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Metabolic studies in unaffected co-twins of
non-insulin-dependent diabetics

A H BARNETT, A J SPILIOPOULOS, D A PYKE, W A STUBBS, J BURRIN, K G M M ALBERTI

Abstract

Forty-eight out of 53 non-insulin-dependent diabetic
identical twin pairs were concordant for diabetes. In the
five discordant pairs the diabetic twin had only recently
been diagnosed. Oral glucose tolerance tests were carried
out on the unaffected twins of the five pairs and on
matched controls. Fasting concentrations of blood
glucose (5 5+0 6 v 3-7±0 3 mmol/l; 99 1+10 8 v 66 6±5 4
mg/100 ml), haemoglobin A1 (mean 91%, range 8-8-9-2%
v mean 7 9%, range 74-8 4%), lactate, alanine, and
glycerol (0 090±0 017 v 01045±0 008 mmol/l); and the
lactate: pyruvate ratio were significantly higher in the
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twins than controls. After glucose challenge blood
glucose, lactate, alamnne, and glycerol concentrations and
lactate: pyruvate ratio were increased in the twins.
Insulin response was severely impaired, being almost
absent in four of the five twins.
The non-diabetic members of the discordant non-

insulin-dependent diabetic pairs showed noticeable meta-
bolic abnormalities which would later presumably
deteriorate to frank diabetes. These findings, taken with
the high concordance rate for non-insulin-dependent
diabetic twins, suggest that non-insulin-dependent
diabetes is predominantly, possibly entirely, inherited.

Introduction

Over the past 14 years we have studied identical twin pairs in
whom one or both were diabetic. Of the 200 pairs seen to date,
147 were insulin-dependent and 53 non-insulin-dependent
diabetics. Of the 53 non-insulin-dependent pairs, all but five
were concordant-that is, both twins were diabetic; in contrast,
among the insulin-dependent pairs only about half were
concordant. In the five discordant non-insulin-dependent pairs
the diabetic twin had been diagnosed only within the past three
years, whereas the interval between diagnosis of diabetes in the
first and second twins of the 48 concordant pairs in no case
exceeded seven years. Hence it seemed likely that the five so
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far unaffected twins would develop diabetes, and we have
studied them for evidence of metabolic abnormalities which
might indicate the earliest changes of non-insulin-dependent
diabetes.

Patients and methods

Five unaffected co-twins of non-insulin-dependent diabetics were
studied. They were matched for age (46 1-7 and 4316 years), body
weight (105 1 3 and 103 22"', of average body weight') and sex (three
men, two women) with non-diabetic controls who had no family
history of diabetes. No subjects were taking any drugs at the time
of study and all were eating their usual diet.
An indwelling intravenous cannula was inserted into the antecubital

vein and kept open with a slow infusion of saline. After 30 minutes'
rest venous blood was taken 15 minutes and immediately before oral
administration of 50 g glucose in 300 ml water. Samples were

subsequently taken at 15-minute intervals for one hour and at 30-
minute intervals for a further two hours. Serum was used for radio-
immunoassay of insulin,1' and perchloric acid extract of blood for
assay of glucose, lactate, pyruvate, alanine, glycerol, and 3-hydroxy-
butyrate concentrations by an automated enzymatic fluorometric
technique.3 Fasting blood haemoglobin Ai, serum cholesterol, and
triglyceride concentrations were also measured. Haemoglobin Al was

measured by a macrocolumn technique using Bio-Rex 70 with
200-400-mesh sodium form ion-exchange resin (Bio-Rad, Richmond,
California). Cholesterol and triglyceride concentrations were measured
by standard automated enzymatic techniques.

Results are expressed as means SEM and were compared using
the Wilcoxon U test; p < 0-05 was accepted as significant.

Results

The table shows the blood lactate, pyruvate, alanine, glycerol, and
3-hydroxybutyrate concentrations before and after the oral glucose
tolerance test.

FASTING VALUES

Mean blood glucose concentration (at -15 and 0 minutes) was
significantly increased in the non-diabetic twins compared with the
controls (5-5-X0-6 v 37 f0-3 mmol/l; 991110-8 v 66-6±5-4 mg/
100 ml) (fig 1). Haemoglobin A1 values were also higher in the twins
(mean 9l1'P, range 8-8-9o2%) than in the controls (mean 7 90,
range 7 4-8.4,') (p <0-01). Fasting serum insulin concentrations,
however, were not significantly different between the two groups

(fig 2).
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Concentrations of blood lactate, alanine, and glycerol and the
actate:pyruvate ratio were higher in the twins than in the controls
(table). Pyruvate and 3-hydroxybutyrate concentrations were,
however, similar in the two groups, as were the serum cholesterol
and triglyceride concentrations.

