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Myocardial infarction in young men

Study of risk factors in nine countries'

Martin A. Dolder2 and Michael F. Oliver
From the Department of Cardiology, Royal Infirmary, Edinburgh, Scotland

In order to determine whether the development of myocardial infarction in different countries is associated with
different riskfactors, 240 male survivors, aged 40 or less, were studied in nine countries.

In the seven centres in developed countries (Auckland, Melbourne, Los Angeles/Atlanta, Cape Town, Tel
Aviv, Heidelberg, and Edinburgh) there was a high prevalence of riskfactors, particularly of hyperlipidaemia
and cigarette smoking. The prevalence of hypertension, obesity, hyperglycaemia, and hyperuricaemia varied
from centre to centre. Risk factors were less prevalent in Bombay and Singapore: the most common risks
operating in Bombay seemed to be cigarette smoking and hyperglycaemia, while in Singapore cigarette smoking
was the commonest.

The mean age of the whole group was 35.4 years. Serum cholesterol levels of 7.25 mmol/l (280 mg/dl) or
more were present in 25 per cent of all patients, serum triglyceride levels of 2.26 mmol/l (200 mg/dl) or more

in 35 per cent. 8o per cent of the patients were smokers, and i5 per cent were either treatedfor hypertension
before myocardial infarction or had a raised blood pressure after myocardial infarction. Obesity wasfound in
I9 per cent of all patients and serum uric acid levels over o.5 mmol/l (8.5 mg/dl) in I7 per cent. IO per cent of
allpatients were either treatedfor diabetes mellitus before myocardial infarction or showed an abnormalglucose
tolerance after myocardial infarction.

This collaborative study may help, by showing differences in the prevalence of risk factors, to indicate to
each centre and to national and to international organizations, the direction for their future studies into the
causation and prevention of myocardial infarction in young men.
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The incidence of coronary heart disease varies
greatly between different parts of the world (Epstein,
i965, Keys, 1970) and comparative estimates of
rates have been derived mostly from mortality
figures. Comparisons of survivors have seldom been
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494 Dolder and Oliver

attempted because of dissimilarity in population
sampling and methodology. This study was under-
taken on an international basis in order to try to
obtain more uniform data in young male survivors
of myocardial infarction. Epidemiological data
relating predisposing factors to coronary heart
disease can really only be applied to the particular
country in which they were collected, though con-
siderable similarity exists in many developed coun-
tries. An attempt was made therefore to determine
whether differences exist in different parts of the
world, in the prevalence of risk factors and other
findings in young men who developed myocardial
infarction. Men under the age of 40 were chosen
for study and the results from 240 patients with
myocardial infarction are reported here. This series
is, as far as we know, the largest reported and repre-
sents the experience over a I5-month period in I0
major hospitals.

Design of study
There were I0 participating centres in 9 countries all
over the world (Table i). Of the I0 centres, 3 were
located in Asia, 2 in Europe, 2 in North America (U.S.A.),
i in Africa, i in Australia, and i in New Zealand. The
co-ordination of the study and the evaluation of the
results were undertaken in Edinburgh. In I970, a pilot
study was conducted in order to assess the feasibility of
the project and to establish the design of the study. The
main study was undertaken from I January I972 to 3I
March 1973. During this time, each centre collected
consecutive patients presenting at the age of 40 or under
with myocardial infarction, who attended a second time
6 weeks to 6 months after the infarct, when the clinical
and laboratory indices were recorded. The study com-
prised only the survivors who could be re-examined
within the required period. Patients who died after the

acute stage and before they could be reviewed or patients
who could not be reviewed within 6 weeks to 6 months
after infarct because they lived too far away from the
hospital or because they refused to co-operate were not
included in the study. Fifteen patients were excluded by
the co-ordinating centre before the evaluation of the
results, because data were incomplete.
The following data were recorded for each patient

