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Introduction

Ultrasonographic assessment of peripheral arteries has
evolved as a promising technique for non-invasive
evaluation of atherosclerosis. Intima-media thickness of
the carotid artery has been shown to be related to
coronary risk factors in epidemiological and cross-
sectional studies[1–4], and has even been used as the
primary effect variable for the evaluation of progression/
regression of atherosclerosis during lipid-lowering[5–7] or
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Background Ultrasonographic assessments of intima-
media thickness and plaques in the carotid artery are widely
used as surrogate markers for coronary atherosclerosis, but
prospective evaluations are scarce and appear to be lacking
in patients with coronary artery disease. Ultrasonographic
evaluations of femoral vascular changes have not been
studied prospectively.

Methods and Results In the Angina Prognosis Study
in Stockholm (APSIS), 809 patients with stable angina
pectoris were studied prospectively during double-blind
treatment with verapamil or metoprolol. Ultrasonographic
assessments of intima-media thickness, lumen diameter and
plaques in the carotid and femoral arteries were evaluated
in a subgroup of 558 patients (182 females) with a mean age
of 60�7 years, and related to the risk of cardiovascular
death (n=18) or non-fatal myocardial infarction (n=26), or
revascularization (n=70) during follow-up (median 3·0
years). Univariate Cox regression analyses showed that
carotid intima-media thickness and plaques were related to
the risk of cardiovascular death or myocardial infarction.
Femoral intima-media thickness was related to cardio-
vascular death or myocardial infarction, as well as to
revascularization, whereas femoral plaques were only
related to the latter. After adjustment for age, sex, smoking,
previous cardiovascular disease and lipid status, carotid
intima-media thickness failed to predict any cardiovascular
event, whereas carotid plaques tended (P=0·056) to predict
the risk of cardiovascular death or myocardial infarction.
Femoral intima-media thickness (P<0·01) and plaques
(P<0·05) were also related to the risk of revascularization
after adjustments.

Conclusions Carotid and femoral vascular changes
were differently related to cardiovascular events. Carotid
intima-media thickness was a weak predictor of events,
whereas femoral intima-media thickness predicted revascu-
larization. Plaques in the carotid artery were related to
cardiovascular death or non-fatal myocardial infarction,
whereas plaques in the femoral artery were related to
revascularization. Evaluations of plaques provided better
prediction than assessments of intima-media thickness in
patients with stable angina.
(Eur Heart J 2001; 22: 62–72, doi:10.1053/euhj.1999.2006)
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antihypertensive[8] treatment. Relationships between
intima-media thickness of peripheral arteries and cor-
onary artery disease manifestations are, however, not
well studied. In autopsy studies, a close relationship
between carotid and coronary atherosclerosis has been
reported, whereas a weaker relationship was found for
femoral atherosclerosis[9,10]. Results regarding corre-
lations between carotid intima-media thickness and the
severity of coronary artery disease on coronary
angiograms[11–14] have been conflicting.

Whether or not ultrasonographic changes in periph-
eral arteries are good surrogate markers for cardiovas-
cular risk is not well established. One study in healthy
men showed that carotid intima-media thickening
tended to be related to increased risk of acute myo-
cardial infarction, and that the presence of carotid
plaques was significantly related to such events[15]. Semi-
quantitative assessments of carotid atherosclerosis[16] or
intima-media thickness measurements[17] by ultrasound,
have been found to be related to the risk of subsequent
cardiovascular events in asymptomatic individuals, and
to the risk of ischaemic stroke in patients with various
manifestations of atherosclerosis[18]. However, there are
few data regarding the prognostic importance of intima-
media thickness or the occurrence of plaques in the
carotid and/or femoral arteries in patients with coronary
artery disease. Increased large artery lumen diameters
may be a compensatory response in early stages of
atherosclerosis, based on patho-anatomical studies[19,20],
and ultrasonographic assessments[21,22]. Whether carotid
or femoral lumen diameters have prognostic impli-
cations is, however, not known. Taken together, there
is a need for information regarding the prognostic
implications of ultrasonographic findings in patients
with coronary artery disease.

