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Objective To test whether conventional risk factors and antihypertensive treatment were more predictive of stable angina

(SA) than acute coronary syndrome (ACS) as the first presentation of coronary heart disease (CHD).

Design We used data from the PRIME Study (Prospective Epidemiological Study of Myocardial Infarction), a prospective

cohort of 9758 asymptomatic middle-aged men recruited from WHO MONICA centers in Northern Ireland and France

between 1991 and 1993. SA and ACS events were registered during 5 years of follow-up.

Methods Hazard ratios (HRs) of each risk factor measured at baseline for SA and ACS events were assessed using

separate Cox proportional hazard models. Difference between HRs was estimated by the bootstrap method.

Results After 5 years of follow-up, there were 114 SA and 178 ACS as the first presentation of CHD. Diastolic blood

pressure [adjusted HRs for 1 standard deviation increase = 1.34; 95% confidence interval (CI): 1.17–1.54 vs. 1.04; 95% CI:

0.87–1.25; P for comparison between HRs = 0.012], and possibly cigarette smoking over or equal to 20 pack-years

(adjusted HR = 2.07; 95% CI: 1.43–2.99 vs. 1.29; 95% CI: 0.83–2.01; P for comparison between HRs = 0.062) were more

predictive of ACS than SA, whereas this was the opposite for antihypertensive treatment (adjusted HR = 2.18; 95% CI:

1.39–3.41 for SA vs. 1.28; 95% CI: 0.85–1.93 for ACS, P for comparison between HRs = 0.049).

Conclusion The present data support that SA and ACS, as the first presentation of CHD, may not share exactly the same

determinants. Eur J Cardiovasc Prev Rehabil 16:550–555 �c 2009 The European Society of Cardiology
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Introduction
First, clinical presentation of coronary heart disease

(CHD) can vary from stable angina (SA) to acute

coronary syndrome (ACS) [1]. In most earlier population

studies investigating risk factors for CHD, coronary
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events were grouped together on the assumption that

they all shared the same risk factors [2–4]. However,

histopathological and echographic data indicate that ACS

is triggered by the rupture of an atherosclerotic plaque

with subsequent thrombosis formation contrary to SA

[5,6]. This may suggest that ACS and SA may not share

exactly the same risk factors. Only a few population-based

studies have explored and suggested that the association

of conventional risk factors with the various CHD pheno-

types may differ [7–9]. However, these studies were

conducted in the late 1970s, which included angina pectoris

as defined by pain symptoms only and did not provide

formal statistical comparison between risk estimates.

Therefore, using prospective data from the PRIME Study

(Prospective Epidemiological Study of Myocardial Infarc-

tion), we have compared the association of conventional

CHD risk factors and antihypertensive treatment use

with well-characterized SA and ACS events as the first

presentation of CHD.

Methods
Study population

Details on recruitment, baseline examination, and follow-

up of the PRIME Study have been described earlier

[10]. Briefly, the PRIME Study is a multicenter pros-

pective cohort of 9758 men aged 50–59 years and without

personal history of CHD, who were recruited in the

framework of WHO MONICA centers in Lille, Strasbourg

and Toulouse in France and Belfast in Northern Ireland

between 1991 and 1993. The protocol was approved by

the Institutional Review Board of the Hospital Broussais,

Paris, France. Informed consent was obtained for each

patient who agreed to participate in the PRIME Study.

Baseline examination

General characteristics

Patients who agreed to participate in the study were

given a morning appointment and asked to fast for at least

12 h before their examination. A full description of

clinical and laboratory measurements has been published

earlier [10]. Parental history of early myocardial infarction

(MI) was defined as an MI that occurred before 55 years

of age for the father and before 65 years age for the

mother. Diabetes was defined by the current intake of

oral hypoglycemic treatment or insulin. Blood pressure

was measured twice in the sitting position with the same

automatic device (Spengler SP9; Spengler, Cachan,

France). Pulse pressure was defined as systolic blood

pressure minus diastolic blood pressure. A 12-lead

electrocardiogram was also recorded.