during recovery from the acute episode of myocardial
infarct: criteria for diagnosis, family history, previous
medical history, and smoking history. The mean interval
between the myocardial infarct and the second exam-
ination, when the clinical data and laboratory indices
were recorded, was I3.9 weeks (Table i). Of all the
patients, 4 per cent were studied between 6 weeks and 8
weeks, 76 per cent between 2 and 4 months, and 20 per
cent between 4 and 6 months after infarction. At this
examination, the physical findings and height and weight
were noted, a i2-lead electrocardiogram was recorded
and a posteroanterior chest x-ray was obtained. Venous
blood was taken in the fasting state for estimation of
serum cholesterol, triglycerides, glucose, uric acid,
haemoglobin, haematocrit, and blood groups. All bio-
chemical and haematological determinations were made
by the individual centres in their own laboratories,
which sent samples for the estimation of serum chol-
esterol and triglycerides to the Lipid Standardization
Laboratory, Centre for Disease Control, Atlanta,
Georgia. In addition, in all centres except Bombay, the
glucose tolerance was measured using capillary blood
after 50 g glucose orally. A normal response was de-
fined according to the criteria of the British Diabetes
Association (Fitzgerald and Keen, I974) by a capillary
blood sugar level of less than 9.9 mmol/l (i8o mg/dl)
after i hour and less than 6.6 mmol/l (I20 mg/dl) after
2 hours. If both the i- and 2-hour measurements ex-

ceeded these values, the glucose tolerance was con-
sidered to be diabetic. All electrocardiograms were

coded according to the Minnesota code in Edinburgh by
the same trained technician.

TABL E I Study group (clinical data)

Race Acute myocardial infarct
No. of Mean age White Indian Cape- Other Typical Typical Sequen-
male (yr) coloured history of ECG tial serum
patients pain (%) changes enzyme

(%) changes
(%)

Auckland 30 35-7 27 I - 2 100 93 93
Bombay I7 35.8 I7 82 100 71
Cape Town 63 35.6 37 I8 8 98 90 9I
Edinburgh 23 36.2 23 87 9I 96
Heidelberg 25 35.8 25 - 84 92 68
Los Angeles/Atlanta 26 34-3 12 I4 85 8i 6i
Melbourne 22 35.5 22 - 95 95 86
Singapore I4 34.8 2 7 5 93 100 93
Tel Aviv 20 34-0 9 II 95 85 85

Total 240 35-4 I57 25 i8 40 93% 9I% 82%
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Myocardial infarction in young men 495

All questionnaire forms were sent after completion
to the co-ordinating centre for further processing. All
data were transferred to punch cards and data processing
was performed on an IBM 370/155 computer in the
Edinburgh Regional Computing Centre. Statistical signi-
ficance was calculated by means of the x2 test using
arbitrary cutting points to separate 'normals' from 'ab-
normals'.

Study group

The criteria for diagnosis of myocardial infarction were
those laid down by the World Health Organization (I959)
and included the history, electrocardiogram, and serum
enzyme changes. According to this definition, 93 per
cent of patients had a typical history and 9I per cent had
definite electrocardiographic changes (development of
abnormal Q wave with or without associated injury cur-
rent), while sequential serum enzyme changes were
present in 82 per cent. In all, 99 per cent of patients had,
according to the WHO definition, a definite myocardial
infarct while in i per cent the diagnosis was classified as
possible (Table i).
A total of 240 male patients, aged 40 or under, who

survived the acute myocardial infarction were studied
(Table i). The patients of the two centres in the U.S.A.,
Los Angeles (I7) and Atlanta (g) were combined in
order to increase the size of the sample. This was done
after assessing all results separately and without finding
striking differences between these two centres.
The mean age of the 240 patients at the time of the

myocardial infarct was 35.4 years (Table i). Twenty
were under the age of 30, 55 were between 30 and 35,
I65 were between 35 and 40.
The race ofthe patients is shown in Table i. The white

race with 157 patients was the biggest group and
accounted for two-thirds of all patients. In Edinburgh,
Heidelberg, and Melbourne only whites were studied.
Indians in Bombay and the coloured in Cape Town
(people of mixed racial origin, e.g. European-African or
African-Asian) were studied in these centres. In addi-

tion, i6 Asians, 5 Blacks, 2 Maoris, 5 Arabs, 3 Chinese,
and 9 of unknown race were investigated in different
centres.

