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SUMMARY A prospective follow-up study was carried out to investigate the relation between smoking and
risk of death after an acute myocardial infarction. The study consisted of male patients under the age
of65 years, who had had an acute myocardial infarction between 1972 and 1975 in North Karelia, Finland.
Of these patients, 888 survived the first six months after the acute infarction and were followed-up
for three years after the infarction with regard to their deaths. The cumulative all-causes mortality rate
of the patients who were still smoking six months after the acute myocardial infarction was 1-7 times
that of the patients who had stopped smoking within the first six months. There was a dose-response
relation between the number of cigarettes smoked daily and the mortality. The impact of smoking
was greatest in the subgroups of patients with an otherwise good prognosis. We estimated that 28 per
cent of the deaths in the whole group of initial smokers was attributable to continuing smoking after the
infarction. On the basis of these findings we suggest that anti-smoking advice should be an important
part of the modern comprehensive care of patients with an acute myocardial infarction.

Some recent investigations show a lower mortality infarction register of North Karelia in Eastern
after an acute myocardial infarction in patients who Finland, which has some 180 000 inhabitants. The
stop smoking than in those who continue.1-3 There registered heart attacks are classified as 'definite'
is also evidence that the lower mortality among the or 'possible' acute myocardial infarction, no
ex-smokers is not caused by other factors. In one infarction, or 'insufficient information' according
earlier study the mortality in patients who stopped to the rigid operational criteria that were used in
smoking did not differ from the mortality of those the international co-operative myocardial infarction
continuing smoking after infarction.4
register study co-ordinated by the WHO.5 6 The
On the basis of the above-mentioned two studies diagnostic criteria and the methods of data collection
with positive results on the relation between of the register have been published previously in
smoking and the prognosis after a myocardial detail.7-9 Only patients with a 'definite' or 'possible'
infarction, it has frequently been suggested that anti- acute myocardial infarction, who survived the first
smoking measures after a myocardial infarction six months after the infarction, were included in the
should be given a high priority when implementing study.
Information concerning the deaths and the causes
secondary preventive intervention.
The purpose of the present study was to compare of death of the subjects during the three-year
the risk of death after acute myocardial infarction period after the infarction was collected from death
in smokers who continued smoking with those who certificates.
The data on smoking and medical history before
stopped, independent of other factors related to
the risk of death, in a representative group of male the infarction were gathered in an interview by a
patients with acute myocardial infarction under the nurse as early as possible after the acute phase of
the attack. The data connected with the course of
age of 65, and in its risk-specific subgroups.
the acute period and the diagnostic criteria were
collected using a standard questionnaire.
Subjects and methods
At six months and one year after the infarction, a
The study consisted of men under the age of 65 postal inquiry was made in order to collect informawho were registered in the community myocardial tion about the health habits (for example, smoking)
of the patients.
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The mortality from all causes between six months
and three years after infarction of the patients who
continued to smoke was compared with that of
those who stopped smoking within six months of
the infarction. The ratio of mortality of the smokers
to that of the non-smokers was used as the statistic
measuring the strength of the relation. Its variance
and 95 per cent confidence limits were computed
using the method concerning ratios of two proportions suggested by Thomas and Gart.10 The
statistical significance of the overall rate ratios was
based on the usual x2 test of independence in a
fourfold table, with Yates' correction for continuity.
The results were considered statistically significant when the probability of type I error was less
than 0 05. The fraction of mortality attributable
to smoking in the whole group was calculated as
suggested by Levin." The variance and 95 per cent
confidence interval of this statistic were computed
as

proposed by Walter.12

In order to control some of the expected covariates of smoking, we calculated mortality rate
ratios after stratifying the material according to the
covariates: age, history of previous myocardial
infarction and angina pectoris, occurrence of acute
heart failure or cardiac arrest, and a combined index
of seven variables. The significance of stratumspecific rate ratios was tested using the Fischer
exact test, with a doubled value of probability to
get a two-tailed significance. When the smallest
expected frequency exceeded 10, the x2 test with
Yates' correction was used. In addition, a summary
rate ratio was computed over the strata, in order to
control for the confounding effect of some covariates,
using the method of direct standardisation with the
group of the non-exposed (non-smokers) as the
standard as suggested by Miettinen.13 In computing
the summary x2 statistics, the Mantel-Haenszel
procedure was applied.14

