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Summary. To investigate the cause of glucose intoler- 
ance (GIT), frequently seen during acute myocardial  in- 
farction (AMI), seventeen males without  his tory of dia- 
betes were studied with intravenous glucose tolerance 
tests within seventy-two hours after uncomplicated 
myocardial  infarction and again three weeks later.  Seventy 
percent (12/17) of the patients showed GIT during AMI. 
In  7 of these pat ients  (41%) glucose tolerance (GT) remain- 
ed abnormal  after 3 weeks. In  addition, all 7 showed mark- 
edly dinainished insulin responses to glucose during both  
the acute and subacute phase. Therefore, their  GIT was 
considered to be due to newly-recognized chemical dia- 
betes. In  the remaining pat ients  in whom the init ial ly 
depressed GT improved during SMI elevated serum levels 
of FFA,  insulin, t I G I t  and cortisol suggested the tem- 
porary  presence of insulin antagonism. Increased adrenal  
medul lary ac t iv i ty  was not  found to be a major  factor 
inhibiting glucose tolerance. 

Troubles hormonaux et mdtaboliques duraut l'infarctus 
du myocarde aiguet subaigu ehez l'homme 

ttdsumd. Afin de rechercher la cause de l ' intoldrance an 
glucose qui se manifeste souvent ~ l 'occasion d 'un  in- 
farctus du myocarde aigu, nous avons dtudid 17 sujets 
masculins non diabdtiques au moyen de tests de tol6rance 
au glucose intra-veineux duns les 72 heures qui ont suivi 
un infarctus du myocarde sans complications, et de nouv- 
eau 3 semaines plus tard.  70~o (12/17) des sujets out mon- 
trd une intol6rance au glucose pendant  l ' infarctus du 
myocarde aigu. Chez 7 de ces sujets (41%), la tolerance 
au glucose est rest6e ano~Tnale apr@s 3 semaines et, de 
plus, les 7 sujets ont  montr6 des rdponses d'insuline au 
glucose net tement  diminudes durant  la phase aigiie et 
subaigiie. Pour cette raison, nous avons consid6r6 que 
leur intol6rance au glucose graft due ~ un diab@te chimi- 
que. Chez les autres sujets qui onb montr6 une am@liora- 

finn du test  de glucose, au d@ar t  mal tolgrd, des t aux  
61evds d'acides gras tibres du sdrum, de l ' insuline, de 
l 'hormone de croissance humaine et de la cortisone sugg~- 
rent  la prdsence temporaire d 'un  antagonisme de l ' insu- 
line. L 'augmenta t ion  des catgcholamines ne semble pas 
6tre la raison principale de la mauvaise tol6rance au glu- 
cose. 

Hormonelle und metabolisehe StSrungen wdhrend des 
at~uten and subakuten Herzinfarktes 

Zusammenfassung. Die mSglichen Ursachen fiir die 
w~hrend eines akuten Myokardinfarktes hgufig beobach- 
tete  schlechte Glucosetoleranz wurden untersucht.  An 17 
m~rmlichen Pat ienten wurden 72 Stunden nach einem 
unkomplizierten akuten Myokardinfarkt  und drei Wochen 
sparer intraven5se Glukosetoleranztesbe durchgefiihrt.  
70% (12/17) aller Pat ienten zeigten w~hrend der akuten 
Phase eine anormale Glukosetoleranz. Bei 7 dieser Pa- 
t ienten blieb die Glukosetoleranz auch nach 3 Wochen 
noch abnormal.  Diese 7 zeigten aul~erdem eine deutlich 
verminderte  Insulinsekretion nach Glukosestimulierung 
w~thrend der akuten und der subakuten Phase. Daher 
warden diese abnormalen Glukoseteste als Anzeichen tines 
neu erkannten Diabetes mellitus angesehen. Bei den iibri- 
gen Pat ienten,  die nach einer anf~nglieh schlechten Glu- 
kosetoleranz w~hrend der subakuten Phase eine Bessertmg 
zeig~en, liel~ die ErhShung der freien Fetts~uren,  des In- 
sulins, des Wachstumshormons und des Cortisonspiegels 
einen voriibergehenden Zustand yon Insulinantagonismus 
vermuten.  Eine erh6hte Katecholaminsekret ion war kein 
I-Iauptfaktor bei der Entstehung der schlechten Glukose- 
toleranz des akuten I-Ierzinfarktes. 