Results
Serum cholesterol
The results of serum cholesterol after myocardial
infarction have been plotted as a cumulative fre-
quency distribution curve (Fig. i). The two curves

for Singapore and Bombay are separated from the
other seven centres and show a shift to the lower
values on the left. Hypercholesterolaemia was de-
fined as serum cholesterol of 7.25 mmol/l (280
mg/dl) or more (Carlson and Bottiger, 1972) and was

present in 25 per cent of all the subjects. Table 2

shows the centres listed in order of prevalence for
serum cholesterol levels over 7.25 mmol/l (280
mg/dl.) Hypercholesterolaemia was uncommon in
Singapore and Bombay, while it was much more

frequent in all the other centres with an especially
high prevalence in Tel Aviv and Edinburgh. Mel-
bourne had an intermediate position between the
two centres with lower values and the six with
higher ones. The difference between these two
groups was satistically significant (P < o.oi).

Serum triglycerides
The results of serum triglycerides are also shown on
a cumulative frequency distribution curve (Fig. 2).
As for serum cholesterol, the two curves of Singa-
pore and Bombay are again clearly separated from
the other seven centres and show a shift to the lower
values on the left. Hypertriglyceridaemia was de-
fined as a triglyceride level of2.26 mmol/l (2oo mg/dl)
or more and was present in 35 per cent of all sub-
jects. Table 3 shows the centres listed in order of

Diagnosis Diagnosis Mean Mean Blood group (%)
of MI of MI interval cardio- A B AB 0
definite possible between thoracic
(WHO) (WHO) MI and ratio (%)
(%) (%) examina-

tion (wk)

97 3 13.0 45 44 6 3 47
I00 10.0 5I Not determined
100 113.1 46 40 13 3 44
I00 14.I 45 35 4 0 6i
96 4 22.5 46 33 5 II 50
100 15.8 52 Not determined
I00 I11.4 50 42 I6 0 42
100 - 11.2 5 I 42 14 22 22
95 5 13.0 46 37 I6 I0 37

99% I I3.9 46.9% 40% I0% 5% 45%
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496 Dolder and Oliver

SERUM CHOLESTEROL
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FIG . I Cumulative frequency distribution of serum cholesterol for each centre.

TABLE 2 Serum cholesterol

Cholesterol (mmol/l)
No. of Not < i.x8 5.18-7.23 6.22-7.23 >7.25
patients measured P

Tel Aviv 20 I I 7 2 9 (45%)
Edinburgh 23 - 2 5 8 8 (35%)|
Heidelberg 25 8 6 4 7 (28%)
Auckland 30 I 3 I3 5 8 (27%)
Cape Town 63 - 7 20 I9 I7 (27%)
Los Angeles/Atlanta 26 5 4 5 5 7 (27%)
Melbourne 22 3 5 8 3 3 (I4%) P<O.OI
Singapore I4 - 7 6 I(7%)-1/
Bombay I7 5 5 6 I (6%)

Total 240 I0 (4%) 42 (i8%) 75 (3I%) 52 (22%) 6i (25%)

Conversion from SI units to traditional units: Cholesterol I mmol/l 38.6 mg/dl.

prevalence for hypertriglyceridaemia. Raised serum
triglyceride levels were uncommon in Singapore and
Bombay. In all the other 7 centres, hypertriglycer-
idaemia was much more common. The difference
between Singapore and Bombay compared with the
rest was statistically significant (P < o.OI).