Results
There were 888 men registered in the North
Karelia myocardial infarction register who passed
the criteria for inclusion in the study. At interview
after the infarction, 352 men reported not having
smoked even one cigarette daily or the equivalent
amount of other tobacco in the three months before
the infarction; the information on previous smoking
was missing in one patient. Two hundred and
twenty-one men stopped smoking within six months
of the infarction, and 302 men reported in the postal
interview that they still smoked six months after
the infarction. For 19 patients, the data about
smoking six months after infarction was missing.
In seven of these, the data concerning the situation
at 12 months was used. So there were 12 men
(1 3%) with no data on their smoking status at six
and 12 months after infarction.
The number of deaths between six months and
three years after infarction among the patients
giving up and those continuing to smoke is presented
in Table 1 according to the cause of death.
Of the initial non-smokers, 52 (14 8 per 100, 95%
confidence interval (CI) 11 1 to 18 5) died between
six months and three years after the infarction.
Among those giving up smoking after the infarction
the number of deaths was 26 (11-8 per 100, CI 95%
=7-5 to 16-0). Of the patients continuing to smoke
after infarction 60 (19 9 per 100, CI 95% =15 4 to
24.4%) died between six months and three years
after infarction.
The estimated crude all-causes death rate among
the patients continuing to smoke after the infarction
was thus 1-7 times that of those who stopped
smoking (CI 95%=1 1 to 2 6, x2=5 52, p=0 019).
The proportion of the deaths attributable to
continuing smoking after infarction was 28 per cent
(CI 95%=7 to 50%) or 24 (CI 95%=6 to 43)

Table 1 Deaths between six months and three years after acute myocardial infarction, according to smoking status
and cause of death
Cause of death

Ex-smokers

Current smokers

Rate ratio*

Two-tailed

significance I
Point
estimate
Ischaemic heart disease*
Other cardiovascular diseaset
Other than cardiovascular disease
All deaths
Patients at risk

22
2
2

26
221

49
4
7
60
302

CI 95% §

1-6

1-0-2-7

1-5

0-38-0

2-6
1-7

0-5-12-3
1-1-2-6

* Codes 410-414 according to the Intemational Classification of Diseases (ICD), revision eight.
t ICD codes 390-404 and 420-458.
t When calculating the disease category specific mortality rates, the deaths in other diseases are included in the denominator.

§ See text.

1I See text.

0 053
0 995
0-379
0-019
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Table 2 Deaths from all causes between six months and three years after acute myocardial infarction, according to
number of cigarettes smoked daily six months after infarction
Current smokers
Ex-smokers
9
60
150
60-24-0
1-3

26
221
11-8
7-5-16-0

0-62-2

All smokers

5-14

a15

33
164
20-1
14-0-26-3
1-7
1-1-2-7

18
78
23-1
13-7-32-4
2-0
1-1-3-0

1-4

Deaths
Patients at risk
Mortality rate (%)
CI 95%*
Rate ratiot
CI 95%*

60
302
19.9
15-4-24-4
1-7
1-1-2-6

* Calculated based on the assumption of binomial distribution.
t Smokers in specific category of number of cigarettes smoked versus ex-smokers.
t See text.

of the 86 deaths in the whole group.
When only the deaths between six and 12 months
after the infarction are considered, the all-causes
mortality rate ratio between smokers six months
after the infarction and ex-smokers was 2 4 (CI 95%
=1 0 to 6-0, x2 =4-06, p =0.044). The respective
rate ratio for deaths between six months and two
years after the infarction was 2-0 (CI 95% = 1.2 to
3 4, x2=6412, p=0-013).
In the subgroup of patients with a 'definite' acute
myocardial infarction the ratio of death rates
between six months and three years comparing
current smokers and ex-smokers was 1-7 (CI 95%=
1-1 to 2.7, x2=4.73, p=0.030).
In the whole group, 82-6 per cent of all deaths
were the result of ischaemic heart disease. The
smoking-related ischaemic heart disease mortality
rate ratio of smokers to ex-smokers did not reach
statistical significance (p > 0 05) and did not differ
significantly from the respective all-causes mortality
rate ratio. The relative mortality for all cardiovascular diseases was 1-6 (CI 95%=10 to 2-6), and
showed significance according to the test statistic
out

