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Summaz'y. In  a s tudy a~ the Serafimerlasarettet, Stock- 
holm, it was found that  low intravenous glucose tolerance 
(IVGT) in survivors from a first myocardial infarction 
without manifest diabetes reflected a chronic state and 
implied a poor long term prognosis. In  a controlled study 
of secondary preventive treatment with tolbutamide in 
178 such patients the survival rate improved significantly 
over t ~ - -  2 years. This applied particularly to these with 
abnormal IVGT, who during the hospitalization had 
revealed signs suggestive of heart  failure. -- Also, the 
results of a controlled trim of primary _preventive anti- 
diabetic t reatment  performed in Bedford, England, 
showed that  in 248 borderline hyperglycaemie individuals 
the incidence of new arterial events over 5--7  years was 
significantly lower in those treated with tolbutamide. -- 
These findings indicate that  progress of arterial disease 
assumed to be enhanced by impaired carbohydrate meta- 
bolism may  be retarded by early tolbutamide treatment. 

Traitment pr~ventif par le tolbutamide et maladie ar- 
tdrielle darts l'hyperglycdmie rood&de 

t~swrad. Chez des patients hyperglyc@mlques, l'effet 
b6n6fique d 'une thgrapeutique ~ long terme par le tol- 
butamide, eonstat6 dans lo pr@sent travail ainsi quo dans 
eelul de Keen et eollaborateurs, montre que la progression 
de la maladie art<~rietle, qui se, rai~ due k un m6tabolisme 
perturb4 des hydrates de carbone, pent 6tre retard@e par 
un traitement au tolbutamide. -- I1 est possible cepen- 
dant, en accord avee I'6tude amdricaine de I 'UGDP, 
qu'aprgs une d6eompensation plus importante du m6tabo- 
lisme des hydrates de carbone avee d6veloppement d 'un  
diabgte manifesto, le traitement par le tolbutamide ou 
l'insuline n 'a i t  plus d'aetion b6ngfique sur le syst6me 
cardiovasenlaire, en comparaison avee le r6gime seul. 

Pr(~ventivbehancllung mit Tolbutamid und arterielle 
Gefi~flkranlcheit bet milder Hype~glylc(tmie 

Zusammenfassung. In  einer Untersuchung am Sera- 
fimerlasarettet, Stockholm, wurde festgestellt, dal3 eine 
niedrige intravenSse Glucosetoleranz bet ~berlebenden 
eines ersten Myokardinfarktes ohne manifesten Diabetes 
einen chronisehen Zustand widerspiegelt und eine schlechte 
Langzeit-Prognose bedeutet. In  einer kontrollierten 
Studie der Sekund/irpr~,vention mit  Tolbutamidbehand- 
lung bei 178 solcher Patienten besserte sieh die t~,ber- 
lebensrate signifikant fiber t 1//2 bis 2 Jahre. Dies traf 
besonders fiir Patienten mit  abnormer intravenSser Glu- 
cosetoleranz zu, die w//hrend der ]?Iospitalisierung Zeiehen 
einer I~Ierzinsuffizienz geboten hatten. -- Die Ergebnisse 
eines kontrollierten Versuehs zur prim/irprgventiven, 
antidiabetischen Behandlung, der in Bedford, England 
durchgeffihr~ worden war, zeigten ebenfalls, dal? das Vor- 
kommen neuer arterieller Komplikationen bei 248 Per- 
sonen mit Grenzfall-ttyperglykgmien fiber 5 bis 7 Jahre 
bei denen signifikant niedriger war, die mit Tolbutamid 
behandelt worden waren. -- Diese Befunde zeigcn, dal3 
die Progression der arterielIen Erkrankung, yon der anzu- 
nehmen ist, dal3 sic dureh den gestSrten Kohlenhydrat-  
Stoffweehsel besehleunigt wird, dutch frfihzeitige Tol- 
butamidbehandIung verz6gert werden kann. 
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The association between high levels of serum lipids 
and  atheroselerotic disease has p rompted  a number  of pri- 
m a r y  and secondaryprevent ion  trials over the  last twen-  
t y  years.  Decreases in serum lipids have been achieved, 
bu t  their  effect on mor ta l i ty  is controversial  [2]. 