Hyperlipidaemia
Using the cutting-points of 7.25 mmol/l (280 mg/dl)
for cholesterol and 2.26 mmol/l (2oo mg/dl) for
triglycerides, 20 per cent of all 240 patients showed
hypertriglyceridaemia without associated hyper-
cholesterolaemia, i5 per cent showed both hyper-

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.37.5.493 on 1 M
ay 1975. D

ow
nloaded from

 

http://heart.bmj.com/


Myocardial infarction in young men 497

wCet
w

._

2

V3

SERUM TPIGLYCERiDES

FIG. 2 Cumulative frequency distribution of serum triglycerides for each centre (symbols as in
Fig. I).

TABLE 3 Serum triglycerides

Triglycerides (mmol/l)
No. of Not <1.34 Z.34-1.79 1.8I1-2.25 >2.26 P
patients measured

Auckland 30 I 7 8 I I3 (43%)
Cape Town 63 2 20 8 7 26 (4I%) |
Edinburgh 23 _ 6 I 7 9 (39%)
Heidelberg 25 2 4 7 3 9 (36%)
Melbourne 22 3 4 3 4 8 (36%)
Tel Aviv 20 I 3 4 5 7 (35%) \
Los Angeles/Atlanta 26 8 4 3 4 7 (26%) P<o.oI
Singapore I4 - 9 I 2 2 (14%)
Bombay I7 I IO 4 I I(6%)

Total 240 I8 (7%) 67 (28%) 39 (i6%) 34 (14%) 82 (35%)

Conversion from SI units to traditional units: Triglyceride: i mmol/lI 88.5 mg/dl.

triglyceridaemia and hypercholesterolaemia, and I0
per cent showed hypercholesterolaemia without
associated hypertriglyceridaemia. Serum cholesterol
correlated well with serum triglycerides (r=o.63,
P < o.o5), while the relative body weight correlated
well with both serum cholesterol (r = o.67, P <0.05)
and serum triglycerides (r= o.88, P < o.ooi).

Smoking
Regular smoking of any number of cigarettes during
the last year before the myocardial infarct was the
most common single risk factor and was present in
as many as 8o per cent of all patients (Table 4).

Half of all smokers smoked 25 cigarettes or more a
day, while only a comparatively small proportion
of the smokers had less than I5 cigarettes a day. So
relatively heavy smokers (I5 cigarettes or more a
day) accounted for 62 per cent of all patients. There
were no statistically significant differences amongst
the nine centres. Of the 20 per cent non-smokers,
I0 per cent were ex-smokers, and Io per cent had
never smoked.

Hypertension
The results are shown in Table 5. Before the myo-
cardial infarct I3 per cent of all 240 patients had
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498 Dolder and Oliver

TABLE 4 Cigarette smoking

Smokers Non-smokers
No. of Cigaretteslday Total no. Never Ex- Total no.
patients I-14 15-24 >25 of smokers smoked smokers non-smokers

Singapore 14 4 4 4 I2 (86%) I I 2 (I4%)

Auckland 30 2 I0 I3 25 (83%) 4 I 5 (I7%)

Melbourne 22 I 6 II i8 (82%) 3 I 4 (i8%)

Cape Town 63 5 26 22 53 (8I%) 7 3 I0 (I9%)

Tel Aviv 20 0 4 12 I6 (8o%) I 3 4 (20%)

Bombay I7 6 3 5 I4 (76%) I 2 3 (24%)

Edinburgh 23 2 7 8 I7 (74%) 2 4 6 (26%)

Heidelberg 25 4 5 9 i8 (72%) 5 2 7 (28%)

Los Angeles/Atlanta 26 Not known i8 (69%) I 7 8 (31%)