Key-words: Glucose intolerance, myocardial  infarc- 
tion, insulin response, insulin antagonism, FFA,  t t G t t ,  
cortisol levels, catecholamines. 

Introduction 

Acute  myoca rd ia l  infarc t ion  (AMI) is f r equen t ly  
associa ted  wi th  impa i r ed  glucose tolerance,  the  cause 
of which is poor ly  unders tood.  This  glucose in to lerance  
is t r ans i en t  and  in mos t  cases only  de tec tab le  wi th  
glucose to lerance  tes t s  [33, 7]. S t ress- induced ad rena l  
h y p e r a c t i v i t y  is genera l ly  considered to  be  responsible  
for th is  a b n o r m a l i t y  of glucose metabol i sm.  I n  suppor t  
of th is  hypothes is ,  increased u r i na ry  ca techolamine 

* Supported in par t  b y  the Genesee Valley I{eart  
Association, l%ochester, New York and PHS Research 
Grant  No. 5 MOI 1%1%349. 

excre t ion  a n d  e leva ted  levels of serum cort isol  have  
been r epor t ed  in  m a n y  pa t i en t s  af ter  acute  m y o c a r d i a l  
infarc t ion  (32, 14, 10, 16). 

The presen t  s t u d y  was per formed  to fu r the r  c lar i fy  
the  metabol ic  and  hume ra l  a l t e ra t ions  p resen t  dur ing  
the  acute  and  subacute  phase  of myoca rd i a l  in farc t ion  
and  to eva lua te  the i r  re la t ionship  to  glucose intolerance.  
To do this ,  in t ravenous  glucose to lerance  tes t s  were 
pe r fo rmed  in 17 pa t i en t s  wi th  acute  myoca rd ia l  infarc-  
t ion  and  again  3 weeks la ter .  Measurements  of serum 
glucose, insulin,  g rowth  hormone  (I-IGtl), free f a t t y  
acids (FFA) ,  cortisol,  cholesterol  and  t r ig lycer ides  as 
well as 24 hour  u r i na ry  excre t ion  of van i l ly lmande l i c  
ac id  (VMA) or ea techolamines  were per formed.  
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Methods 

Patients: Seventeen male patients between 36 and 
60 years of age (mean age 48.4 years) with acute myo- 
cardial infarction were studied between 48 and 72 hours 
after the onset of infarction and restudied three weeks 
later. Informed consent was received from all patients. 
The diagnosis of acute myocardial infarction was made 
in all patients on the basis of clinical history, elevation 
of serum transaminases and/or diagnostic electrocar- 
diographic changes. Only patients who were stable at  
the t ime of testing and were free of significant ventri- 
cular arrhythmias (less than  5 eetopic beats per minu- 
te), pulmonary congestion or hypotension were studied. 
Patients were not selected for sex, however, only male 
patients with myocardial infarction were admit ted to 
the hospital during the t ime of this study. All patients 
admit ted to the s tudy were nonobese (weight range 
97-- 1151),  1 normokalaemic, without known liver di- 

comparable information on glucose utilization (K- 
value) [33], is innocuous, a good st imulatory test for 
insulin and a more physiologic test  than IV insulin for 
growth hormone secretion. Previous studies in normal 
subjects have shown tha t  intravenous glucose enhances 
insulin secretion (35) and frequently produces a rise of 
serum growth hormone 90 minutes or more after glu- 
cose infusion [23]. Tests were performed after an over- 
night fast with the patient  at  bedrest. Glucose (0.5 
gram per kilogram body weight) was injected intra- 
venously within three minutes as a 25% solution. 
Blood samples were drawn from an indwelling needle 
in an antecubital vein kept  patent  with a slow infusion 
of isotonic saline. Samples were obtained at 0, 10, 20, 
30, 40, 50, 60, 90 and 120 minutes after termination of 
the glucose injection. 