Biologic measurements

A subset of biological measurements was performed in

the entire cohort at baseline. Plasma lipids analyses were

centralized (SERLIA INSERM U325, Institut Pasteur

de Lille, France). Total cholesterol was measured by

enzymatic methods using commercial kits in an auto-

matic analyzer (Boehringer, Mannheim, Germany). High-

density lipoprotein (HDL)-cholesterol was determined

after the precipitation of apolipoprotein B by enzymatic

methods (Boehringer). Low-density lipoprotein (LDL)-

cholesterol was calculated according to the Friedewald

formula for triglycerides r 4.5 g/l.

Follow-up and ascertainment of cases

During the 5-year follow-up, participants were contacted

annually by letter and asked to complete a clinical event

questionnaire. For all the participants reporting a possible

event, clinical information was sought directly from the

hospital or general practitioner records. All details of

electrocardiograms, hospital admissions, enzymes, surgical

intervention, angioplasty, treatments, etc. were collected.

Whenever possible, circumstances of death were obtained

from the practitioner or the family. In the few cases

where the circumstances surrounding the death were not

available from the practitioner or the family, death

certificates were checked for supporting clinical and post-

mortem information on cause of death. All coronary events

were validated by an independent medical committee.

SA was defined by the presence of chest pain on exertion

and one of the following criteria: (i) angiographic stenosis

over 50%; (ii) a positive scintigraphy (if no angiographic

data); and (iii) a positive exercise stress (if no angio-

graphic or scintigraphy data). Unstable angina was

defined as a crescendo pain or chest pain at rest, with

either enzyme changes lower than twice the upper limit

or electrical changes at rest but without MI and no

evidence of a noncoronary cause in the clinical history,

and one of the angiographic or scintigraphic criteria

defined above. In the absence of enzyme or electrical

data, the diagnosis was not upheld.

MI was defined by one of the following set of conditions:

(i) new diagnostic Q wave or other fresh typical

electrocardiographic signs of necrosis; (ii) typical or

atypical pain symptoms and new (or increased) ischemia

and myocardial enzyme levels higher than twice the

upper limit; and (iii) post-mortem evidence of fresh MI

or thrombosis. As only MIs that led to hospitalization

were searched for during follow-up, silent MIs were not

individually considered in this study. Coronary death was

defined as death with a documented coronary event.

After 5 years of follow-up, the CHD event status was

available for 98.8% of the cohort and 317 incident

CHD events were validated. However, of these 317,

292 well-characterized incident events were included for

the analysis and 25 suspected coronary deaths were

excluded, as the coronary event leading to death was not

documented. For the five men who developed successive

CHD events during follow-up, only the first, SA in the

Risk factors of SA and ACS Canoui-Poitrine et al. 551
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present situation, was considered for the analysis. Taken

together, two diagnosis categories were constructed:

SA and ACS including unstable angina and MI (fatal

and nonfatal).

Statistical analysis

The baseline characteristics of men who developed SA,

ACS, and of those who remained free of CHD during

follow-up were compared using analysis of variance and

Pearson’s w2 test for continuous and categorical variables,

respectively. Hazard ratios (HRs) for SA and ACS asso-

ciated with each risk factor were estimated in separate

Cox proportional hazard models; HRs of continuous

variables were calculated for 1 standard deviation (SD)

increase estimated in the overall cohort. Adjustment was

made for baseline covariates, including the study centers;

age; parental history of early MI; cigarette smoking;

alcohol intake; body mass index; systolic, diastolic, or

pulse blood pressure; diabetes, HDL and LDL-cholesterol,

and antihypertensive treatment use. To compare the

HRs of a given risk factor for SA or ACS, we performed

bootstrap analyses. We chose a random sample of the same

size as the original data set and within this set, we cal-

culated the HR of each risk factor for SA and ACS, and

the difference in the corresponding regression coefficient

as well. We repeated this process 1000 times, each time

on a random sample chosen with replacement, ordered

differences between regression coefficients [11]. A one-

sided test with a P value of less than 0.05 was used as the

cut-off value of statistical significance for the difference

between regression coefficients. Analyses were performed

using Stata software 9.1 Version (StataCorp, College

Station, Texas, USA).