Total 240 24 (io%) 65 (31%) 84 (39%) i9i (80%) 25 (IO%) 24 (I0%) 49 (20%)

regular drug treatment for hypertension. Only 3 per less frequent in Edinburgh and Singapore. The
per cent had a systolic pressure exceeding 2I.3 kPa difference between these two groups was statisti-
(i6o mmHg) and 3 per cent a diastolic pressure cally significant (P <0.005).
exceeding I4.6 kPa (iio mmHg). Taking the two
groups of treated hypertension before myocardial Relative body weight
infarction and raised blood pressure after myo- The relative body weight was calculated by Quet-
cardial infarction (in patients who have not been
treated before infarction), together, we found that 15 lett's formula wt(kg)2xI . This much-used
per cent of all patients had hypertension. Accord-
ing to this definition, hypertension was most com- formula has the advantage that it gives an index of
mon in Melbourne and Auckland, while it was much relative body weight which is easily comparable in

TABLE 5 Hypertension

Myocardial infarct
Before After

Systolic blood pressure (kPa) Diastolic blood pressure (kPa)
No. of Treated < I6.o z6.0-2z.z > 21.3 <12.0 I2.0-Z4.5 >Z4.6
patients hyper-

tension

Melbourne 22 5 4 I8 _ I7 4 I
Auckland 30 6 4 25 I 20 10 -
Cape Town 63 9 28 33 2 5I 9 3
Heidelberg 25 4 3 * 22 15 I0
Bombay I7 I I 15 I I4 3
Los Angeles/Atlanta 26 3 15 9 2 2I 3 2
Tel Aviv 20 0 4 15 I 7 II 2
Edinburgh 23 I 7 15 I 20 3 -
Singapore 14 I 7 7 I2 2 -

Total 240 30 (I3%) 73 (I3%) I59 (66%) 8 (3%) I77 (74%) 55 (23%) 8 (3%)

Conversion from SI units to traditional units: Blood pressure: I kPa 7.5 mmHg.
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FASTING GLUCOSE

FIG. 3 Cumulativefrequency distribution offastingglucose for each centre (symbols as in Fig. I).

adults of varying height (Khosla and Lowe, I967).
This was of particular importance as the patients in
Bombay and Singapore were smaller and weighed
less than those in all the other centres (Table 6).

Obesity was defined as a relative body weight of
0.28 or more. This corresponds to a weight excess of

Hypertension before or after myocardial infarction
Treated hypertension

or systolic BP>2I.3 kPa
or diastolic BP> 14.6 kPa

5 (23%)1
6 (20%)f\\

io (i6%)
4 (I6%)
2 (I2%) P<o.oo5
3 (I2%)
2 (I0%)
2 (9%)l
I (7%)J

35 (I5%)

about 20 to 25 per cent over ideal body weight by
the criteria ofthe Metropolitan Life Insurance Com-
pany (I959) and corresponds, for instance, to a male
of I75 cm height and 85.7 kg in weight. Obesity was
present in I9 per cent of all patients and was espec-
ially common in Heidelberg, Cape Town, and Tel
Aviv (Table 6). In contrast, there were no or only a
few obese men in Bombay, Melbourne, Singapore,
and Edinburgh. The differences between these two
groups was statistically significant (P <o.OOi).

Diabetes
The results of the fasting glucose after myocardial
infarction are shown in Fig. 3. The curve of Edin-
burgh is clearly separated from the others and is
shifted to the left with lower values. On the other
side, Bombay is clearly separated from the seven
centres in the middle and shifted to the right with
higher values. While 5 per cent of all 240 patients
showed a fasting glucose over 6.6 mmol/l (I20 mg/
dl), 29 per cent of the patients in Bombay were
above this cutting point. Five per cent of all patients
were treated for diabetes mellitus before the infarct
with drugs or insulin. In addition, in all centres but
Bombay a glucose tolerance test was carried out in a
total of I54 patients using 50 g oral glucose. Accord-