Correspondingly, bu t  more recently, i t  has been 
established t h a t  hyperglycaemia  is l inked to  arterial 
disease, which has led to  trials of antidiabetic t r ea tmen t  
of subjects with milder degrees of chronic h~-pergly- 
caemia, i.e. wi thout  over t  diabetes mellitus but, with 
diabetic glucose tolerance. Some findings have sug-  
gested beneficial effects of such t r ea tmen t  [5, 6, 10]. 
On the  other  hand, recent  results f rom an American 
s tudy  indicated an increased cardiovascular  mor ta l i ty  
with to lbutamide  t r ea tmen t  in selected overt  diabetics 
[12]. On account  of these divergencies, an abbrevia ted  
presenta t ion will be given of a trial t h a t  was per- 

* This s tudy was supported by  grants from the Swed- 
ish National Aesociation against Heart. and Chest Diseases. 

formed at  Serafimerla~zet tet ,  Stockholm, ditring the  
1960s. A full repor t  was published recent ly  [10]. I n  a 
s tudy  f rom Serafimerlasarettet  i t  was found  t lmt  the  
intravenous glucose tolerance (IVGT) was abnormal  
in 66 per cent of 530 patients with in te rmi t ten t  claudi- 
cation and angina pectoris or wit]a a his tory of acute 
myocardia l  infarct ion bu t  wi thout  manifest  diabetes. 
This was four  t imes the prevalence in 200 controls in 
whom it was abnormal  in 14 per  cent  [13]. Similar 
figures have been obta ined with oral glucose tolerance 
tests  repor ted in the  l i terature [13]. Epidemiological  
surveys in the  USA, England  and  Au~ra l ia  have fur ther  
confirmed these findings [4, 9, 14]. ~u also 
found t h a t  abnormal  I V G T  3 - - 4  weeks after  the  acute 
myocardia l  infarct ion implied a poor  long-term prog- 
nosis [13] (Fig. 1), and others have reported a similar 
prognost ic  implication of hyperglycaemia  after myo .  
cardial infarct ion [11] or in the  presence of other  
artexial disease such as in te rmi t ten t  clandication [6]. 
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Material and Methods 

From Janua ry  1963 through Ju ly  1967, in all, 270 
survivors from a first myocardial  infarction were dis- 
charged from the Serafimerlasarettet who fulfilled a t  
least two of the following three diagnostic criteria: a 
typical history, serum enzyme (SGOT, SGPT, LDH)  
pat tern,  and ECG findings suggestive of acute myo- 
cardial infarction. Ninety-two were excluded mainly 
because of history or signs of manifest, diabetes or other 
disease known to interfere with carbohydrate metab-  
olism, or refusal to participate.  Thus there remained 
178 patients,  of whom 145 were men, mean age 58 

normal, others as abnormal. The test  was performed 
after an overnight fast, and the research drug was 
discontinued 60 hours before the re-tests. 

Results 

In  all 29 patients died during the follow-up. Sixteen 
(19%) died in the control group which did not, differ 
from 13 (14%) in the tolbutamide group. All deaths 
were of probable cardiac origin. The mean age of those 
who died was 64 years irrespective of treatment.  Their 
mean k-values were also very similar (0.95 and 0.97). 
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Fig. 1. Cumulative long-term survival after acute myo- 
cardial infarction at  Serafimerlasarettet, 1960--65 in 
relation to IVGT in 190 first infarctions and the corre- 

sponding total survival 1967-- 70 

years, and 33 women, mean age 68 years. At  discharge 
f rom the hospital the patients were given tolbutamide 
or a placebo according to odd or even numbered birth- 
date. The 2 groups corresponded in all essential cli- 
nical respects. There were 95 patients in the tolbut- 
amide. t reatment  group and 83 controls. The obser- 
vat ion t ime ranged from 12--66 months with an 
average of 3 years. Three pat ients  withdrew from the 
study. 

The initial prescription was half a tablet  twice 
daily, with a routine stepwise monthly  increase of the 
dosage to 2 tablets or 1 g tolbutamide daily in the 
absence of hypoglycaemic symptoms.  

Before discharge from hospital and thereafter 
annually, the IVGT was tested with a single toad of 
25 g of glucose injected in 2 - -4  rain. Using the formula 
0.696 • 100/t1i~ (tlt,~-half-life of the blood sugar), the 
result of the test  was expressed as a/~-value represent- 
ing the percentage disappearance rate of blood glucose 
per minute, k-values exceeding 1.10 were classified as 
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Fig. 2. Cumulative long-term survival in relation to 
tolbutamide treatment 
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Fig. 3. Cumulative survival in relation to IVGT 
@--@ tolbutamide group) 

On the other hand, a significant difference in morta-  
lity was seen during the first 24 months. At this time, 
of those patients observed 2 years or more, 5/66 had 
died in the tolbutamide group as compared with t2/57 
controls ( P <  0.05). The cumulative survival is shown 
in fig. 2. The mean survival t ime of those who died 
in the 2 groups was 18 and 6 months, respectively 
(P<0.05).  Also nonfatal  re-infarctions were postponed 
in the tolbutamide group, while no difference was ob- 
served as to other manifestations of arterial disease, 
such as angina pectoris or intermit tent  claudication. 
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F i g .  3 shows the cumulative survival in relation to 
the IVGT determined 3 - -4  weeks after the acute myo- 
cardial infarction. The total  mortal i ty  of the controls 
with abnormal IVGT (27%) was significantly higher 
than  in those with normal IVGT (9%), ( P <  0.05). 
A significant effect of tolbutamide t rea tment  occurred 
only in the patients ~dth abnormal IVGT, the difference 
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fibrillation indicating pump failure, ~ecording to a 
suggestion by  Lown and eoworkers [8], were brought  
together with all those on digitalis therapy, to form 
a group of subjects who can be considered to represent 
those with heart  failure during the hospitMization. 

