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Effect of smoking habits and timolol treatment on
mortality and reinfarction in patients surviving acute

myocardial infarction
PER K R0NNEVIK, TORSTEIN GUNDERSEN, A M ABRAHAMSEN

From the Medical Departent, Secton of Cardiology, Cent alHospital, Rogaland, Sravnger,Nmy

SUMMARY The Norwegian Multicenter Group Study noted the effect of smoking habits before and
after myocardial infarction and their relation to mortality and reinfarction rate after treatment with
timolol in patients surviving acute myocardial infarction. The mean follow up period was 17-3 (range
12-33) months. No relation was found between initial smoking habits and risk category after
infarction or between initial smoking habits and later outcome. At the time of their first infarct
smokers were seven years younger than non-smokers. One month after infarction nearly 60% of the
smokers had stopped smoking completely. A significandy lower incidence of early cardiac death and
lower total mortality was found in patients treated with timolol in both those who continued
smoking and in the combined non-smoking groups and a significantly lower reinfarction rate among
non-smokers. Cessation of smoking alone was associated with a reduced reinfarction rate by 45% but
a non-significant reduction in mortality by 26%.

It is concluded that treatment with timolol and cessation of smoking have an additive effect in
reducing mortality and reinfarction rate after myocardial infarction.

The use of beta-receptor blockers after acute myocar-
dial infarction has been found to reduce overall mor-
tality.'-3 The effect of smoking habits on mortality
and reinfarction in these patients has, however, not
been reported. In this report we present a detailed
analysis of the Norwegian multicenter timolol trial'
with respect to smoking habits before and after infarc-
tion and their correlation with prognosis.

Patients and methods

A detailed description of the study design, eligibility
criteria, follow up procedures, end point evaluation,
data handling, and statistical methods has been pub-
lished. ' Treatment with timolol 10 mg twice daily was
started 7-28 days after the onset of symptoms. The
patients were stratified to three risk groups: group 1
consisted of patients with recurrent myocardial infarc-
tion with or without conditions for possible high risk;
group 2 consisted of patients with a first myocardial
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infarction and one or more of five high risk condi-
tions'; and group 3 consisted of patients not at high
risk (the remaining patients).

STUDY POPULATION
A total of 1884 patients were included in the study. Of
these, 945 patients were randomised to treatment with
timolol (752 men and 193 women), and 939 to treat-
ment with placebo (732 men and 207 women). The
patients were followed for 12-33 months (mean 17-3
months). Smokers were given individual advice on the
relation of continued smoking and their heart disease
and were encouraged to stop. Smoking habits were
assessed by an interview at each visit.
Smoking data for the 12-2% of the patients with

acute myocardial infarction who died before inclusion
or for patients who were excluded from entry for
other reasons were not recorded.

CLASSIFICATION
Patients were classified as non-smokers if they had
never smoked, as ex-smokers if they had stopped
smoking more than one month before the infarction,
as new ex-smokers if they had stopped smoking after
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Snoking and umolol after myawdi infatction
Table 1 Initialmk habit mpaiets su nwgmycardual vifarcon ac di to nsk gro . Figpures ae nwnber (%) of
palsens

Group I Group 2 Group3 Groups cwbined
(n=352) (n=1091) (n=441) (n=184)

Smokers 151 (42-9) 613 (56.2) 241 (54-7) 1005 (53-3)
Ex-smokers 131 (37-2) 235 (21-5) 106 (24-0) 472 (25-1)
Non-smokers 70 (19-9) 243 (22-3) 94 (21-3) 407 (21-6)
Smokers (grams of tobacco
smoked):

1-4 29 (19-2) 50 (8-2) 27 (11-2) 106 (10-5)
5-14 83 (55-0) 359 (58-5) 142 (58-9) 584 (58-1)
15-24 27 (17-9) 147 (24-0) 60 (24-9) 234 (23-3)
>25 12 (7-9) 57 (9-3) 12 (5-0) 81(8-1)

Duration of smoking (years):
0-9 - 5 (0-8) 1 (0-4) 6(0-6)
10-24 14 (9-3) 78 (12-7) 26 (10-8) 118 (11-7)
25-39 45 (29-8) 243 (39-7) 104 (43-2) 392 (39-0)
>40 92 (60-9) 287 (46-8) 110 (45-6) 489 (48-7)

the infarction for one month or more, and as smokers
if they continued smoking. One cigarette was defined
as 1 g of tobacco, one cigarillo as 2 g, and one cigar as
S g.

OUTCOME
Early cardiac death was defined as death occurring
without previous symptoms or within 24 hours of the
onset of new symptoms of heart disease.