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.37.5.493 on 1 M
ay 1975. D

ow
nloaded from

 

http://heart.bmj.com/


500 Dolder and Oliver

TABLE 6 Height, weight, and relative body weight

No. of Height Weight Rel. body weight [Weight )oo
patients (cm) (kg) k1He0gh-

mean ± SD mean± SD mean± SD <0.24 0.24-0.27 > 0.28

Heidelberg 25 I73±5 79+ I0 0.26+0.3 4 I3 8 (32%)
Cape Town 63 I69± 8 74± I2 0.25±0.4 24 I9 20 (32%)
Tel Aviv 20 '73±9 80±I3 0.26+0.3 4 10 6 (30%))
Los Angeles/Atlanta 26 I77±10 78 ± I7 0.25±o.6 9 13 4 (15%) \
Auckland 30 I7I±7 73 +9 0.25±0.3 II I5 4 (I3%) P <O.OOI
Edinburgh 23 I74±6 76 ± I2 0.25 ±0.4 I0 II 2 (9%)
Singapore I4 I64±6 63 ±10 0.23 +±04 6 7 I (7%)
Melbourne 22 I72 + 6 73 ±9 0.24+0.2 I0 12 0
Bombay 17 I62+5 58+6 0.22±0.2 I3 4 0

Total 240 I7I±2.8 73.6±I3 2.46±0.4 9I (38%) 104 (43%) 45 (I9%)

ing to the criteria of the British Diabetic Associa-
tion (Fitzgerald and Keen, i964) (i-hour value over
9.9 mmol/l (i8o mg/dl) and 2-hour value over
6.6 mmol/l (I20 mg/dl)), a total of I2 or 8 per cent of
these I54 patients showed a diabetic glucose toler-
ance.

Uric acid
The results of uric acid are shown on a cumulative

frequency distribution curve (Fig. 4). The two
curves of Cape Town and Los Angeles/Atlanta
show a shift to the higher values on the right, while
the curve of Bombay is clearly separated from all the
others and shows a shift to the lower values on the
left.

Hyperuricaemia was defined as a uric acid level
of o.s mmol/l (8.5 mg/dl) or more and was present
in I7 per cent of all patients. Vhile hyperuricaemia

SERUM URIC ACID

FIG. 4 Cumulative frequency distribution of serum uric acidfor each centre (symbols as in Fig. I).
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was common in Los Angeles/Atlanta and Cape
Town, there was no case in Tel Aviv, Bombay, and
Edinburgh. The difference between these two groups
was statistically significant (P < o.ooi).

Family history
A positive family history of coronary heart disease
was a common finding. Of all 240 patients, 37 (I'5)
had lost their fathers, I7 (7%) their mothers, and 8
(3%°) at least one sib as a result of myocardial
infarct. Only patients who said that their parents
or sibs had died as a result of infarct are included
and categories such as 'death from heart disease'
have been omitted. A positive family history of cor-
onary heart disease with death of I or 2 parents
from infarct was very common in Edinburgh (48%y)
and Auckland (37°/%), while it was less frequent in
Bombay (I2%y) and Singapore (7Y4).

Other findings (Table i)
The mean cardiothoracic ratio was 46.9 per cent
and varied only slightly from centre to centre. The
mean haematocrit was 46.3 per cent. The haemato-
crit was below 40 per cent in 3 per cent of all
patients, while it was above 50 per cent in I5 per
cent.

Discussion
This study was specially designed in order to get
comparable results about young survivors of myo-
cardial infarct and the prevalence of risk factors for
coronary heart disease among them in different
parts of the world, and not to record the incidence
of myocardial infarct in young men in these coun-
tries. The patients were inevitably selected since
they were admitted to hospitals with highly spec-
ialized units, and admission rates to hospitals will
differ from country to country. Furthermore, the
results relate only to the survivors; if all subjects,
those who died and those who survived, were con-
sidered, the results might possibly be different. A
sample of young men with myocardial infarction
was used on the presumption that predisposing
factors should be more evident when there is pre-
mature coronary heart disease. It is realized that
low incidence areas may be in transition to higher
incidence and that useful information might also be
obtained from older people whose ways may have
changed less.
An international study like this poses many prob-

