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Preclinical diabetes mellitus in precocious
myocardial infarction
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A series of 45 patients who had a myocardial infarction before the age of 45 years has been
studied and investigated for alterations of glucose tolerance, as shown by standard and predni-
solone-primed glucose tolerance tests.
Abnormal responses to standard glucose tolerance tests and prednisolone-primed glucose

tolerance tests were obtained in 75.5 per cent of patients with myocardial infarction, compared
with 8-8 per cent of controls.

Sex, hypertension, obesity, and a positive family history did not affect the abnormalities of
glucose tolerance.

Various views concerning these abnormalities in glucose metabolism are discussed.

Research during the past few years has shown
that vascular complications do not necessarily
follow a variable period of manifest diabetes
mellitus but may antedate it by a few months
or even years. Latent abnormalities of carbo-
hydrate metabolism, detectable only with
steroid-augmented glucose tolerance tests,
have been reported in patients with un-
explained neuritis and neuropathy (Ellenberg,
I963) and abnormalities in the small blood
vessels and capillaries with a strong family
history of diabetes mellitus (Camerini-
Davalos et al., I963). During the past decade,
abnormalities of glucose tolerance have also
been shown in vascular disease, including
myocardial infarction (Schrade, Boehle, and
Biegler, I960; Waddell and Field, I960;
Sowton, I962; Wahlberg, I962; Ostrander et
al., I965; Cohen and Shafrir, i965; Lal et al.,
I967; Lal, Bahl, and Bahl, 1969).
The increased incidence of vascular disease

and coronary heart disease in diabetics is well
known (Root et al., I939; Bell, I952; Bryfogle
and Bradley, I957; Bahl, I968). On the other
hand, studies on the incidence of the pre-
clinical diabetic state in persons with pre-
cocious coronary heart disease are almost non-
existent, according to Herman and Gorlin
(I965). Recently extensive research in carbo-
hydrate metabolism has attracted wide atten-
tion. So many data have accumulated during
the past decade that some of the fundamentals
in the aetiology of diabetes mellitus have been
Received 20 January I970.

challenged. Even the definition of diabetes
mellitus is in dispute. It is believed that
diabetes starts at birth or even earlier as a
Mendelian recessive trait (Joslin et al., 1959);
this, when provoked by long-term stresses
such as infection, pregnancy, and other fac-
tors, is eventually diagnosed as overt or clinical
diabetes (Krall, I965). Thus has emerged a
new concept of the prediabetic state or pre-
clinical diabetes, which may be an important
factor in the aetiopathogenesis of coronary
heart disease in young adults, and an inquiry
into this may be rewarding (Banerjea, I967).
The present investigation is an effort in this
direction.

Subjects and methods
Forty-five cases of proved myocardial infarction
with onset up to 45 years of age and a similar
number of age-matched controls formed the
material for this study.
The diagnosis of myocardial infarction was

based on the characteristic history of chest pain,
an increase in serum aspartate aminotransferase,
and unequivocal electrocardiographic abnormali-
ties. Anterior myocardial infarct was considered
to be present if Q waves were detected in lead I
and praecordial leads, with or without ST segment
elevation and T wave inversion. In inferior wall
infarction, similar changes were present in leads
II, III, and aVF. Such changes were seen in leads
aVL and V5-6 in patients with infarction of the
lateral wall. Subendocardial myocardial infarction
was diagnosed in the presence of persistent ST
segment depression and T wave inversion in the
praecordial leads. In addition, reciprocal changes
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existed invariably during the acute phase of myo-
cardial infarction.
None of these patients had a history of diabetes

mellitus, and in all the fasting blood glucose was
below II0 mg./Ioo ml. A standard glucose toler-
ance test was carried out at least two weeks after
an attack of myocardial infarction. In 34 patients
with a normal test, a prednisolone-primed glucose
tolerance test was done after administration of
I0 mg. prednisolone 8j and 2 hours before starting
the test, and this latter test was not carried out
until at least one week after the standard glucose
tolerance test on the recommendations of Sanders
(i96i).
The estimation of blood glucose was done by

Nelson's modification of Somogy's method using
venous blood (Nelson, I944). All patients received
at least 300 g. carbohydrate for at least 3 days be-
fore the test.
The controls consisted of convalescing patients

with various illnesses, none of which was known
to affect the glucose tolerance test. None of them
received drugs such as corticosteroids, benzothiad-
iazine diuretics, etc. which affect glucose tolerance.
The controls were studied likewise using the

standard and prednisolone-primed glucose toler-
ance tests, observing all the precautions men-
tioned above. The results were interpreted as
follows (Bahl et al., 1969).

(i) Standard glucose tolerance test Frankly
diabetic curve: blood glucose values within the
first hour i6o mg./ioo ml. or more, ij-hour values
I40 mg./ioo ml. or more, and 2-hour values

TABLE Mean blood glucose levels (mg./ioo ml.)
myocardial infarction and control cases

120 mg.fioo ml. or more. P'robably diabetic curve:
2-hour blood glucose estimation between I10 and
II9 mg./ioo ml., or one of the other blood sugar
values above the upper limits of normal (see be-
low). Non-diabetic curves: blood glucose levels
below i6o mg.fioo ml. in the first hour, ij-hour
value less than 140 mg./ioo ml., and 2-hour value
less than II0 mg./ioo ml.