(X2 =4X03, p =0 045) (Table 1). In order to study
the existence of a dose-response relation between
smoking and mortality after acute myocardial
infarction, we examined the cumulative all-causes
mortality from six months to three years after
infarction at different levels of smoking (Table 2).
There was a trend for the rate ratio to increase
with the number of cigarettes smoked daily.
In order to control the possible confounding
effect of some factors expected to affect the mortality
after acute myocardial infarction, all subjects were
categorised first by age (Table 3) and, secondly, by
history of previous acute myocardial infarction and/
or angina pectoris and occurrence of acute cardiac
failure and/or cardiac arrest during the acute phase
(Table 4).
While the total mortality after acute myocardial
infarction increased slightly with age, the death ratio
related to smoking after infarction did not show
any consistent trend by age. There was no significant difference in the age distributions of exsmokers and current smokers. For this reason no
age adjustment is included in the analysis of the

Table 3 Deaths from all causes between six months and three years after acute myocardial infarction, according to
smoking status and age at onset of attack
Ex-smokers

Age (y)

Current smokers

Two-tailed
significance

Rate ratio

Point estimate

CI 95%

2-0

0 7-5-9

0-290

28-44

Deaths
Patients at risk

4
37

13
61

45-54

Deaths
Patients at risk

9
94

111

2-1

1-0-4-4

0-062

Deaths
Patients at risk

13
90

25
130

1-3

0-7-2-5

0-458

26

60
302

1-7
1-7

1-1-2-6

0-019

55-64

Crude total
Deaths
Patients at risk

221

Adjusted summary*
* Computed using five-year age categories.

22

0-014
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Table 4 Deaths from all causes between six months and three years after acute myocardial infarction according to
smoking status six months after infarction, history of previous infarction or angina pectoris, and occurrence of acute
heart failure or cardiac arrest within first month after infarction
Rate ratio

Current smokers

Ex-smokers

Two-tailed
significance

Deaths

Patients at risk

Deaths

Patients at risk

Point
estimate

CI 95%O

4
2

57
21

13
3

77
18

2-4
1-8

0-8-7-2
0 3-9 9

0-147
0-848

Previous AMI or AP
No AHF or CA
AHF or CA

9
11

101
42

26
18

147
60

2-0
1 1

1-0-4-2
0-5-2-3

0 073
0-835

Crude total
Adjusted summary

26

221

60

302

1-7
1-7

1-1-2-6

0 019
0-014

No history of AMI or AP
No AHF or CA
ACF or CA

AMI, acute myocardial infarction; AP, angina pectoris; AHF, acute heart failure; CA, cardiac arrest.

importance of other possible confounding factors.
The smoking-related death rate ratio was insignificantly higher in the 'low-risk' subgroups,
that is, in patients who had no other factors likely
to contribute to high risk of death. Among patients
without previous acute myocardial infarction or
angina pectoris and without acute heart failure or
cardiac arrest in the acute phase, the estimate of
the rate ratio was 2A4 but did not deviate significantly
from unity (Table 4). Previous acute myocardial
infarction or angina pectoris was more prevalent
among smokers than among non-smokers (69% vs
65%). The smoking-related mortality rate ratio
was also calculated according to the number of
some selected factors contributing to mortality.
These factors were age, diagnostic category of
infarction, history of previous acute myocardial
infarction, prodromal or previous angina pectoris,
acute heart failure at the onset of attack, or during
the hospital treatment, and cardiac arrest during the
the hospital treatment (Table 5).
There was a slight downward trend in the
smoking-related rate ratio with increasing number

of other post-myocardial infarction risk fac ,tors
(Table 5). The mortality of the smokers with not
more than one of these risk factors was almost five
times higher than that of the patients who stop)ped
smoking. There were more smokers than exsmokers having at least four of the risk factors (118%
vs 110%). The adjusted summary rate ratio calculaated
over the four strata was 1 6 and still statistic-ally
significant (Mantel-Haenszel x2 with 1 df =3 .93,
p =0.035).