lems. One is the lack of any control group without
coronary heart disease, studied under similar condi-
tions. Without this it is difficult to interpret the
findings in the subjects studied. As there are big

differences in the prevalence of risk factors in the
different centres, every centre would have to estab-
lish a control group of its own. In several partici-
pating countries, this would have been a very
difficult undertaking. Another is the comparability
of the results. Every effort was undertaken to
standardize the methods and these included meet-
ings of all participants, the use of a uniform ques-
tionnaire, the analysing and coding in Edinburgh of
all electrocardiograms according to the Minnesota
code, the evaluation of all results in one centre, and
the establishment of a lipid standardization pro-
gramme in conjunction with that in Atlanta,
Georgia. The mean interval between the myocardial
infarct and the date when measurements were made
was I3.9 weeks, and it is unlikely that the infarct
will have much consistent influence at this stage.
Though we have always reported the results for

the whole range of the population, we have, for
practical reasons, introduced arbitrary cutting
points and they were relatively high in this study.
The association between coronary heart disease

and raised levels of plasma cholesterol and trigly-
cerides is now firmly established (Carlson and
Bottiger, I972; Albrink, Meigs, and Man, I96I;
Doyle and Kannel, 1970; Kannel et al., I97I;
Epstein and Ostrander, I97I; Ostrander et al.,
I967; Page et al., I970; Goldstein et al., I973). The
results of the present study show that, using a
cutting point of 7.25 mmol/l (280 mg/dl) for chol-
esterol, 25 per cent of all patients studied were
above this level, and for triglycerides 35 per cent
of all patients were above a level of 2.26 mmol/f
(2oo mg/dl). There were interesting differences in
the prevalence of hypercholesterolaemia and hyper-
triglyceridaemia: raised serum cholesterol and tri-
glyceride levels were common in all seven highly
developed countries but uncommon in Bombay and
Singapore. The cause of these low lipid levels is not
known but dietary habits probably play an impor-
tant role (Keys, 1970).

Cigarette smoking is now firmly established as a
risk factor for coronary heart disease (Doll and Hill,
1956; Doyle et al., I962, I964; Kannel, I966; Truett,
Cornfield, and Kannel, I967). Eighty per cent of all
patients smoked, most of them more than I5 cig-
arettes per day. This high figure is in accordance
with the findings of Blacket et al. (1973) who found
a similar proportion among his patients with cor-
onary heart disease.

Hypertension also is a well-documented risk
factor for the development of coronary heart disease
(Doyle and Kannel, I970; Kannel, Castelli, and
McNamara, I967; Stamler, I967; Primary Preven-
tion of the Atherosclerotic Diseases, 1970), but is,
as the Framingham analysis shows (Truett et al.
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I967), less important at this age than in higher age-
groups. All the same, we found that IS per cent of
all patients had either known and treated hyper-
tension before the myocardial infarct or raised blood
pressure after the infarct. The prevalence of hyper-
tension ranged from 23 to 7 per cent, with Mel-
bourne and Auckland at the top of the scale and
Edinburgh and Singapore at the bottom.
There were interesting differences in the preva-

lence of obesity. In Heidelberg, Cape Town, and
Tel Aviv, obesity (relative body weight over 0.28)
occurred in about one-third of the patients, while
obesity was uncommon or absent in Edinburgh,
Singapore, Melbourne, and Bombay. The relative
body weight and lipid levels were both low in
Bombay and Singapore, while the low relative body
weight in Melbourne corresponded to the low serum
cholesterol levels.