According to these criteria 50% of the total  group 
of patients  had been in failure. Of these, 31% died 
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Fig. 4. The relationship of k-values obtained at repeated 
IVGT-tests (kx) to the initial k-vMue (/co) being normal 
or abnormal The point of the arrow indicates the ratio 
of k-values of tests with and without prior interruption 

of tolbutamide treatmen~ 
( o -  o control group 0- -@ tolbutamide group) 

in this subgroup being statistically sign~ificant over one 
year but  not thereafter (P < 0.05). 

Fig. 4 shows the IVGT at  retests (kx) in relation to 
the initial IVGT (ko) of the retested subjects. Signi- 
ficant improvement  was observed only in tolbutamide- 
t reated patients  with initially abnormal IVGT after 
one, 2 and 4 - -5  years, while a stepwise decrease of 
IVGT occurred in corresponding controls being signifi- 
cant after 4 - -5  years ( P <  0.05). At retests without 
interruption of the tolbutamide t reatment ,  which 
bet ter  corresponded to the aetual situation of the 
~ea t ed  patients, the difference was even greater, as 
indicated by  the point of the arrow. Three controls 
developed manifest diabetes during the follow-up (ini. 
t im k-values ranged 0.75--0.80), but  none of those 
t reated with tolbutamine did. 

In  46 randomly selected subjects serum cholesterol 
and triglycerides were determined before t rea tment  
and one year thereafter. No change in serum cholesterol 
was seen, the mean values being 249--255 and 254-- 
256 mg/100 ml in the control and tolbutamide groups, 
respectively. Significant changes of the serum tri- 
glyeerides occurred only in those with initially ab- 
normal IVGT, i.e. an increase from 1.99 to 2.88 retool/ 
litre in controls, and a decrease from 2.41 to 1.88 mmol/ 
litre in tolbutamide-treated patients ( P <  0.01), as 
illustrated by  Fig. 5. 

A mtmber  of clinical characteristics during the 
initial hospitalization were found to imply a poor 
prognosis, such as the occurrence of ventricular and 
supraventricular arrhythmias  observed on routine 
ECGs. For  the purpose of evaluation, patients with 
supraventrieular ectopic beats (SVEB) and atrial  
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Fig. 5. Mean serum triglyceride levels in 46 patients at 
discharge from hospital and one year later 
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during the follow-up compared with 3% of those who 
had not been in failure. Moreover, heart failure as 
defined here was also associated with abnormal IVGT, 
i.e. the incidence being 60% compared with 36% in 
those with normal IVGT (P < 0.05). Hence, the effect 
of t reatment  was mainly seen in these patients. Over 
one year, 27/31 in the tolbutamide gronp survived 
compared with 18/29 controls (P <0.05).  This is also 
illustrated by  Fig. 7. 

No serious side effects - -  vascular and non-vascu- 
lar --  were seen throughout the study. 

Discussio~ 

In  the present study long-term tolbntamide treat- 
ment conld be performed without serious side-effects, 
and was associated with improved survival over 
2 years in survivors from a first myocardial infarction 
without manifest diabetes mellitus. This was observed 
particularly in those with abnormal IVGT, in whom 
it also improved glucose tolerance for 4--5 years and 
decreased the serum triglycerides for at  least one year 
after the acute episode. A high risk group comprising 
those with signs suggestive of heart failure seemed to 
benefit especially from the treatment.  

The main part  of the deaths in the control group 
occurred over the first 6 months upon discharge from 
hospital. Thereafter, the deaths in the tolbutamide 
group dominated until  there was no statistical differ- 
ence in overall mortaIity. This ought not  to be ex- 
plained as a harmful effect of tolbutamide. A more 
likely interpretation is tha t  the beneficial influence of 
the drug was time-limited in a particular group of high 
risk, short-term survivors from a myocardial infarction. 
The great resemblance of the deceased in the 2 treat- 
ment  groups is illustrated by their mean ages and mean 
k-values being almost identical. 

An improvement, of glucose tolerance by  tolbut- 
amide t reatment  in subjects without manifest diabetes 
was first observed by  Fajans and Corm [3], but  later 
reports have been at variance in this respect [10]. Even 
during continuous tolbutamide therapy the blood- 
sugar-lowering influence may be small, although 
significant [5, 6]. In the present study, a definite im- 
provement of IVGT was found still after 4--5 years 
treatment.  