Results

SMOKING HABITS AND INFARCT
CHARACTERISTICS
Table 1 shows the smoking habits in the three risk
groups of the patients surviving the acute stage of the
myocardial infarction. One thousand and five patients
(53-3%) were smokers before the infarct (59-4% of
men and 31% of women), 472 (25%) ex-smokers, and
407 (21-6%o) non-smokers. Of the smokers, 849
(84-5%h) smoked cigarettes, nine (0-9%) cigarillos or
cigars, and 147 (14-6%) pipes. Of the smokers, 935
(93%) inhaled and 70 (7%) did not. The non-inhalers
and pipe smokers were equally distributed among the
risk groups, and because of the small number they are
included in the smoker group in this analysis.

Several hundred comparisons of patient charac-
teristics within and among risk groups were made.
The differences between the treatment groups tended
to be small, and when the differences are adjusted for
by the Cox regression model they did not influence
the life table analyses.
The total mortality in the placebo treated patients

was highest in risk group 1 (17-8%o) followed by risk
group 2 (13-6%), and lowest in risk group 3 (5-4%).
The distribution of smokers, ex-smokers, and

non-smokers was similar in risk groups 2 and 3, as
was the amount of tobacco smoked and the duration
of smoking. Of the smokers, 59% smoked 5-14 g of

tobacco daily, and 9-3% in risk group 2 and 5-0%o in
risk group 3 (not significant) smoked >25 g. Mean
duration for smoking was 35-4 years (37-2 years for
men and 27-4 years for women). Very few patients
had smoked for less than 10 years (12 patients).

In risk group 1 (recurrent infarction) there were
significantly fewer smokers (p<0-01) and significantly
more ex-smokers (p<0-001) than in the other risk
groups. Smokers with a recurrent infarction had a
lower tobacco consumption than smokers with a first
myocardial infarction. Of the smokers in risk group 2,
8-2% had a low tobacco consumption of 1-4 g daily
compared with 19-2%o of smokers with a recurrent
infarction (p<0-001). Twenty four per cent of smok-
ers in risk group 2 compared with 17-9%o in risk group
1 (p<0-001) smoked 15-24 g daily. The ex-smokers
(risk groups combined) had stopped smoking for a
mean of 11-1 years before inclusion in the study and
had been smoking for a mean of 28-4 years before they
stopped.
Smoking habits in patients surviving the acute

phase of a first myocardial infarction therefore seem
not to be correlated with high or low risk categories
after myocardial infarction. Nevertheless, subjects
with recurrent infarction have a lower tobacco con-
sumption than those with a first myocardial infarc-
tion. Likewise we found no correlation between
smoking habits at the time of infarction and later
death.
Age at inclusion in the study was correlated with

smoking status. Smokers who survived their first
complicated infarct (risk group 2) were 6-8 years
younger than non-smokers (58-4 years vs 65-2 years)
and four years younger than ex-smokers.

INITIAL SMOKING HABITS AND OUTCOME
Table 2 shows the distribution, according to initial
smoking habit, of the number of all deaths, early car-
diac deaths, and non-fatal reinfarctions occurring dur-
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Table 2 Frequency distibution ofdeaths and reinfarctins by initil Wnoking stas inpasem treated idth placebo (P) or tumolol
(T). Figures are mbers (%) ofpatient

Category S52ka" Ex-wmoker Non-wsokw All cined

P T P T P T P T

Total No of patients 493 512 234 238 212 195 939 945
Deaths during treatment or within
28 days of withdrawal:

Early cardiac death 50 (10-1) 28 (5-5)* 24 (10.7) 9 (3-8)** 20 (9-4) 10 (5-1) 95 (10.1) 47 (5 0)***
All deaths 58 (11-8) 37 (7-2)* 34 (14-5) 13 (5-5)** 25 (11-8) 17 (8-7) 117 (12-5) 67 (7-1)***

Non-fatal reinfarctions during treatment
or within 28 days of withdrawal 58 (11-8) 48 (9-4) 38 (16-2) 19 (8.0)** 29 (13-7) 13 (6-7)* 141 (15-0) 88 (9-3)***

*p<0.05; **p<0.01; ***p<0-001.