Diet: The patients diet during the 48--72 hours 
prior to the test  consisted of a mixed soft diet supple- 
mented with various amounts of dextrose in water 

Table 1. K values of glucose disappearance (percent-per minute) during intravenous 
glucose tolerance tests in patients with acute myocardial infarction (AMI)  and three 

weelcs later (SMI)  

Group I I  a Group I 
Pt. # Age K(AMI) K(SMI) Pt. ~ Age K(AMI) K(SMI) 

1 39 0.95 1.17 2 54 0.73 1.09 
5 41 0.95 1.29 3 58 0.59 0.75 
6 40 1.45 2.26 4 42 0.70 1.09 
7 59 0.97 1.62 11 58 0.99 0.67 
8 43 1.19 1.48 12 45 0.97 1.12 
9 44 1.29 0.76 b 14 42 0.97 0.87 

10 63 1.59 0.95 b 17 53 0.99 0.71 
13 52 0.83 2.12 
15 36 1.49 2.69 
16 56 0.57 1.49 

n 10 10 10 7 7 7 
Mean 47.30 1.13 1.58 50.29 0.85 0.90 
SEM 2.98 0.10 0.18 2.70 0.06 0.07 

P < 0.05 NS 

a See text for criteria of classification for Group I and Group I I  
b These patients showed symptoms of a sympathetic reaction during the second 

test. 
NS not significant (P > 0.05). 

sease and none had diabetes or other endocrinopathies. 
None had received diuretics or cortical steroids. All 
but  three patients had a history of coronary heart  
disease. Fifteen healthy male volunteers served us 
normal controls. The growth hormone and insulin data 
of this group have been reported in previous publi- 
cations [4, 5]. Insulin values were available in only 12 
of these 15 controls. Because of a different technique 
to measure FFA used in this study, the FFA data of 
these normal controls could not be used. Instead, con- 
trol FFA values have been taken from the literature 
[28]. 

Intravenous Glucose Tolerance Test ( I V G T T )  : The 
IVGTT was selected because it  provides precise and 

1 From Metropolitan Life Insurance Tables, 1959. 

given intravenously resulting in a daily carbohydrate 
intake of between 200 and 300 grams. 

Laboratory Measurements: Blood sugar was deter- 
mined by  the ferricyanide method of Itoffman, modi- 
fied for use with the autoanalyzer [11]. Serum IItGII 
and insulin were measured by  double ant ibody radio- 
immunoassay techniques [26, 3]. All H G I I  and insulin 
levels in this s tudy were determined in a single assay 
in order to exclude possible fluctuations from assay to 
assay. Free fa t ty  acids were measured by the micro 
colorimetrie method of Dnncomb [9], using the Dole 
extraction procedure [8]. VMA levels were measured 
by the method of Pisano [20] and catecholamines by  
the method of Sobel and Henry  [25], both by  Bio- 
Science Laboratories, Van Nuys, California. Normal 
limits for VMA are 0.7--6.8 rag/24 h and for catechol- 
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amines up to 103 Fg/24 h. Total cholesterol was deter- 
mined with the autoanalyzer with a modification of the 
Liberman-Burchard reagent [30]. Triglycerides were 
measured enzymatically with Biochemica Test Com- 
bination (Boehringer, Mannheim, Germany) [2]. Blood 
for serum cortisol determinations were drawn between 
8 a.m. and 10 a.m. The samples were assayed by  
Dr. Don S. Schalch at  the Strong Memorial Hospital, 
Rochester, New York, using Murphy's competitive 
protein-binding radioassay [18]. Normal values are 
from 6--26/~g/100 ml. 
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Fig. 1. Serum insulin concentration during intravenous 
glucose tolerance tests in patients with acute myocardial 
infarction (AMI) and three weeks later (SMI). The shaded 
area represents normal controls (mean 4- SEM). See ~ex~ 

for criteria of classification into Group I and I I  

as an approximation. Statistical analysis was perform- 
ed using Student 's  t-test  for paired and unpaired 
samples. 

