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Does stopping smoking delay onset of angina after
infarction?

LESLIE E DALY, IAN M GRAHAM, NOEL HICKEY, RISTEARD MULCAHY

Abstract

This study was designed to determine the relation
between stopping smoking and angina after infarction
in survivors of an acute coronary attack. The study
population comprised 408 men aged under 60whosurvived
a first attack of unstable angina or myocardial infarction
by 28 days and were smoking cigarettes at the time of
their attack. These patients were followed up for an
average of nine years. Three hundred and eighty four
were alive at the one year follow up examination, when
the presence or absence of angina together with habits
of smoking were recorded. The prevalence of angina at
one year was 19 5% in the 241 who had stopped smoking
cigarettes compared with 32-2% in those who had
continued (p <0 01). Six years later, however, the
prevalence of angina after infarction was the same in
the two groups.

It is concluded that the onset of angina after infarction
can be delayed by stopping smoking cigarettes but that
this effect is not maintained in the long term.

Introduction

The greater chance of survival for those who stop smoking
cigarettes after a coronary attack is well documented,1-10 but
only one report (with negative findings) mentions explicitly
the relation between stopping smoking cigarettes and subsequent
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angina pectoris.8 This paper examines this question in a long
term follow up study of 408 men who smoked and survived a
first attack of unstable angina or myocardial infarction and
were entered into the St Vincent's Hospital heart study.

Patients and methods

Between 1 January 1965 and 31 December 1975, 555 consecutive
men aged under 60 who survived a first attack of unstable angina or
myocardial infarction by at least 28 days were admitted into a long
term follow up study. Diagnostic criteria for entry to the study have
been previously published.' This report concentrates on the 408
(73-4%) of those patients who were smoking one or more cigarettes
daily in the three months before their attack. Of these, 81 (19-9%)
had a diagnosis of unstable angina.
A uniform programme of rehabilitation and secondary prevention

included advice in hospital and at follow up against smoking. Routine
drugs such as anticoagulants or f blockers were not used. Follow up
data were recorded annually at a special clinic, and 384 of the 408
patients who smoked before the study began were alive at their first
("one year") examination (mean time to examination was 13-8 months).
Subsequent long term follow up of these 384 patients was almost
complete when this report was written. By the end of 1983, 188 had
died and all but nine (2 3%) had their last follow up examination in
1982 or 1983. The mean duration of follow up to death or last
examination was 8 3 years (range 0-1-17 7), with an average of 8-1
annual examinations.

In addition to age and the severity of the first attack, baseline
characteristics recorded at entry to the study included blood pressure,
serum cholesterol concentration, results of a glucose tolerance test,
habits of exercise, consumption of cigarettes and alcohol, anginal
state before admission, and measurements of height and weight. Only
patients with angina for at least three months before their first attack
were classified as having angina before infarction. Smoking and
anginal state are the two characteristics at follow up reported here.
At each examination a smoker who had stopped smoking for at
least three months was defined as a "stopped smoker." A high degree
of veracity in the stated smoking habits of a sample of these patients
has been reported." For both first and follow up examinations the
presence or absence of angina pectoris was based on symptoms
reported to the investigators.

Statistical techniques included X2 and t tests, logistic regression,
and an adaptation of the clinical life table of Kaplan and Meier. 2
Significance was determined at a two sided 5% level.
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Results

Of the 384 men who smoked when the study began and survived
to attend their first annual follow up examination, 241 (6288%) had
by then stopped smoking. Of these, 47 (19-5%) reported the presence
of angina pectoris. The remaining 143 continued to smoke and
46 (32-2%) ofthem reported the presence ofangina; in total 93 (24 2%)
patients reported the presence of angina. The prevalence of angina
after infarction was reduced by nearly 40% in those who stopped
smoking compared with those who continued (X2 = 7-85, df= 1,
p < 0-01).
This relation remained significant when potential confounding

variables were adjusted for by means of a stepwise logistic regression
analysis. Angina at first follow up was the dependent variable, and
the 11 first factors mentioned above together with stopping smoking
were entered as independent variables. Angina before infarction and
serum cholesterol concentration were also independently and
significantly associated with angina at one year. A univariate analysis
showed that of 95 patients who had angina before infarction, 45
(47 4%) still had angina afterwards, and of 287 who did not have
angina before infarction, 48 (16-7%) had it afterwards; data were
missing on two patients (X2 = 36-4, df= 1, p <00001). The mean
(SE) serum cholesterol concentration in 95 patients who had angina
after infarction was 6-97 (0-16) mmol/l (270 (6-18) mg/100 ml) and
that in the 291 patients who did not have angina after infarction was
6-55 (0 08) mmol/l (253 (3 09) mg/100 ml) (t= 2-34, df= 382, p < 0 05).
The table shows the joint effect of stopping smoking and angina
before infarction on the prevalence of angina at one year. Stopping
smoking resulted in an absolute reduction of about 12% in the
prevalence of angina at one year irrespective of the presence of angina
before infarction.