ing treatment or within 28 days of withdrawal from
the study. The total number of deaths were 117 in the
placebo group and 67 in the timolol group (p<0001),
a reduction of 43%. The number of early cardiac
deaths was 95 in the placebo group and 47 in the
timolol group (p<0-001). Overall mortality and the
incidence of early cardiac death were significantly
reduced in the ex-smokers (p<0-01) and initial smok-
ers (p<0.05) treated with timolol. The reduction in
the number of early cardiac deaths and of all deaths in
the non-smoker group was not significant. We found
no difference in the incidence of early death, all

deaths, or reinfarction between timolol treated smok-
ers and timolol treated ex-smokers or between
placebo-treated smokers and placebo-treated ex-

smokers.
The number of initial reinfarctions was 141 in the

placebo group and 88 in the timolol group (p<0.001),
a reduction of 38%. The incidence of initial reinfarc-
tions was significantly reduced in the timolol treated
ex-smokers (p<0-01) and in non-smokers (p<005).
The reduction in reinfarction rate among initial
smokers treated with timolol or placebo was not
significant.

EFFECT OF CHANGING SMOKING HABITS
Figure 1 shows the change in smoking habits during
the,first year of follow up in the two treatment groups.
One month after the infarction the proportion of
smokers had fallen from 52-5% to 21% in the placebo
group, and from 54-7% to 22-7% in the timolol group;
58-600/o of the smokers had therefore stopped smok-
ing completely. In this analysis we did not take into
account the amount of tobacco smoked. The smoking
pattern remained remarkably constant during follow
up. A non-significant increase from 22-7% one month
after inclusion to 25-9% after one year was found in
the number of smokers in the timolol group. There
was little crossover between the smoking groups.
Only one initial non-smoker became a smoker later,
and 16 ex-smokers started smoking again during the
first year. Changes in smoking habits were recorded
one month after the change had occurred. One

hundred and ninety nine patients with a follow up of
less than one month because of withdrawals (58 in
placebo group, 81 in timolol group) or death (37 in
placebo group, 23 in timolol group) were excluded
from this analysis. A total of 1685 patients continued
follow up, and Table 3 and Fig. 2 show the mortality
and reinfarction rates,

Overall mortality was highest in placebo treated
smokers (11-3%). Among those who continued smok-
ing we found a significantly reduced incidence of early
cardiac death in the timolol group compared with the
placebo group (15 vs four, p<005), a reduction of
75%, and of all deaths (20 vs nine, p<0-05). In the
non-smoking groups combined the reduction in inci-
dence of early cardiac death was 47% (51 vs 26,
p<0-01) and of all deaths 40% (60 vs 35, p<0-05) in
the timolol group compared with the placebo group.
Among ex-smokers the reduction in the incidence of
early cardiac death in the timolol group compared
with the placebo group was 63% (19 vs seven p<0 05)
whereas that in the incidence of all deaths was not
significant. Treatment with timolol of those who
stopped smoking (new ex-smokers) was associated
with a reduction in total mortality of 39% (not
significant) and early cardiac death by 39% (not
significant). In the placebo treated patients cessation
of smoking was associated with a reduction in total
mortality of 26% (not significant).
We found a significant reduction in the incidence of

initial reinfarctions in ex-smokers (27 vs 13, p<0-05)
and in all non-smokers combined (73 vs 47, p<0-05)
in patients treated with timolol. The reduction in
incidence of reinfarctions among smokers was not
significant (Table 3, Fig. 2b). Nevertheless, cessation
of smoking reduced the reinfarction rate by 45%
(p<0-05) in placebo treated patients. Twenty six
(14-7%) of 177 patients who continued smoking and
22 (8%) of 276 who ceased smoking had non-fatal
reinfarctions during the study. In the new ex-smoker
group the reinfarction rate was the same (8%) with or
without timolol treatment. A placebo treated con-
tinued smoker had a more than twofold reinfarction
rate compared with a timolol treated ex-smoker.
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Smwking and utnolol after myocardial infarction
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Discussion

Of the men and women alive seven days after acute
myocardial infarction and included in this study,
59-4% and 31% respectively were smokers. Of the
total population of Norway at the time the study took
place, 44% of men and 31% of women aged 16 to 74
years were reported to be smokers.4 The higher pro-

portion of smokers in the study population probably
reflects the fact that smoking is a primary risk factor
for coronary heart disease, although we did not record
smoking data for the 48% of patients excluded out of
the 3647 patients with myocardial infarction initially
screened. Hospital mortality due to acute myocardial
infarction has been reported to be higher in smokers
than in non-smokers,5 decreasing the proportion of

able 3 Frequenec disibution ofdeaths andre farctionsfrn second mnth offollow up. Figures are nwnbers (/o) ofpatiet

itegory Smoker New ex-smoker Ex-smoker Non-wmoker Non-oking groups c ined
P T P T P T P T P T