Eight out of the 13 who subsequently died in the 
tolbutamide group were retested at  least once after 
discharge from hospital. No different tendency in 
their IVGT in comparison with the tong-term survivors 
could be traced. Apparently an improvement of the 
glucose tolerance only cannot explain the beneficial 
effect of tolbuiamide regarding the survival. 

The importance of the lowering of the serum trigly. 
cerides observed in a subgroup is unfortunately difficult 
to assess, since information about the serum lipids is 
lacking in the majority of the patients. On the other 
hand, no secondary prevention trial has so far shown 

a decrease of serum triglycerides to be associated with 
a significant improvement in mortality [2]. 

Bcrchtold et al. have also found a diminished 
glucose tolerance 3 months after myocardial in- 
farction [1]. The impairment was more pronounced 
in those who had had large myocardial damage or 
complications of the acute myocardial infarction. This 
seems to be in accordance with the present finding of 
abnormal IVGT in those with signs indicating heart  
failure. Another sign of failure is cardiac enlargement. 
In  the present study, the mean relative heart  volume 
at  discharge from hospital was significantly greater 
(508 ml/m ~ BSA) in this latter group compared with 
that  without signs of heart failure (435 ml/m 2 BSA). 
Furthermore, the findings in 70 survivors of one or more 
myocardial infarctions treated at  the coronary care 
unit at  Serafimerlasarettet seem to support this 
association. The relation of IVGT to the clinical 
diagnosis of heart  failm'e used at this unit  is shown in 
Table 1. It. is seen that. 9/25 (36%) of the patients with 
normal IVGT had been in failure compared with 29/45 
(64%) with abnormal IVGT ( P <  0.05). 

Table 1. I V G T  after myocardial infarction and heart 
failure during the acute episode 

Heart failure 
IVGT Mean age No. No. Per cent 

Total 63.6 70 38 54 
Normal 62.5 25 9 36 
Abnormal 64.2 45 29 64 

The improved survival in the tolbutamide group 
seems to be in accordance with the findings of a double- 
blind controlled therapeutic trial on 248 "borderline 
hyperglyeaemic" individuals in Bedford, England. The 
participants were randomly assigned to tolbutamide 
t reatment  (0.5 g twice daily) or placebo treatment.  
They were re-examined regularly every sixth month. 
Over the first 5 years, the incidence of new arterial 
events was sig~lificantly lower in the tolbutamide 
group compared with those who received placebo [5] 
(Fig. 7). Over 7 years a significant difference was still 
seen in those who at entry had no signs of cardiovascu- 
lar disease or clinically significant hypertension [6]. 

On the other hand, a controlled American study, 
The University Group Diabetes Program (UGDP), 
suggests an adverse effect of tolbutamide in patients 
with manifest diabetes mdli tus [12]. In  a multi- 
centre, elaborate trial, 823 patients with sympto- 
matic maturity-onset diabetes with a duration of 
less than one year were followed over 8 years. They 
were randomly treated with diet and either 1.5 g 
tolbutamide daily, standard insulin in a fixed or a 
variable dosage, or a placebo. I t  was found tha t  the 
incidence of cardiovascular death was significantly 
higher in the tolbutamide group than in the placebo 
group (26/204 and 10/205, respectively). This surprising 
result being at  variance with clinical experience led 



Vol. 7, No. 5, 1971 J. Paasikivi and F. Wahlberg: Preventive Tolbutamide Treatment 327 

to much criticism from a number of diabetologists, 
especially after a statement had been given by the 
Food and Drug Administration (Nov. 2, 1970) re- 
stricting the use of sulphonylurea drugs in the USA. 
The critics have claimed that  the tolbutamide-treated 
subjects carried more risk factors at entry than did the 
other participants, particularly those receiving a 
placebo. The significance of this difference has been 
disputed by the American investigators [15]. A crucial 
point is perhaps also the low and differing autopsy 
rates in the eases classified as cardiovascular death: 
13/26 in the tolbntamide, 2/10 in the placebo, and 
5/25 in the insulin-treated groups. 

The incidence of non-fatal cardiovascular events 
such as significant ECG abnormalities, hypertension 
and arterial calcification was unaffected by the treat- 
ment in the UGDP study. 

Summarizing, the beneficial effect of long-term 
treatment with tolbutamide in hyperglycaemic subjects 
in the present study and in that  of Keen and others, 
indicates that  a progress of arterial disease assumed to 
be enhanced by impaired carbohydrate metabolism 
may be retarded by tolbutamide treatment [5, 6]. 

I t  may be, however, according to the American 
UGDP, that  after a further decompensation of the 
carbohydrate metabolism with development of overt 
diabetes, there are no cardiovascular benefits to be 
achieved by tolbutamide or insulin treatment compared 
with diet only. 
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