Results
Incidence of stable angina and acute coronary syndrome

Among the 9758 men who were free of CHD at baseline,

114 subsequently developed a first SA and 178 a first

ACS event (40 unstable angina events and 138 MIs) over

5 years of follow-up, respectively. This yielded an incidence

rate [95% confidence interval (CI)] of 2.39 (1.95–2.83)

and 4.95 (4.22–5.68) per 1000 person-years for SA and

ACS, respectively.

Baseline characteristics of the cohort

The baseline characteristics in men who developed SA,

ACS, and in those who remained free of CHD during

the follow-up are described in Table 1. As expected, the

patients who developed CHD event (SA or ACS) had a

higher CHD risk profile in comparison with the reference

group. More specifically, cigarette smoking and mean

diastolic blood pressure (in treated and in untreated

men) were higher in those with ACS compared to those

with SA. Instead, mean pulse pressure, mean systolic

Table 1 Baseline characteristics of the cohort according to first coronary event developed after 5 years of follow-up: the PRIME Study

No CHD,
n = 9441

Stable angina,
n = 114

Acute coronary syndrome,
n = 178 P a

Age (years) 54.8 (2.9) 55.4 (2.9) 55.3 (2.9) 0.019
Parental history of early MI 10.0 (945) 18.4 (21) 20.2 (36) < 0.001
Nonsmokers 37.6 (3529) 31.3 (35) 25.4 (45) < 0.001
< 20 packs-years 28.4 (2667) 26.8 (30) 22.0 (39)
Z 20 packs-years 33.9 (3184) 42.0 (47) 52.5 (93)
Alcohol intake (g/day) 37.9 (38.2) 31.7 (36.5) 34.8 (47.8) 0.13
Body mass index (kg/m2) 26.5 (3.43) 27.5 (3.40) 27.2 (3.77) < 0.001
SBP (mmHg)

Without treatment 131.5 (17.6) 138.4 (21.0) 138.8 (21.2) < 0.001
With treatment 146.4 (20.5) 151.0 (24.0) 148.8 (18.7) 0.38

DBP (mmHg)
Without treatment 82.6 (11.1) 84.4 (13.5) 86.4 (11.1) < 0.001
With treatment 90.4 (12.9) 89.7 (13.3) 92.7 (10.1) 0.53

Pulse pressure (mmHg)
Without treatment 48.8 (12.8) 54.0 (16.0) 52.4 (16.6) < 0.001
With treatment 56.0 (15.5) 61.3 (17.3) 56.0 (15.6) 0.28

Diabetes 2.9 (272) 4.4 (5) 5.6 (10) 0.063
LDL-cholesterol (g/l) 1.44 (0.34) 1.60 (0.36) 1.55 (0.31) < 0.001
HDL-cholesterol (g/l) 0.49 (0.13) 0.45 (0.12) 0.45 (0.13) < 0.001
Antihypertensive treatment 12.9 (1217) 28.1 (32) 19.7 (35) < 0.001
b-blockers 5.1 (481) 14.0 (16) 9.0 (16) —
ACE inhibitors 4.8 (449) 7.0 (8) 6.7 (12) —
Calcium channel blockers 2.6 (249) 8.9 (10) 5.1 (9) —
Diuretics 4.2 (395) 3.5 (4) 5.1 (9) —
Others 1.4 (134) 1.8 (2) 1.7 (3) —
Lipid-lowering treatment 8.5 (798) 10.5 (12) 10.1 (18) 0.54
Fibrates 5.6 (531) 5.3 (6) 6.7 (12) —
Statins 2.8 (267) 5.3 (6) 3.4 (6) —
Aspirin 3.4 (316) 1.8 (2) 2.3 (4) —

Data are expressed as mean (SD) and % (n) for continuous and categorical variables, respectively. ACE, angiotensin-converting enzyme; CHD, coronary heart disease;
DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MI, myocardial infarction; PRIME Study, Prospective Epidemiological Study of
Myocardial Infarction; SBP, systolic blood pressure. aP values for comparison among the three groups: ANOVA and w2 or Fischer’s exact test for continuous and
categorical variables, respectively.
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blood pressure (in treated men), and antihypertensive

treatment use were higher in men who experienced SA

than in those who developed ACS. Lipid-lowering

treatment use was not different between the two groups.

Predictors of first coronary heart disease event

Table 2 compares the adjusted HRs of each risk factor for

SA and ACS. Parental history of early MI (borderline

statistical significance), systolic blood pressure, HDL and

LDL-cholesterol, were equally predictive of SA and ACS.