Results 

Incidence of GIT: Fasting blood glucose was normal 
in all seventeen patients during the acute and subacute 
phase, the highest value being 104 rag/100 ml. In  spite 
of this, twelve of the seventeen patients with AMI 
(70%) showed diabetic glucose tolerance ( K <  1.00). 
On the basis of the glucose and insulin data obtained, 
the seventeen patients were divided into two groups. 
Group 1 includes seven patients with abnormal glucose 
tolerance and, in addition, marked blunt ingoftheear ly  
insulin response to IV glucose during both AMI and SMI 
(Table 1, Figure 1). They were, therefore, considered 
to have chemical diabetes. Group I I  includes the 
remaining ten patients. In  seven of these patients 
glucose tolerance was normal during one test  and 
abnormal during the other. Two showed normal glucose 
tolerance during both tests. One patient  ( 44 1) although 
demonstrating subnormal K values during AMI and 
SMI had good insulin responses on both occasions. The 
only patients in whom glucose tolerance had deteriorat- 
ed between the first and the second test  were patients 
# 9 and 44 10. They had normal glucose tolerance 
during AM[ and showed diabetic K values at  the 
second test. Both exhibited marked apprehension and 
demonstrated transient tachycardia, diaphoresis and 
pallor at  the beginning of the second test  period. Their 

Table 2. Early (0--20 rain) and late (20--120 rain) 'integrated serum insulin response' (XIRI)  to intravenous glucose in 
patients with acute myocardial infarction (AMI)  and three weeks later (SMI)  and in normal controls. (Mean 4- SEM)  

X l g I  AMI 
#U • min/ml 0--20 min 

SMI 
20--120 min 0--20 min 20--120 mill 

Group I I  1779 4- 264 6455 4- * 1305 1516 4-4- 203 4080 4- 490 
n = 10 p < 0.01 p < 0.05 p < 0.01 p < 0.001 
GroupI  7274- 97 32394- 372 7444- 116 26104-314 
u = l  

0-- 20 min 20-- 120 min 
Normal Controls 1548 • 159 3927 4-* * 538 
n =  12 

Significance of differences: 
* Group I I  (20--120 min) AMIvs  SMI 

** Normal Controls (0--20 min) vs Group I (0--20 min) 
p < 0.05 
p < 0.01 

Calculations: The K-rate of glucose disappearance 
(percent glucose disappearing from the blood per 
minute) was calculated according to Wahlberg [33]. 
K-values above 1.20 were considered normal, K-values 
between 1.00 and 1.19 borderline abnormal, and K- 
values below 1.00 definitively diabetic [6]. Methods for 
direct measurement of total  pancreatic insulin output  
in man are not available. Therefore, the area circum- 
scribed by the serum insulin curve and expressed as 
micronnits times minutes per milliliter, the so-called 
"integrated serum insulin response" (X IRI) was used 

impaired glucose tolerance during this test  was, there- 
fore, felt to be due to a sympathetic reaction. Unfor- 
tunately, both refused to be retested. 

Insulin 

Fasting serum insulin levels were normal (range 
2--24 #U/ml) in all patients. 

Group I:  As can be seen in Figure 1, there was, 
however, a marked blunting of the early insulin re- 
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sponse during AMI and SMI in all seven patients. 
Consequently, the early " tota l  integrated insulin re- 
sponse" of this group was significantly smaller than in 
both the normal controls and the Group I I  patients  
(Table 2). 