10 Twins

rIT >-----O Controls
*p<0-05

Blood glucose
(mmoi/l) t~ T

-15 0 30 60 90 120 150 180
Time (minutes)

FIG 1-Mean blood glucose concentrations (±SEM) fasting and after 50 g

oral glucose challenge in twins and controls.
Conversion: SI to traditional units-Glucose: 1 mmol/l 18 mg/100 ml.
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FIG 2-Mean serum insulin concentrations (± SEM) fasting and after 50 g
oral glucose challenge in twins and controls.

Mean ± SEM concentrations of blood metabolites before and after 50 g oral glucose tolerance test in five non-diabetic co-twins of non-insulin-dependent diabetic
and five matched controls (fasting triglyceride and cholesterol concentrations also shown)

Time after oral glucose (minutes)
Fasting

15 30 45 60 90 120 150 180

Twins 1-300 1-163 1229 1-216 1-345 1-221 1-179 1-242 1-037
Lactate (mmol/1) . 1 T0.300* ±0-141 ±0-170 ±0-110 ±0-124 ±0-081* ±0-080* ±0-150* ±0-126Lactate (mmol/l) . 1 Controls 0 700 0 732 0 743 0-842 0-950 0-895 0-760 0-727 0-764

Cl l 0700 0 ±0185 ±0 170 ±0-165 ±0-153 ±0-098 ±0-103 ±0-115 ±0-140
Twins 0-372 0-389 0-427 0-393 0-408 0-85 07384 0370 0347

Alanine (mmol/1) .. T 0.029* ±0-024 ±0 054 ± 0-027 ±0.038* ± 0.030* ±0-027* ± 0 040* ± 0-026*{ Controls 0-248 0-248 0-258 0-255 0-258 0-252 0-278 0-249 0-256± 0-050 ±0-045 ±0-053 ±0-059 ±0-038 ±0 035 ±0-033 ±0-024 ±0-031
Twins 0-090 0-067 0-059 0-050 0-057 0-046 0-053 0-066 0-063

G o o0-017* ± 0-004 ±0-004* ±0.005* +40-003* ±0-004 ±0.003* ±0.005* ±0.004*

j0-008 ±0t010 ±0-007 ±0-005 ±0-006 ±0.005 ±0001 ±0-006 ±0-007
G Twins 0-027 04033 0-026 0-019 0-016 0-033 0008 0-010 0011

3-Hydroxybutyrate (mmol/1) Contrs ±0-006 40-007 +0-004 ±0-004 ±0-003 ±0-002 ±0-002* ±0-002 ±0-002*Controls 0-050 0-050 0-045 0-021 0-015 0-012 0-021 0-021 0-041
-0-030 ±0-032 - 0-029 ±0-010 ±0-005 ±0-005 ±0-004 ±0-006 ±0-015

f Twins 14-7 4 1.8* 14-4±1.0* 12.8±0.8* 13-2±0-4* 13-9±0.9* 14 0±0.5* 14-7+0.6* 16.3±2.7* 16-1 ±1.9*Lactate:pyruvate ................ *- Controls 7-0± 1-0 6-9 109 7-0I0-9 7-8±1-3 8-2±1-0 8-6±1-0 6-7±0-3 7-5±0-7 7-8±0-7
Triglycerides (mmol/l) { Controls 0-9 J 0 3

Cholesterol (mmol/l) * 4 Controls 5-04 0-3

*Significantly different from control value (p< 0-5).
Cozversion: SI to traditional units-Lactate: 1 mmol/lz9-0 mg/100 ml. Alanine: 1 mmol/l18-9 mg/100 ml. Glycerol: 1 mmol/19-2 mg/100 ml. 3-Hydroxybutyrate:

1 mmol/l 10 4 mg/100 ml. Triglyceride: 1 mmol/l 88-5 mg/100 ml. Cholesterol: 1 mmol/l =38-7 mg/100 ml.
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RESPONSES TO ORAL GLUCOSE TOLERANCE TEST

Although blood glucose concentrations at any one time after the
glucose load were not significantly different between the two groups,
mean values were increased in the twins (6-5 ±041 mmol/l v 4-9 ±0 4
mmol/l (117-1+1-8 v 88-2+7-2 mg/100 ml); p<005) (fig 1). The
serum insulin response was greatly diminished in the twins (fig 2),
four of the five showing an almost flat response, and the remaining
one nearly normal insulin secretion. Blood lactate, alanine, and
glycerol concentrations were significantly higher in the twins than
in the controls. Pyruvate values were similar in the two groups, but
the lactate :pyruvate ratio was higher in the twins. 3-Hydroxybutyrate
concentrations remained low in the twins.