Regardless of varying diagnostic classification,
carbohydrate intolerance is a well-documented risk
factor (Epstein and Ostrander, I97I; Reaven et al.,
I963; Ostrander et al., I965; Keen et al., I965). Our
results show that 5 per cent of all patients were

treated for diabetes before the myocardial infarct and
8 per cent of those in whom a glucose tolerance test
was performed had an abnormal response one and a

halfto six months after infarction. This figure of 8 per
cent is probably too low, as 29 per cent of all
patients in Bombay had a fasting glucose over

6.66 mmol/l (I20 mg/dl), yet no glucose tolerance
test was carried out. Diabetes is known to be com-
mon in this part of India (Berry et al., I966). Low
fasting glucose levels in Edinburgh have been re-
corded before (Oliver et al., I975).

The importance of high uric acid levels as a risk
factor for coronary heart disease is still being de-
bated, though there is no doubt that gout itself is
important (Kannel et al., I967; Hall, I965). Our
study revealed big differences between the different
centres with an especially high prevalence of hyper-
uricaemia in Los Angeles/Atlanta and Cape Town.
The prevalence of a positive family history for

coronary heart disease was high in some western
centres; but it is difficult to compare the results
between the different countries as the reliability of
the history taken may vary greatly, especially in
Bombay and Singapore.
A combined computer analysis for the three major

risk factors, hyperlipidaemia (as defined), cigarette
smoking, and hypertension is shown in Table 7.
Eighty-nine per cent of all patients had one or more
than one of these major risk factors. Forty-eight per
cent had one, 34 per cent had two, and 7 per cent
had three of these factors. This Table shows clearly
that the two centres, Bombay and Singapore, have a
much lower prevalence of these risk factors than
the other seven centres (P < o.oi). In Bombay and
Singapore, serum cholesterol, serum triglycerides,
and serum uric acid levels were low and obesity
was uncommon. Only the prevalence of cigarette
smoking and diabetes was in the same range as in the
western centres. In these other seven centres, there
was in general a high prevalence of combined risk
factors, as shown in the analysis of the three major
risk factors (Table 7). Hypercholesterolaemia,
hypertriglyceridaemia, and cigarette smoking were

very common in all these seven centres. Influences
such as excess relative body weight, hyperglycaemia,

TABLE 7 Major risk factors

Number of risk factors
No. of 0 I only 2 only 3 Total of 2 P
patients and 3 major

risk factors

Edinburgh 23 3 8 I0 2 I2 (52%)'
Auckland 30 3 I2 II 4 I5 (50%)
Tel Aviv 20 2 8 I0 - I0(50%)
Cape Town 63 5 27 25 6 3I (49%)
Melbourne 22 I II 9 I 10 (45%)
Heidelberg 25 3 I2 9 I 10 (40%) P<O.OI
Los Angeles/Atlanta 26 7 I2 5 2 7 (27%)
Singapore I4 I2 2 2 (4%))
Bombay 17 2 I3 2 22(12%)

Total 240 26 (II%) II5 (48%) 83 (34%) I6 (7%) 99 (4I%)

Major risk factors = I. Cholesterol > 7.25 mmol/l and/or triglycerides Conversion factors from SI units to traditional units:
>2.26 mmol/l. Cholesterol i mmol/138.6 mg/dl.
2. Cigarette smoking (any number). Triglyceride i mmol/l 88.5 mg/dI.
3. Hypertension (treated hypertension before MI, Blood pressure I kPa 7.5 mmHg.
or systolic BP>2I.3 kPa, or diastolic BP> I4.6
kPa).
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and hyperuricaemia varied in prevalence from centre
to centre.

This study allows two main conclusions. First,
there is a striking difference in the prevalence of
risk factors in young men who have survived a

myocardial infarct, between Bombay and Singa-
pore on the one hand and the seven other countries
on the other hand. Second, the study indicates the
prevalence of the various risk factors in male sur-

vivors of myocardial infarcts aged 40 or less in each
centre and emphasizes to each centre where further
studies might profitably be directed.

We wish to thank Mrs. Serena Shankland for coding
electrocardiograms; Mrs. Carol Bradley, Mrs. Lynn
Chalmers, Mrs. Sandra Brown, and Mrs. Eva Rie-
mersma, for their data processing with the computer.
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