Group / / :  Only patients 4r 9 and ~r 10 showed 
clearly reduced insulin levels (36 and 40 #U/ml at the 
10 minute interval during SMI), supporting our 
assumption tha t  these patients experienced an epine- 
phrine reaction during the second test. The other eight 
patients exhibited prompt  and adequate insulin re- 
sponses to IV glucose during AMI and SMI, resulting 
in mean insulin levels of 103 and 70 #U/ml respectively 
at  the 10 minute interval. (Fig. 1). This early insulin 
rise was comparable with the one observed in healthy 
volunteers. However, while insulins in the normal con- 
trols reached maximal  levels at  10 minutes and declined 
thereafter,  eight (all except 4~ 9 and ~r 10) Group I I  
patients demonstrated a continuous rise with peak 
insulin levels occuring between the 20 and 90 minute 
interval during AM/. This was reflected in considerably 

Growth Hormone 

Fasting H G t I  levels during both acute and subacute 
myocardial infarction were well within normal limits 
(less than 3 m~g/ml) in all patients. During acute 
myocardial  infarction, mean H G H  concentration in 
Group I I  patients rose fourfold from a fasting level of 
1.1 m~g/ml to a peak of 4.6 m~g/ml at  the 60 rain 
interval (p <0.02)  (Table 3). This rise was due to a 
significant increase in H G H  concentration in seven of 
ten patients within one hour after glucose injection. 
The onset of this increase occurred at  30 rain in four 
and at  60 rain in three patients. By  comparison, a 
growth hormone rise before the 60 rain interval was 
seen in only two of the Group I patients and in none 
of fifteen healthy volunteers as shown in a previous 
publication [5]. During SMI such a paradoxical early 
H G H  rise was observed in only one patient  of either 
group. Peak H G H  concentrations during acute myo- 
cardial infarction correlated well with peak insulin 
concentrations (r = 0.86, ~o < 0.01). 

Table 3. Serum growth hormone (m~g/ml) during intravenous glucose tolerance tests in patients with acute myocardial 
infarction (AMI)  and three weeks later (SMI)  and in normal controls 

AMI SMI 

F 30 60 90 120 F 30 60 90 120 
Group II Mean 1.06 2.91 4.60 3.36 2.53 0.78 0.74 2.14 3.13 5.41 

SEM 0.11 1.09 1.16 0.88 0.61 0.19 0.19 1.31 1.08 1.92 
n = 1 0  

p* NS < 0.01 < 0.02 < 0.05 NS NS < 0.05 < 0.01 
Group I Mean 1.14 1.03 2.83 1.34 1.74 1.06 1.57 1.37 0.89 1.03 

SEM 0.22 0.33 1.28 0.42 0.82 0.32 0.73 0.60 0.08 0.31 
n = 7  

p* NS NS NS NS NS NS NS NS 

Normal 
Controls 

n =  15 

Mean 0.76 0.56 0.61 0.72 i.70 
SEM 0.10 0.06 0.05 0.13 1.12 

p* NS NS NS NS 

* Significance of difference from fasting HGH concentration 

Normal controls vs Group I I  (AMI) 30 rain 60 rain 
p < 0.05 p < 0.01 

Normal controls vs Group I I  (SMI) 90 rain 
p < 0.05 

NS, not significant 

90 rain 
p < 0 . 0 1  

greater than normal late " tota l  integrated insulin" 
values. (Table 2). A clear trend towards improvement  
of insulin secretion in these patients was visible three 
weeks later. At this time, half of the patients showed 
maximum insulin levels at  the ten minute interval and 
the mean late " tota l  integrated insulin response" was 
the same as in the normal controls. The association of 
transient hyperinsulinism and a relatively depressed 
glucose tolerance suggested tha t  some form of insulin 
antagonism was present in eight of the ten Group I I  
patients. 