Discussion

Few data are available on the early metabolic changes of
non-insulin-dependent diabetes. All attempts to characterise
prediabetes have been in relation to insulin-dependent diabetes
and were not relevant to this study.5-7

All the non-diabetic twins of the five discordant non-insulin-
dependent pairs showed metabolic abnormalities, particularly a
striking insulin deficiency similar to that seen in established
non-insulin-dependent diabetes.8 9 In four out of five there
was a negligible response to a glucose challenge. Rises in blood
lactate, alanine, and glycerol concentrations were consistent
with increased gluconeogenesis and lipolysis. The circulating
blood ketone bodies, as represented by 3-hydroxybutyrate
values, however, were not increased. Non-esterified fatty acids
may be increased in prediabetes,8 and the low 3-hydroxybutyrate
values in the twins suggest that there was enough insulin activity
to suppress hepatic ketogenesis, which is extremely sensitive
to its action, but not enough to produce normal intermediary
metabolism.
There were relatively small changes in blood glucose con-

centrations. In the twins these were higher than in the controls
but still within the normal range; the difference, however, was
significant only in the fasting state. The haemoglobin A1 value
in the twins was at or slightly above the upper limit of our
normal range and there was no overlap between them and
controls. This suggests that even slight hyperglycaemia is
reflected by a raised haemoglobin A1 value and that this may
therefore be a good indicator of early diabetes.
These results also suggest that the development of non-

insulin-dependent diabetes is preceded by detectable metabolic
abnormalities and that blood glucose values may be one of the

least sensitive indicators; impairment of insulin response seems
to be much better. Concentrations of lactate, alanine, and
glycerol are also better discriminators between twins and
controls than glucose values.
Of our 53 non-insulin-dependent diabetic pairs of identical

twins, 48 were concordant. The non-diabetic members of the
remaining five discordant pairs showed definite metabolic
abnormalities which would presumably later deteriorate
further to frank diabetes. These findings strengthen our
hypothesis that non-insulin-dependent diabetes is predominandy,
perhaps entirely, inherited.0 "11

We thank the physicians and other colleagues in the British
Diabetic Association who made this study possible, and the twins
themselves. We also thank the BDA for financial support. AHB is
supported by the MRC.

Requests for reprints should be addressed to Dr D A Pyke, King's
College Hospital, London SE5 9RS
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ONE HUNDRED YEARS AGO An inquest was held on
Tuesday last, by Dr Diplock, on the body of Miss Angela Wallsworth,
aged 33, -matron at the Metropolitan and City Police Orphanage at
Twickenham, of which we have obtained particulars of great toxico-
logical interest. It appears that she had complained of a cold in the
head in the presence of Dr Webster, who remarked that camphor and
aconite, in drop doses, were useful in the earlier stages of this
complaint. From the evidence of a Miss Daines, who had slept in
deceased's room as a guest, it appeared that, before going to bed,
deceased took something in a tumbler and water. She also gave Miss
Daines some, telling her it was good for a headache. Soon afterwards,
Miss Daines felt very restless, and had a strange numbness in her
hands and arms; and, finding the deceased in an even worse state, she
spoke to her. Deceased said that she felt as if she were swelling, and
would get out of bed and ask one of the nurses to give her some coffee.
She left the room to do so, and did not return. Miss Daines was
herself so ill from the effects of the aconite, of which Miss Wallsworth
had given a teaspoonful, that she fainted whilst giving her evidence.
Mr Netherclift said that, when called to Miss Wallsworth, between
two and three on Sunday morning, she was gasping for breath, with
her mouth wide open and her tongue protruding. Her eyes were fixed
on vacancy, and the pupils were much dilated. He asked her what she
had taken, and she gasped out "Aconite." He administered an emetic of
mustard, which induced copious vomiting. Diffusible stimulants, such

as ammonia and brandy, were also given. Heat was applied to the
extremities and cardiac region. He then administered, at intervals,
three subcutaneous injections of from ten to fifteen minims of tincture
of digitalis. Galvanism was also applied in the region of the heart. Dr
Hamilton Bland was then called in in consultation; and three sub-
cutaneous injections of brandy were given. Frequent inhalations of
ammonia were adopted. The patient was then completely insensible,
and pulseless. Artificial respiration was maintained, without inter-
mission, for two hours; but, beyond slight reflex action of the
laryngeal muscles, there were no symptoms of returning life. The jury
found a verdict of "Death by misadventure"; and conveyed, through
their foreman, to Mr Netherclift and Dr Hamilton Bland, the following
resolution, which had been passed unanimously, "The jury wish to
express their high appreciation of the painstaking attention and
sustained efforts, so promptly resorted to by the medical gentlemen in
attendance on the deceased; and their conviction, that nothing that
science or skill could do was left undone in their endeavour to avert
the fatal issue." It was understood that the unfortunate lady had taken
three teaspoonsful of Fleming's tincture of aconite, from a bottle
which she had filled in the dispensary. She survived the fatal dose four
hours. There was a marked improvement in the pulse after each
injection of digitalis. We understand that Miss Daines is still in a
critical condition. (British Medical Journal, 1881.)
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