Discussion
The purpose of the study was to investigate the
relation between stopping smoking and long-t :erm
mortality after acute myocardial infarction, cconsidering simultaneously some of the other fac :tors
contributing to this mortality and examining this
relation in subgroups of patients with different rrisks
of death.
For the study we chose all male patients uniLder
the age of 65, who had suffered a definite cDr a
possible acute myocardial infarction accordingg to

Table 5 Deaths from all causes between six months and three years after acute myocardial infarction according to
smoking status and number of selected factors related to risk of death
Number of risk factors*

Deaths
0-1
2

3
4-7
Crude total
Adjusted summary

Current smokers

Ex-smokers
2

6
9
9
26

Patients at risk
57
70
70
24
221

Deaths
11
20
13

16
60

Patients at risk
64
108
77
53
302

Rate ratio

Two-tailed
significance

Point estimate

CI 95%

49
2-1
1-3
0-8
1-7
1-6

1-2-21-9
0-9-5-2
0-5-2-9
0-3-1-7
1-1-2-6

0-028
0-108
0-649
0-710
0 019
0-035

* The value of an additive index consisting of items age (28-54 =0, 55-64 = 1); diagnostic category of infarction (possible =0, definite = 1);
history of previous acute myocardial infarction (no =0, yes = 1); prodromal or previous angina pectoris (not either =0, one or both = 1);
acute heart failure at onset of attack (no =0, yes = 1); acute heart failure during hospital treatment (no =0, yes = 1); cardiac arrest during
hospital treatment (no = 0, yes = 1).
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the North Karelia community myocardial infarction
register, and who had survived the first six months
after the onset of symptoms.
The patients were from a complete unselected
four-year series of men under 65 years of age with
myocardial infarction who were detected in a
geographically and administratively defined population. The diagnostic validity of the registration
has been considered earlier, based on a blind reclassification into the defined diagnostic categories
of a sample of the registered heart attacks.9 The
coverage of the registration is being cross-checked
against the national hospital discharge data.
The patients dying within the first six months
after the infarction were not included in the study
because the data concerning change in smoking
habit were not available earlier than six months
after the infarction. This resulted in a reduction of
the study population but also decreased the possible
confounding effect of infarct size and severity of
infarction on the relation between smoking and
mortality.
The data on smoking were almost complete
though reliance had to be placed on a mailed
questionnaire. The relation of smoking to mortality
was studied solely on the basis of the deaths
occurring after the measurement of smoking, and
the smoking status during the follow-up of 'outcome events' (deaths) was not taken into account
in the analysis, so that any bias caused by the
selective missing data concerning smoking because
of deaths could be avoided. It also follows, however,
from the design that there might have been some
'drop-out' and 'drop-in' of smokers into the
'reference group', that is, ex-smokers and vice
versa. It is likely that some smokers stopped
smoking six months after the infarction, and some
of those who had stopped smoking before six
months started again afterwards. This assumption
is supported by the finding that the mortality ratio
between smokers and ex-smokers was higher when
shorter periods of follow-up were considered. The
contamination between the exposed and the nonexposed-the random error in the measurement of
exposure-would have caused underestimation of
the rate ratios.
The ratio of the mortality rate of smokers to that
of ex-smokers was used as an estimator of relative
risk, a measurement of the strength of the relation
between smoking and survival. This was possible
because of the prospective nature of the study. The
use of the odds ratio (cross-product ratio) as an
estimator of relative risk was considered improper
because of the relatively high rate of outcome
events, which exceeded the limit of 10 per cent
that has been suggested as the maximum to make
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the approximation possible.'5 The use of the odds
ratio, as has been done in some studies with a similar
design would probably have resulted in an overestimation of relative risks. In addition, the measure
of statistical significance, x2 with the correction for
continuity, is a conservative test statistic and leads
to two-sided testing of the relation studied.
It is possible that the design of the study and
the statistical analysis of the data produce a bias
towards accepting the null hypothesis rather than
rejecting it. If smoking status after infarction had
been defined in another way, its relation to mortality
after infarction would probably have seemed closer.
Summary x2 statistics were used as presented by
Mantel and Haenszel,14 in which the weights for
the strata of the covariate are given partly on the
basis of their relative importance and partly to