Prevalence of angina at first annual follow up
related to stopping smoking and angina before
infarction in 382 survivors of coronary attack

Angina before Smoking Prevalence of angina
infarction at follow up at one year

Present f Stopped 24/56 (43 OO)Continued 21/39 (54%)
Abatf Stopped 23/183 (130o/)senQ Continued 25/104 (24°o)

To assess the long term effect of stopping smoking on angina a
cumulative score of angina after infarction was calculated for each
patient. This was defined as the proportion of follow up examinations
at which angina was present. The mean (SE) cumulative score for
angina was 47-79 (4-42) in patients with angina before infarction and
25-67 (2 09) in those without angina (t=4-99, df=380, p<0 0001).
The mean (SE) score for angina in patients who stopped smoking
was 29 24 (2 37) and in those who continued smoking 34 12 (3 46)
(t = 1 20, df= 382, NS).
The fact that stopping smoking, while having a strong influence on

immediate angina after infarction, failed to show an effect on long
term angina led to further examination. A modified computation of
the life table of Kaplan and Meier was applied to the development of
angina subsequent to the examination at one year by beginning the
life table at the prevalences of angina at one year of 1955% and 32 2%
in the smokers who had stopped and continued, respectively. The
figure shows these curves. Deaths were treated as withdrawals from
the life table, so that essentially this approach calculated the proportion
expected to have experienced angina if there had been no deaths. The
figure shows clearly that there was a catch up effect and that after
almost six years (seven years from the first attack) angina in the
smokers who had continued and stopped was the same. This explains
the observed lack of influence of stopping smoking on long term
angina. An analysis stratified by the anginal state before infarction
showed a similar catch up effect.

Discussion

Two published reports suggest a beneficial effect of stopping
smoking on angina in patients with established coronary heart
disease. The data from the coronary drug project on 2789
survivors of myocardial infarction are difficult to interpret,

however, because of the method used to categorise smoking
state.1' The results of a recent crossover trial on 10 patients
with chronic stable angina are only indicative because of the
small numbers considered." The only study that examined the
question explicitly found no effect in 1023 survivors ofmyocardial
infarction. 8

This study was carried out to determine the short term and
long term effects on subsequent angina of stopping smoking in
survivors of a coronary attack who had smoked when the study
began. Non-smokers were not included. Long term angina in
this paper was based on a cumulative score that was independent
of the number of survivors in the groups under comparison. It
thus neutralised a potential masking effect caused by the known
relation between stopping smoking and mortality-stopped
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smokers might have reported more angina simply because they
lived longer and so had more time to develop it.
The presence of angina before infarction was strongly related

to the prevalence of angina one year after the first attack and
to long term angina over the subsequent 17 years. Stopping
smoking was independently associated with a 40% reduction
in the prevalence of angina at one year but was not related to
the score for long term angina. This was explained, however,
by an analysis of the proportion of patients who experienced any
angina after infarction over time. The results showed that
roughly six years after stopping smoking the proportions who
had experienced any angina in smokers who had stopped and
continued were the same.
The known relation between habitual smoking of cigarettes

and increased concentrations of carboxyhaemoglobin, and the
observation that raised carboxyhaemoglobin concentrations will
aggravate angina that is induced by exercise,'6 lend credence to
our findings. We conclude that, in addition to reducing long
term mortality and further non-fatal coronary events, a patient
who stops smoking after infarction delays the onset of angina
pectoris, though the effect is not maintained in the long term.

We thank all the staff, past and present, in the cardiac department
of St Vincent's Hospital who have helped in the annual follow up
examination of these patients, Mrs Christine Delaney for her excellent
typing, and the computer centre, University College, Dublin, for the
use of computer facilities.
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SHORT REPORTS

Severe hypocalcaemia and increased
serum creatine kinase activity
Serum creatine kinase activity (EC 2.7.3.2) is often requested in the
investigation of patients with suspected myocardial infarction or
disease of skeletal muscles. Both intramuscular injection and moderate
exercise increase serum creatine kinase activity.' We studied the asso-
ciation between high serum creatine kinase activity and hypo-
calcaemia.

Patients, methods, and results

One of our patients (case 1, see table) had a serum creatine kinase activity
of over 3000 U/i (mid 95% reference interval 50-230 U/1), which was thought
to have been caused by hypocalcaemic convulsions. After treatment with
intravenous calcium the patient had no further convulsions, though serum
creatine kinase activity remained high, which was surprising as serum
creatine kinase has a half life of about 34 hours. When treated with calcitriol
the patient's serum calcium concentration gradually returned to normal as did
serum creatine kinase activity. This observation led us to study serum

creatine kinase activity in other patients. Ten patients with severe hypo-
calcaemia, eight with hyperphosphataemia but no appreciable hypocalcaemia,
and nine with various severe illnesses but normal serum calcium and phos-
phate concentrations (controls) were studied. No patients had clinically
obvious cardiac or skeletal muscle disease.