Pulse pressure tended to be more predictive of SA (HR

for 1SD increase = 1.35; 95% CI: 1.15–1.58) than ACS

(HR for 1SD increase = 1.18; 95% CI: 1.02–1.36),

although the difference between the two HRs was not

statistically significant (P = 0.12). In contrast, diastolic

blood pressure and cigarette smoking Z 20 pack-years

were associated with ACS but not with SA. Difference

between HRs was statistically significant for diastolic

blood pressure (P = 0.012), and borderline significant for

cigarette smoking (P = 0.062). Antihypertensive treat-

ment use was associated with SA but not with ACS,

and difference between HRs was statistically significant

(P = 0.049).

Discussion
In this prospective study of initially asymptomatic

middle-aged men, elevated diastolic blood pressure and

possibly cigarette smoking Z 20 pack-years were more

predictive of ACS than SA as the first presentation of

CHD over 5 years of follow-up. In contrast, the use of

antihypertensive treatment was more likely associated

with SA than ACS.

Population incidence rate estimates of the different

phenotypes of CHD, including ACS and SA, are currently

lacking. One Danish cohort considered hospitalized ACS

between 2000 and 2002 in participants aged 30–69 years

[12]. In the subgroup of men aged 50–59 years, incidence

rate of ACS was 4.7 per 1000 person-years, which is of the

same order of magnitude as the 4.95 per 1000 person-

years reported in the PRIME Study. Conversely, in one

recent Finnish study of patients aged 45–89, incidence

rate of SA in the subgroup of men aged 55–64 years

was three to five times higher than that observed in

the PRIME Study [13]. In that study, however, the

prevalence of cardiovascular comorbidities, including

heart failure, was particularly high (9%).

In the few earlier studies that had investigated risk

factors for CHD phenotypes, SA was mostly defined on

the basis of self-reported pain symptom only [7–9],

whereas in the PRIME Study, more stringent criteria,

including biological, invasive (angiography), and noninva-

sive tests (stress test), were additionally used, limiting

the classification bias on SA. Besides, earlier studies were

mostly conducted in the late 1970s, when risk factor

levels were higher and effective cardiovascular therapies

less available, than at the time of the PRIME base-

line examination. Nevertheless, we considered ACS as

a homogeneous group, whereas the results of the

EuroHeart Survey suggest that ACS with and without

ST elevation at hospital presentation may not share the

same determinants [14]. Unfortunately, we were not able

to perform reliably such stratified analysis.

The current findings that heavy smoking tended to be

more predictive of ACS than SA, is consistent with the

results of three prior population-based prospective

studies [7–9]. It is also consistent with experimental

evidence showing that smoking enhances the risk of

plaque rupture of a lipid-rich, thin-capped atheroma in

men [5]. Moreover, exposure to cigarette smoking

has been shown to promote the initiation and the

propagation of thrombus formation and to limit its

effective dissolution [15,16].

We observed that elevated diastolic blood pressure was

associated with ACS but not with SA, consistent with

some physiopathological arguments. In addition to its

chronic effect on atherosclerosis development [17],

elevated blood pressure has acute effect in triggering

acute plaque disruption by inducing mechanical stress

on the arterial wall [5,18]. Elevated blood pressure has

Table 2 Adjusted HRs and 95% confidence intervals
of conventional risk factors for first stable angina and first
acute coronary syndrome over 5 years: the PRIME Study

Stable angina,
n = 114

Acute coronary
syndrome,
n = 178 P a

Age (years) 1.04 (0.97–1.11) 1.05 (1.00–1.11) 0.35
Parental history of early MI

No 1.00 1.00
Yes 1.54 (0.94–2.52) 1.60 (1.07–2.40) 0.44

Cigarette smoking (pack-years)
Nonsmokers 1.00 1.00
< 20 1.21 (0.74–1.96) 1.26 (0.82–1.95) 0.45
Z 20 1.29 (0.83–2.01) 2.07 (1.43–2.99) 0.062