Serum Cortisol and Urinary V M A  or Catecholamines 
(Table g): Serum cortisol levels were elevated in 6 of 
9 Group I I  patients during ANII. Three weeks later 
cortisol concentrations had increased in four, decreased 
in five and were still abnormally high in five patients. 
There was no correlation between glucose tolerance 
and serum eortisol concentrations (r - -  0.136, p < 0.8). 
Cortisol was measured in four Group I patients and 
was found elevated in two of them during AMI and 
SNII. The 24 h urine excretion of VMA or catechol- 
amines was within the normal limits in all but  three 
patients (all in Group I I )  during AMI. 

18" 
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Serum Triglycerides and Total Cholesterol (Table 5) : 
Serum triglyceride and total  cholesterol levels were 
within normal  limits in most  patients.  I n  a few pat ients  
mild hyperlipidaemia was seen in one test  bu t  not  in the 
other. No significant differences of mean triglyceride or 
total  cholesterol levels comparing the acute and sub- 
acute phase of myocardial  infarction were observed. 

Free Fatty Acids (Fig. 2) : Mean fasting free f a t ty  
acid levels were clearly elevated in all pat ients  during 
AMI (range 925--1490). During SMI mean free f a t t y  
acid concentrations of the Group I I  pat ients  had  nor- 
mMized, whereas those of the Group I pat ients  re- 
mMned elevated Mthough to  a lesser degree than  during 
AMI. Free f a t ty  acid levels (all 17 patients) showed a 
negative correlation with glucose disappearance (K- 
values) ( r =  - -0 .70,  p < 0.01). 

Table 4. Serum cortisol and 2d h urinary excretion of V M A  
or catecholamines in patients with acute myocardial infarc- 

tion ( A M I )  and three weelcs later ( S M I )  

AMI SMI 

Pt. # VMA Cortisol VMA Cortisol 
rag/ #g/ rag/ fig/ 
24 h 100 ml 24 h i00 ml 

Group II 
n = 1 0  

1 1.8 30.8 --  30.0 
5 5 . 8  - -  < 1 . 0  - -  

6 10.8 14.0 4.4 28.4 
7 128" 20.2 -- 26.2 
8 3.8 27.2 -- 21.6 
9 3.6 34.0 - -  42.4 

10. 136" 34.0 -- 35.7 
13 2.2 23.6 -- 13.6 
15 56* 34.0 -- 16.2 
16 3.0 29.6 -- 21.6 

Mean 27.5 26.1 
SEM 2.3 3.0 

Group I 
n=7 

2 6 . 6  - -  < 1 . 0  - -  

3 5 . 4  - -  < 1 . 0  - -  

4 4.4 -- < 1.0 -- 
11 2.2 24.6 -- 19.0 
12 3.6 32.2 -- 26.4 
14 98* 22.6 -- 18.4 
17 4.4 30.8 -- 30.0 

Mean 27.6 23.5 
SE?r 2.3 2.8 

* Cateeholamines (rag/24 h) 

Discussion 

Seventy-percent  of the pat ients  in this s tudy  had 
diabetic glucose tolerance within 72 h after an  acute 
myocardial  infarction, a l though none of them had  
glucosuria or an abnormal  fasting blood glucose. Three 
weeks later 24% still had diabetic and another  24% 
borderline abnormal  glucose tolerance. These figures 
agree well with reports f rom other investigators. I n  
Datey ' s  series [7], abnormal  glucose tolerance tests 
were seen in 65% of 145 patients within 72 h and in 
29% one month  after myocardial  infarction. Sowton 
[29] studied 30 patients and found tha t  glucose taler- 

ance was abnormal  in 73% immediate ly  after and in 
43 % 6 months  after infarction. 

Known  diabetogenic factors such as obesity, old 
age, hypokalaemia and t rea tment  with diuretics or 
cortical steroids could be excluded in this s tudy.  Never-  
theless, uncertainties remain. Almost  all pat ients  had  
received narcotics and/or  analgetics, some lidocMne 
and others the ant icoagulant  sodium warfarin. There 
is at  present little information on the influence of 
these drugs on glucose tolerance. 