,tal No of patients 177 191 276 275 204 207 187 168 667 650
eaths during treatment or
thin 28 days of withdrawal:
Early cardiac death 15 (8-5) 4 (2-1)* 20 (7-2) 12 (4-4) 19 (9-3) 7 (3-4)* 12 (6-4) 7 (4.2) 51 (7 6) 26 (4-0)**
All deaths 20 (11-3) 9 (4-7)* 23 (8-3) 14 (5-1) 21 (103) 10 (4-8) 16 (8-6) 11(6-5) 60 (9-0) 35 (5-4)*
on-fatal reinfarctions during
treatment or within 28 days
of withdrawal 26 (14-7) 19 (9-9) 22 (8-0) 22 (8-0) 27 (13-2) 13 (6-3)* 24 (12-8) 12 (7-1) 73 (12-3) 47 (7-2)*
)<0-05; **p<0-01.
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smokers among survivors of myocardial infarction.
The association of smoking with the development of
coronary heart disease is well known.5-'4 The risk of
coronary heart disease increases with the increasing
amount smoked irrespective of other known risk
factors-for example, hypertension or increased
plasma cholesterol concentrations. '5The risk of coro-

nary heart disease is unrelated to the years of exposure
to smoking,6 which suggests an immediate and non-

cumulative effect of tobacco smoking on the incidence
of coronary heart disease.

In the present study the classification of patients
into three risk groups probably correctly reflects the
extent of myocardial damage. ' As expected, the mor-

R#vmevik, GCndetmen, Abrahamen
tality rate was highest in the patients with a recurrent
infarction and lowest in patients with a first uncom-
plicated myocardial infarction. We did not find any
significant differences in initial smoking patterns in
patients surviving a first myocardial infarction with or
without complications (risk groups 2 and 3). In risk
groups 2 and 3, 56-2% and 54-7% respectively were
initial smokers. The smoking pattern with regard to
amount smoked or the duration of smoking was not
different, although 9-3% of smokers in risk group 2
smoked >25 cigarettes a day compared with 5% in
risk group 3. The proportion of smokers was smaller
in patients with a recurrent infarction than in patients
with a first myocardial infarction, probably reflecting
the effect of smoking counselling after their previous
myocardial infarction.

Smoking, together with serum lipid concentrations
and blood pressure, is associated with the highest risk
for coronary heart disease. Prospective epidemiologi-
cal investigations have reported that smoking shows
higher relative risk ratios among younger persons
than older cohorts.9 1' The strong relation between
smoking habits and age of survivors after acute
myocardial infarction in this study may partly be due
to more smokers of advanced age dying in the acute
stage.

Several intervention studies have assessed the effect
of stopping smoking in healthy persons. No
significant effect of stopping smoking on death from
coronary heart disease was reported by Rose and
Hamilton and Rose et al. 16 17 The Multiple Risk Fac-
tor Intervention Trial'8 and the World Health Organ-
isation European Collaborative Group'9 reported a
significant reduction in coronary heart disease and
mortality when risk factors such as hypertension,
smoking, high plasma cholesterol concentrations, and
weight were reduced. A report from the Framingham
Study showed that men who gave up smoking
reduced their risk of coronary heart disease by a
half."I Nevertheless, those subjects over 65 years
derived no such benefit from giving up smoking. The
Oslo Study Group reported a significant reduction in
the incidence of myocardial infarction and sudden
cardiac death when high serum cholesterol concentra-
tions were controlled and smoking was reduced.20

Cessation of smoking after myocardial infarction is
associated with a significant reduction in cardiovascu-
lar mortality.21-28 A 61% reduction in the mortality
rate over a six year period was reported from the
Framingham Study,29 and a 55% lower 13 year mor-
tality in those who stopped smoking after an episode
of unstable angina or myocardial infarction compared
with those who continued smoking was reported by
Daly et al.30 In all risk groups combined we found a
highly significant reduction in total mortality and the
incidence of early deaths in patients treated with
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Smioking and umolol after m 1x-wd infaction
timolol. Although the observed reduction in total
mortality of 26% in those who stopped smoking (and
treated with placebo) did not reach statistical
significance, it accords with the findings of earlier
intervention studies.
Our analyses further suggest that the reinfarction

rate is significantly lower among initial smokers who
stop smoking and among initial non-smokers who are
treated with timolol after the infarction.
Although assessment of the effect of treatment in

separate subgroups should be regarded with caution,
our observations suggest that the cessation of smoking
enhances the effect to timolol treatment on mortality
after acute myocardial infarction and is essential in
substantially reducing the reinfarction rate.

We thank Leo Giezendanner for statistical assistance.
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