(2) Prednisolone-primed glucose tolerance
test Abnormal response was indicated if the
2-hour blood glucose level was I40 mg.-IOO ml.
or higher (Sanders, I96I).

Observations
Standard glucose tolerance test was carried

out in 45 patients with myocardial infarction
starting before 45 years of age and in an equal
number of age-matched controls. Frankly
diabetic curves were obtained in II (24.4%)
patients, and probably diabetic curves in
another 2 (44%). Prednisolone-primed glu-
cose tolerance test was performed in the
remaining 34 patients, and 2i (46 6%) showed
abnormal responses.

In the 'control' subjects, frankly diabetic
curves were seen in 3 (6 6%), and I (2.2%)
patient showed abnormal handling of glucose
in the prednisolone-primed glucose tolerance
test.
The mean blood glucose levels in pre-

cocious myocardial infarction and the controls

with standard deviation in precocious

Standard glucose tolerance test Prednisolone-primed glucose
tolerance test

No. o hr. 2hr. r' hr. 2 hr. No. o hr. i/ hr. 2 hr.
Of of
cases cases

Precocious myocardial 45 85.I I52-0 135-5 Iio-i 34 I68-8 I50-I I38-9
infarction ±I2-33 ± 36-58 ±I536 + i6-o + 2-26 ±6.56 + i0o0

Controls 45 75.8 I38-7 I24-2 97.2 42 156-8 I40-3 I26-0
+28-68 +45-87 ± 2U45 ±14-04 ±9-43 ±8-o6 +8-og

Men with myocardial 41 84 95 I52-3 I35.9 II0-2 30 I68-7 I49.9 I38-8
infarction

Control men 37 76.8 I40-2 I23-6 I00-0 33 I56-9 I40-3 i26-4
±23 62 + 25-90 +I9-45 15-I8 +9 34 ±7.22 i8-o6

Women with myocardial 4 88.5 148-25 I32-0 I08-75 4 I69 75 I5I575 I39-5
infarction

Control women 8 81875 I4I-75 I27.375 I00-0 8 I56.375 I40-0 124.375
I9-69 ±658 +II-5I ±6.63 ±I0-0 +9-0 +II45

Myocardial infarction 7 86-6 I63-4 14I-4 II3-0 6 170-0 I52-2 I40-7
patients with positive 7-62 ±35-69 ±+2994 ±I5-22 ± 7-65 ±I2-83 +IO-02
family history

Myocardial infarction 38 79.8 I49-8 I34 4 I09-8 28 i68-6 I49-7 I38-5
patients without ±3'I54 ±37-38 I0-49 ±14-40 +5 39 ±4 76 ±8 83
positive family history

Obese patients with II 84.7 I42*9 I29I 9I-0 II I67-0 150-0 I40-2
myocardial nfarction +I2-66 +17.8I +23.54 +I558 ±6.65 ±6.o7 +5 36

Non-obese patients with 34 85.4 I53-9 137-6 113-6 23 I69 7 I49-9 I38-3
myocardial infarction +±II02 +44.82 +Io-o6 +I6-40o ±958 ±5.92 ±9-80
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are shown in the Table. Though all the mean
blood glucose values were higher in patients
with infarction, the differences were signifi-
cant at the 5 per cent level of significance only
for o-hour and ij-hour values in the case of
the standard test and for ij-hour and 2-hour
values in the prednisolone-primed test.
There were only 4 women in the myo-

cardial infarction group and 8 in the control
group. Mean blood glucose levels in them are

shown in the Table. The differences between
the two groups were statistically insignificant
for both the standard and prednisolone-
primed glucose tolerance tests. Of the 4
women with infarction, 3 showed higher
blood glucose when the prednisolone-primed
test was done and i was non-diabetic. In the
control group only i of the 8 women had an

abnormal curve when the prednisolone-
primed test was done, and the rest were non-

diabetic.
A positive family history ofdiabetes could be

elicited in only 7 patients with premature myo-
cardial infarction; 2 of them showed abnormal
responses with the prednisolone-primed test.
The mean blood glucose levels in those
with and without positive family history are

shown in the Table. The differences between
the two groups were statistically insignificant
for both tests.

Obesity was associated in ii patients with
precocious myocardial infarction, and of these
8 had abnormal curves on the prednisolone-
primed test. The mean blood glucose levels in
obese and non-obese patients with infarction
can be seen from the Table. Statistical analysis
revealed the differences to be significant at the
5 per cent level of significance only for the
2-hour value after the standard test. In the
prednisolone-primed test the mean blood glu-
cose values were not significantly different.

Hypertension was associated in only 3
patients with premature myocardial infarc-
tion. Two of them were frankly diabetic,
while the other patient showed higher 2-hour
blood glucose in the prednisolone-primed
test. The number of patients was too small for
statistical analysis.