Table 5. Fasting serum cholesterol and ~rigtyceride levels in 
patients with acute myocardial infarction ( A M I )  and three 

wee]~s rater ( S M I )  

AlVlI SMI 

Choles- Trigly- Choles- Trigly- 
feral cerides feral cerides 
rag/ mg/ nag/ rag/ 
100 ml 100 ml 100 ml 100 ml 

Group I I  Mean 250.3 137.0 254.4 138.3 
n = 10 SEM 13.0 16.0 17.0 17.0 

Group I 2~ean 235.0 136.1 273.0 127.7 
n = 7 SEM 20.7 17.4 18.0 22.2 

o-----.o AMI'~ Group][ 
120 o oSM U n=10 

T �9 . . . . .  ~ AMI~ GroupI  

/ T �9 . s M u . 7  100 

'J ;IT ~- " l- A .L Normal controI 
> o. / , ,  ~ "-.~ n=13 

~.. 80 2 ~  ; ' . ~ "  ".,., Mean +sem 

- r " """'-. 
~60 x 

E 

20 

P , i i �89 
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Fig. 2. Serum free fatty acid concentration (FFA) during 
intravenous glucose tolerance tests in patients with acute 
myocardial infarction (AhII) and three weeks later (SM[). 
The shaded area represents normal controls (mean~: 

SEM). (Taken from Schalch et al. 9) 

A high incidence of diabetic glucose tolerance has 
been found by  m a n y  investigators in pat ients  with 
ischaemic hear t  disease [23, 34]. Therefore, i t  was no t  
surprising tha t  seven of the 17 pat ients  (41%) who 
appeared to  be diabetic could be separated f rom the  
rest. I n  these patients,  diabetic or subnormal  glucose 
tolerance, a blunted insulin response to  glucose, and 
high fasting F F A  levels were present during the acute 
phase and persisted th rough  the subacute phase of the 
myocardial  infarction. A diminished early insulin re- 
sponse to  glucose has recently been shown to be charac- 
teristic of diabetes mellitus [4, 24, 13]. I t  would appear,  
therefore, t ha t  in these 7 pat ients  glucose intolerance 
was primari ly due to  impaired insulin secretion i.e., 
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diabetes. Certainly, longer follow-up studies in our 
seven patients will be necessary to determine whether 
their glucose tolerance remains permanently depressed 
and whether they will eventually become overtly dia- 
betic, since it is well known that the results of intra- 
venous glucose tolerance tests show some variation with 
time [33, 12]. Studying 74 patients post myocardial 
infarction, Wahlberg [33], however, found that whe- 
reas the individual variation of glucose tolerance was 
rather great at times, it did not often lead to a change 
in classification. Only 16 % of his patients who initially 
had diabetic or borderline values were normal when 
re-examined from six to more than 24 months later. 

Insulin secretion in Group II  patients was found to 
be markedly different from the insulin hyposecretion 
seen in the "diabetic" Group I patients. The former 
responded promptly to intravenous glucose with ade- 
quate insulin output (patients # 9 and # 10 being the 
only exceptions). They showed, however, prolonged 
insulin secretion reaching peak insulin levels between 
20 and 90 rain after glucose infusion. This pattern of 
prolonged and consequently increased insulin secretion 
associated with glucose intolerance is frequently seen 
in conditions such as obesity, acromegaly, after injec- 
tion of HGH, during late pregnancy and has also been 
reported in patients with ischaemic heart disease [31] 
and myocardial infarction [19, 15]. I t  is considered to 
indicate insulin antagonism, i.e. a situation wherein 
insulin is partly prevented from manifesting its biologi- 
cal action, resulting in continuing fl cell stimulation 
and compensatory hypersecretion of insulin. Thus, it 
appears that insulin antagonism rather than deficiency 
might have had a major role in the aetiology of the 
depressed glucose tolerance in the majority of the 
Group II  patients during acute myocardial infarction. 
The possibility that some of these patients (particu- 
larly Patient @ 1) might be diabetics as well cannot be 
excluded. 