Alcohol consumption (g/day) 0.93 (0.75–1.16) 0.98 (0.83–1.15) 0.38
Body mass index (kg/m2) 1.08 (0.89–1.32) 0.97 (0.82–1.14) 0.17
SBP (mmHg) 1.29 (1.09–1.52) 1.34 (1.17–1.54) 0.36
DBP (mmHg) 1.04 (0.87–1.25) 1.34 (1.17–1.54) 0.012
Pulse pressure (mmHg) 1.35 (1.15–1.58) 1.18 (1.02–1.36) 0.12
Diabetes

No 1.00 1.00
Yes 0.96 (0.35–2.65) 1.63 (0.82–3.24) 0.19

HDL-cholesterol (g/l) 0.74 (0.58–0.94) 0.76 (0.63–0.92) 0.40
LDL-cholesterol (g/l) 1.50 (1.26–1.79) 1.33 (1.15–1.54) 0.15
Antihypertensive treatment

No 1.00 1.00
Yes 2.18 (1.39–3.41) 1.28 (0.85–1.93) 0.049

HRs were estimated by separate Cox proportional hazard models adjusted for
study centres, age, parental history of early MI, cigarette smoking, alcohol
intake, body mass index, diabetes, SBP (or DBP or pulse pressure), HDL and
LDL-cholesterol, and antihypertensive treatment; HRs for continuous variables are
given for 1 SD except for age (1 year). DBP, diastolic blood pressure; HDL, high-
density lipoprotein; HRs, hazard ratios; LDL, low-density lipoprotein; MI,
myocardial infarction; PRIME Study, Prospective Epidemiological Study of
Myocardial Infarction; SBP, systolic blood pressure. aP values for comparisons
between HRs were assessed using bootstrap method with a one-sided test.
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also been associated with impaired fibrinolytic activity

and may thereby reduce the chance of spontaneous

thrombolysis in case of an atherothrombotic event [19].

Nonetheless, that diastolic but not systolic blood

pressure was preferentially associated with ACS was

unclear, although this was reported in one earlier longi-

tudinal study [9]. Pulse pressure was previously reported

as an independent risk factor of cardiovascular mortality

and MI in middle-aged men [20–22]. However, to the

best of our knowledge, its association with SA has not

yet been evaluated in observational studies. In this

study, pulse pressure was predictive of both SA and ACS,

with a higher magnitude for the former. We found that

antihypertensive treatment was associated with a higher

relative risk of SA than ACS, which is concordant with the

protective effect of antihypertensive treatment toward

the risk of unstable, higher-risk clinical presentations of

CHD. In a recent retrospective observational study

conducted in participants of a large health care delivery

system in Northern Carolina, recent use of b-blockers and

statin treatment was predictive of first SA as defined

clinically (natural history of pain symptom) but not first

MI [23]. We have currently complemented these prior

findings on antihypertensive treatment on a prospective

basis, in a European population, using more specific

criteria for the definition of SA. We did not perform

analysis by subclass of antihypertensive treatment, as

there were very few events in each subclass.

What might be the implications of our findings for primary

prevention of CHD? The incidence rate of CHD have

been declining for the past 20 years, and a large part of

this decline has been attributable to a better control of

cardiovascular risk factors and of smoking in particular

(especially in men) [24,25]. Therefore, that smoking

status (and diastolic blood pressure) was more predictive

of ACS than SA in this study raised the hypothesis that the

observed decrease in CHD incidence concerned especially

unstable, higher-risk clinical presentations of CHD.

The reported results should be interpreted with some

limitations in mind. We may have lacked adequate power,

suggesting that identified differential associations may

have been underestimated, and that true but smaller

differential association may not have been detected. No

interim examinations were conducted here so that change

in risk factor levels and in therapy during follow-up was

not controlled for. Finally, the transportability of the

current results in women and in elderly populations

should be evaluated.

In conclusion, this prospective study suggests that

elevated diastolic blood pressure and possibly cigarette

smoking may be more predictive of ACS than SA as a

first presentation of CHD. In contrast, antihypertensive

treatment use may be more likely associated with SA than

ACS. Taken together, these findings support the hypo-

thesis that SA and ACS as first manifestation of CHD

may not share all the same determinants.
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Lille, France (G. Luc, J.M. Bard).

The Laboratory of Haematology, INSERM, U626, Marseille,
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