de- 
veloped diabetes in Study I (6 of 12) as compared with 
those twins who developed diabetes in Study 2 (6 of 41) is 
probably due to the twins in Study i being referred earlier 
and being younger than those in Study 2; both factors 
being associated with increased concordance rates [9]. 

It is unlikely that all five twins with impaired glucose 
tolerance described in Study 1 and Study 2 will develop 
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diabetes, as we calculate by both  actuarial analysis and 
their lack of  islet cell antibodies that  the risk of  these twins 
developing insul in-dependent  diabetes is less than 1% [9, 
14]. The  quest ion arises as to whether  the changes in glu- 
cose metabol ism are associated with a remitt ing disease 
process or  are non-specific. It is likely that  the changes are 
specific since: (1) the f requency of  impaired glucose toler- 
ance in twins who remain  non-diabet ic  is high (11% ), con- 
siderably higher than could be expected for a normal  
popula t ion of  this age (about  2%)  [20] and (2) impaired 
glucose tolerance was only found in twins within five years 
of  the diagnosis of  the index twin. This clustering of  
changes in glucose tolerance a round  the time of  diagnosis 
of  the index twin suggests that  the changes are not  a non-  
specific consequence  of  the potent ia l  variability in glucose 
tolerance [21]. Thus, some twins who remain  non-diabet ic  
showed both  immune  [19] and metabol ic  changes a round  
the t ime of  diagnosis of  diabetes in the index twin but  not  
thereafter.  We conclude that  a process which in some 
twins is associated with complete  destruct ion of  the in- 
sulin secreting Beta  cells can, in others,  remit  sponta-  
neously  without  leading to diabetes. 
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