Discussion
The incidence of abnormal glucose tolerance
as shown by both tests in a group of 45
patients with premature myocardial infarction
was 75.5 per cent compared to 8-8 per cent in
controls. Hatch et al. (I966) reported slight
intolerance after these tests in 70 per cent of
patients with coronary heart disease below 50
years of age. Tzagournis, Seidensticker, and
Hamwi (I967) and Tzagournis et al. (I968)

performed only the standard glucose tolerance
test in groups of 25 and 45 patients with myo-
cardial infarction below 40 years of age, and
observed abnormalities of glucose tolerance in
40 per cent and 37-7 per cent, respectively,
compared with 3-3 per cent of controls.
Tzagournis et al. (I967, I968) also reported
that the mean blood glucose levels were
higher in coronary heart disease than in con-
trols. Herman and Gorlin (I965) reported
that in a group of 77 patients with coronary
artery disease (of these 13 were less than 40
years and 37 were less than 50 years) the
fasting blood sugar level was abnormal in I3
patients. Of the remaining patients, intra-
venous glucose tolerance was performed in 42
patients, with 2I results in the diabetic range.
Thus the total yield of abnormality in 55 sub-
jects completely studied was 62 per cent.
Furthermore, 12 patients below 40 years of
age had either the preclinical diabetic state or
hyperlipidaemia or both.
Thus glucose intolerance appears to be an

important risk factor in the genesis of pre-
cocious coronary heart disease. However, the
incidence of diabetes in precocious coronary
heart disease varies only from 3.5 per cent
(Lukl, I966) to 5-5 per cent (Banerjea, I967)
in different series with precocious coronary
heart disease. The wide differences in the
incidence are due to the fact that, (i) there is
no unanimity of opinion regarding the age at
which myocardial infarction is to be con-
sidered precocious, and (2) different tests are
performed with variable diagnostic blood
glucose levels to label a patient diabetic. One
more aspect of this problem which needs our
consideration is the fact that similar abnor-
malities of glucose tolerance have been shown
in patients of all ages with myocardial infarc-
tion, and the incidence is variable from 35.7
per cent (Kimber and Phear, I965) to 8o03
per cent (Lal et al., I967) when both the
standard and prednisolone-primed glucose
tolerance tests are performed. But one would
have expected a lesser incidence of such
abnormalities of glucose handling in pre-
cocious myocardial infarction when it is
realized that glucose intolerance increases
with increasing age (Blumenthal and Berns,
I964). Thus, aberrations of glucose metabol-
ism possibly play an even more significant
role in the genesis of myocardial infarction in
young patients.
Though the number ofwomen in this series

was small, no difference in the incidence of
abnormal glucose tolerance in the two sexes
was found. Obesity, hypertension, and posi-
tive family history of diabetes did not appear
to affect glucose tolerance in premature myo-
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cardial infarction. Reaven et al. (I963) and
Bahl et al. (I969) arrived at similar conclu-
sions when cases of myocardial infarction in
all age-groups were studied.

Various explanations for these abnormali-
ties of glucose tolerance after myocardial in-
farction include temporary disturbances of
vegetative brain centres and cardiac shock.
Hepatic damage resulting from cardiac failure
may be another factor causing glucose in-
tolerance. Using lactic dehydrogenase (LDH)
isoenzyme studies, Van der Helm and
associates (I962) found that besides the
appearance of 'heart' pattem of LDH iso-
enzyme distribution after recent myocardial
infarction, some patients also had more intense
isoenzyme activity in the LDH5 position, thus
suggesting hepatic damage. This was subse-
quently confirmed by Aber et al. (1966)
using bromsulphalein and serial LDH iso-
enzyme studies in IO patients with myocardial
infarction. Other factors responsible for these
alterations in glucose tolerance include in-
creased production of epinephrine or epine-
phrine and glucocorticoids (Forssman, 1954),
production of an insulin antagonist in cases
with myocardial infarction (Vallance-Owen
and Ashton, I963), and chronic overnutrition
(Hatch et al., I966). Reaven et al. (I963) have
suggested that diabetes mellitus and athero-
sclerosis are due to a more fundamental defect.
The view of Sowton (I962) that cardiac in-
farction precipitates latent diabetes mellitus is
generally accepted.
The pathogenesis of atherosclerosis in

diabetes mellitus is not clearly understood.
Various biochemical factors have been in-
criminated (Bradley and Partamian, I965). It
is also possible that this may be a part of
specific diabetic microangiopathy which con-
sists of thickening of capillary basement mem-
brane due to deposition of PAS-positive
material, with resulting interference in ex-
change of gases and metabolites (Herman and
Gorlin, I965). According to these authors
such changes in the nutrient vessels of
coronary arteries, though not thus far shown,
may exist early in life and predispose to the
premature changes that are seen.

Thanks are due to Brigadier H. B. Lal, Consultant
in Medicine and Medical Superintendent, Willing-
don Hospital, New Delhi, for his advice, constant
encouragement, and permission to publish this
paper; to Dr. A. N. Bahl, Biochemist, for valuable
help in blood sugar estimations; and to Mr. V. C.
Gupta, Statistical Assistant, Central Government
Health Scheme, for help in the statistical analysis
of the data.
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