HGH is a well-known insulin antagonist. Evidence 
for a blood sugar regulatory role of physiological HGH 
fluctuations has been found by several laboratories 
[17, 27]. Yalow et al. [36] performed repeated glucose 
tolerance tests in the same subjects, and found an 
almost constant association between the magnitude of 
the HGII response and the subsequent glucose intoler- 
ance several hours later. In this study, markedly ab- 
normal growth hormone secretion was seen in the 
Group II  patients showing signs of insulin antagonism. 
During AMI, 7 of these 10 patients compared with 
only 2 of 7 Group I patients had an increase in growth 
hormone during the first hour after glucose injection, 
at which time growth hormone secretion is completely 
suppressed in normals. The paradoxical early rise in 
serum t t G H  concentration during AMI and the nor- 
malization of the secretory pattern during SMI suggests 
that there was a transient disturbance of the hypo- 
thalamo-hypophyseal growth hormone releasing me- 
chanism, the cause of which remains unknown. This 
disturbance was likely to result in an overall increased 

HGH release since the pituitary glands of these patients 
probably responded to stimulatory and to normally 
suppressing impulses with secretion of HGH. The 
finding that the Group II  patients with the highest 
I tGtt  levels also showed the highest insulin levels 
would seem to support the thesis that HGH indeed 
exerted an anti-insulin effect during acute myocardial 
infarction. Results similar to ours showing that over 
50% of patients with acute myocardial infarction have 
increased HGIt secretion during the first 60 rain of an 
intravenous glucose tolerance test were recently pub- 
lished by Lebovitz [15]. 

Fasting FFA levels in patients with acute myo- 
cardial infarction were almost twice as high as in 
normals. Their decrease during the subacute phase in 
Group II  patients was paralleled by improved glucose 
tolerance. In addition, increasing FFA concentrations 
correlated well with decreasing K-values in patients of 
this group. 

Although these data do not conclusively establish, 
they are nevertheless suggestive of a cause and 
effect relationship between FFA and glucose intoler- 
ance. I t  is well known that a variety of hormones such 
as ACTH, TSH and glucagon produce elevated FFA 
concentration in several species under various experi- 
mental conditions [22, 1]. HGH and the catecholami- 
nes presently are the only known substances for which 
it has been unequivocally demonstrated that endo- 
genous secretion has adipo-kinetic effects. Urinary 
catecholamines were within normal limits in all but 
three patients. Growth hormone secretion, however, 
was abnormal and could conceivably have increased 
lipolysis resulting in decreased insulin sensitivity and 
a further increase of lipolysis. Cortisol levels were 
elevated in 6 of 9 Group II  patients during AMI. 
Nevertheless, it appears questionable whether this 
insulin antagonist contributed significantly to their 
GIT since no correlation between serum cortisol and 
glucose tolerance was observed at any time. 

Myocardial infarction is commonly associated with 
considerable physical and psychological stress, resul- 
ting in increased adrenergic activity. I t  has been 
demonstrated that elevated levels of catecholamines 
are associated with inhibition of pancreatic insulin 
release in response to glucose [21] and increased FFA 
levels secondary to enhanced lipolysis. By either me- 
chanism, catecholamines could conceivably impair 
glucose tolerance. In this study only three patients had 
elevated urinary VMA or eatecholamines. These find- 
ings are consistent with the observations of others 
[32, 14, 10], in which catecholamine excretion was not 
found to be significantly elevated in patients with 
uncomplicated myocardial infarction. These workers 
also found that eateeholamine levels had returned to 
normal 48--72 h after infarction in those patients in 
which they were initially elevated. Therefore, it appears 
unlikely that catecholamines are an important factor 
responsible for the glucose intolerance found three days 
or more after uncomplicated myocardial infarction. 
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