minimise the variance. According to the authors,
the use of this summary statistic does not require
the assumption of homogeneity of rate ratio over
the strata to be combined. The use of the MantelHaenszel rate ratio statistic has been recommended
as a combined estimator of the odds ratio, when the
number of strata is more than two.'8
In the whole group of initial smokers the total
mortality between six months and three years after
the infarction was 1-7 times and respective mortality
from ischaemic heart disease was 1-6 times higher in
the patients who continued to smoke than in those
who gave up smoking within six months of infarction. The total mortality rate ratio was exactly the
same in patients registered as having a definite
acute myocardial infarction according to the defined
rigid operational criteria.
It was found that the all-causes mortality in those
giving up smoking was somewhat lower than that
in initial non-smokers. This could be explained in
two ways. Firstly, it is likely that initial smokers
had a higher early mortality than non-smokers, as
suggested by some previous studies.8 17 Therefore
there might have been more patients with a severe
course of infarction in the acute period who remained among the initial non-smokers. Secondly,
those who did not smoke before the infarction
must, on average, have had some factors other than
smoking which increased the risk of infarction and
probably also later the risk of death.
The strength of the relation between smoking
and risk of death after acute myocardial infarction
seemed to be increased in the subgroups of patients
with a lower risk according to other factors contributing to post-myocardial infarction mortality.
According to these data, the impact of smoking
after acute myocardial infarction is almost twice as
great among patients without a previous infarction
or angina pectoris, and more than two-thirds greater
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among those without acute heart failure or cardiac
arrest during the acute period of infarction, as
compared with the others. The results of the
analysis where seven important predictors of death
after infarction were taken into account, also
support the finding that continuing smoking after
acute myocardial infarction is related to the greatest
extra risk of death in the patients who otherwise
would have had a good prognosis in terms of
survival.
Among 405 male patients with a first myocardial
infarction, aged 67 and below, who were registered
in the Gothenburg myocardial infarction register,
the patients who continued to smoke had a 1-9
times greater all-causes two-year mortality after
infarction than those who had stopped smoking
within three months of the infarction.' In the
series of 190 patients with a first attack of acute
coronary insufficiency or myocardial infarction,
aged under 60, who were admitted to the cardiac
department at St. Vincent's Hospital, Dublin, and
who had survived 28 days or longer, the respective
cumulative five-year mortality rate ratio was 1 6.
The mortality of the patients who did not reduce
their smoking (or did so by less than 50%) was
twice as high as those who stopped or reduced
smoking by at least 50 per cent (calculated on the
basis of the figures given in Table 33). The strength
of the relation in these two previous studies is of
the same magnitude as that observed in the present

study.
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removed. So, assuming that there were no other
extraneous factors producing a pseudoassociation,
the association could be considered as a causal one,
the mechanisms of which remain to be explained.
Because of the representativeness of the material
the results seem to be applicable to any infarction
patient population with similar characteristics. The
existence of a common causal relation is supported
by earlier similar findings. It is probable that the
relation is strongest among patients with an otherwise good prognosis.
On the basis of our findings we estimated that
among patients who had smoked before the
infarction, 28 per cent, or 24 out of the 86 deaths,
were attributable to continuing to smoke after the
infarction and thus could, theoretically, have been
prevented for three years at least by complete
control of smoking after the infarction. For the
reason that smoking seems to be one of the few
things affecting the prognosis after an acute
myocardial infarction which can be modified
permanently and without any side effects, antismoking advice should be an essential part of the
modem comprehensive care of these patients.
Our findings suggest that an individual patient
who had smoked before the infarction could reduce
his risk of dying during the next years by one-third
by giving up smoking after the infarction. This
information could be useful in motivating the
patients with an acute myocardial infarction to stop
smoking.
Because of the considerable prognostic impact of
smoking, further studies on the methods of antismoking health education among the patients with
an acute myocardial infarction are needed.
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