For each patient serum calcium concentrations and serum creatine kinase
activities were determined at least twice on different days in different blood
specimens, which were separated promptly and analysed within four hours of
collection. Creatine kinase activity and magnesium concentrations were
measured by Dupont ACA methods; all other biochemical tests were per-
formed by standard SMAC 1 methods. We corrected serum calcium con-
centrations using the following formula: corrected serum calcium concentra-
tion (mmol/l)= serum calcium concentration (mmol/l)+ ((41- serum albumin
concentration (g/l)) X 0-019). The mean normal serum albumin concentration
for our population and method was 41 g/l. The table summarises relevant
diagnoses and biochemical data.
Two patients (cases 1 and 2) were studied for several weeks. One (case 1)

was treated with up to 6 jug calcitriol daily. The other (case 2) was treated with
2 ,ug calcitriol daily. Serum creatine kinase activities fell as serum calcium
concentrations returned to normal. There was an appreciable inverse cor-
relation between serum creatine kinase activity and calcium concentration
in these two patients (r== -0-84 and -0-96, respectively). In all 28 patients
studied there was an inverse correlation between serum creatine kinase
activity and serum calcium concentration, which could be linearised by loge

Summary of biochemical data and principal diagnoses in 28 patients. Values in parentheses are general adult mid-95% reference intervals

Serum creatine Serum Serum Corrected Serum Serum Serum
kinase calcium albumin serum calcium phosphate creatinine magnesium

Age (U/1) (mmol/l) (gWl) (mmol/l) (mmol/l) (,umol/l) (mmol/l)
Case No Principal diagnosis (years) (50-230) (2-10-2-52) (37-48) (2-10-2-52) (0-7-1-4) (50-110) (0 5-0 9)

Patients with hypocalcaemia
I ?Idiopathic hypoparathyroidism 61 3100* 1 10 34 1-23 2-1 290 0-85
2 Chronic renal failure 21 9580* 1 15 34 1-28 3-77 1402 1 10
3 Chronic renal failure 32 2840 0-92 37 1 00 2-57 2711
4 Chronic renal failure 25 803 1-50 38 1-56 803
5 Chronic renal failure 40 334 1-66 30 1-87 2-16 1211
6 Chronic renal failure 60 118 1-56 30 1-77 2-32 118
7 Chronic renal failure 57 230 1-29 30 1-50 2-17 935
8 ?Hypoparathyroidism 20 608 1-23 44 1-17 2-17 60 0-95
9 Thyroidectomy 26 700 1-39 31 158 1-15 42
10 Hypoparathyroidism 35 380 1-67 45 1-60 1-57 93
11 Rickets 5 208 1-37 46 1-27 1-26 36

Patients with hyperphosphataemia and normocakaemia
12 Chronic renal failure 60 42 2-40 23 2-74 1-8 363
13 Chronic renal failure 62 130 2-19 40 2-21 2 1 912
14 Chronic renal failure 50 190 2-38 35 2-49 3-54 305
15 Chronic renal failure 55 34 2-05 29 2-26 2-12 464
16 Chronic renal failure 75 58 2-28 33 2 43 1-60 761
17 Chronic renal failure 49 26 1-80 26 2-09 2-00 578
18 Hypertension 48 44 1.91 22 2-27 2-90 812
19 Systemic lupus erythematosus 23 58 1.90 21 2-27 4 40 304

Patients with normocalcaemia and normophosphataemia
20 Carcinoma of colon 55 20 2-28 35 2-39 1-23 78
21 Carcinoma of stomach 63 110 2-30 30 2-51 1-18 70
22 Chronic renal failure 70 36 2-02 19 2-44 0 81 248
23 Chronic renal failure 61 80 2-15 32 2-32 1-37 1200
24 Chronic renal failure 65 14 2-04 28 2-29 1-27 247
25 Chronic renal failure 55 14 2-20 30 2-41 0 94 386
26 Congestive cardiac failure 66 126 2-49 39 2-53 0 94 142
27 Diabetes mellitus, septicaemia 56 84 1-68 17 2-14 1-39 199
28 Nephrotic syndrome 65 26 2 02 20 2-42 1-40 441

*Electophoretic studies showed increased creatine kinase activity to be exclusively due to the MM (skeletal muscle) isoenzyme.
Conversion: SI to traditional units-Serum calcium: 1 mmol/Il 4 mg/100 ml. Serum creatinine: 1 gmol/l z 0 011 mg/100 ml. Serum magnesium: 1 mmol/Il 2 4 mg/100 ml.

Serum phosphate: 1 mmol/13-1 mg/100 ml.
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