The Angina Prognosis Study in Stockholm (APSIS)
evaluated the long-term effects of verapamil and meto-
prolol on cardiovascular prognosis in patients with
stable angina pectoris[23]. The aim of the present APSIS
substudy was to evaluate how baseline ultrasono-
graphic measurements of intima-media thickness, lumen
diameter and/or plaques in the carotid and femoral
arteries relate to cardiovascular end-points in patients
with stable angina pectoris. In addition, we examined
the relationships between vessel wall changes and the
presence of clinical coronary risk indicators.
Ultrasonographic examinations

Ultrasonographic examinations were performed with an
Acuson 128 (Mountain View, CA, U.S.A.), equipped
with 5 or 7 MHz transducers, with subjects in the supine
position. An ECG signal synchronized the image analy-
sis to the end of diastole. The left carotid and femoral
arteries were examined. The carotid artery was scanned
at the level of the bifurcation with the head turned to the
right. The examined region included 30 mm of the
common carotid artery, the carotid bulb, and 10 mm
each of the internal and external carotid arteries. The
femoral artery was examined distally to the inguinal
ligament at the bifurcation into the superficial and
profound femoral arteries. The area scanned was
approximately 30 mm proximal and 10 mm distal to the
femoral bifurcation.

The regions were scanned with both longitudinal and
transverse projections, in order to assess the occurrence
of plaques. Three B-mode images from the longitudinal
view, as well as a short sequence of real-time images,
were recorded on videotape. Doppler ultrasound was
used for information on blood flow velocity and for
Methods

Subjects

A total of 809 patients (248 women) less than 70 years of
age, with a typical history of angina pectoris (effort
induced, angina at rest or mixed angina), were included
in the APSIS study. The present substudy concerns
baseline assessments of the carotid artery in 540 patients
(179 females), and of the femoral artery in 536 patients
(182 females). The diagnosis of angina pectoris was
clinical. When indicated, thorough examinations were
performed in order to exclude non-cardiac causes of
chest pain[23]. Exclusion criteria were: previous myo-
cardial infarction within 3 years, unstable angina or
severe angina with an anticipated need for revascular-
ization within 1 month, coronary artery by-pass grafting
(CABG) or percutaneous transluminal coronary angio-
plasty (PTCA) within the last year, heart failure despite
treatment, systolic blood pressure below 100 mmHg,
obstructive pulmonary disease, significant valvular dis-
ease or obvious risks for poor compliance. Baseline
findings in these patients have been described in detail
previously[23,24].
Treatment regimen

The patients were randomized to double-blind treatment
with slow-release formulations of either metoprolol
(Seloken ZOC; target dose 200 mg once daily) or vera-
pamil (Isoptin SR; target dose 240 mg twice daily). If
tolerated, the dosage was increased after 2 weeks on half
of the target dose. About half of the patients were on full
dose in both treatment groups at the end of the study;
the remainder were on half dose. Patients previously
treated with beta-blockers or calcium antagonists were
switched to minimal doses of either study drug (25–
50 mg . day�1 of metoprolol or 80 mg . day�1 of vera-
pamil, depending on the type of drug used) during
a 2-week run-in period. Treatment with long-acting
nitrates, acetylsalicylic acid, ACE inhibitors and
lipid-lowering drugs was allowed. The use of lipid-
lowering drugs and aspirin at baseline was 6% and 39%,
respectively.
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vessel identification. Three ‘frozen’ images were
recorded for assessments of intima-media thickness
and lumen diameter. Optimal image projection was
considered to be achieved when ultrasound beams were
perpendicular to the far vessel wall.

All ultrasonographic examinations were performed by
two specially trained technicians. In order to standardize
the reading procedure of the video-recordings, one
technician analysed all examinations of the carotid
artery, and the other of the femoral artery. Intra-
observer variability was less than 10%.
Eur Heart J, Vol. 22, issue 1, January 2001
Results

Baseline characteristics

The mean age of the patients in this substudy was 60�7
years and 67% were males. Hypertension was present in
Assessments of intima-media thickness and
lumen diameter

The ultrasonographic images were analysed with a com-
puterized system[25], and blind evaluation was made in
terms of treatment. Intima-media thickness was defined
as the distance from the leading edge of the lumen-
intima interface to the leading edge of the media-
adventitia interface of the far wall. Intima-media
thickness was measured in a 10-mm long segment just
proximal to the carotid bulb in the common carotid
artery and in a 15-mm long segment just proximal to the
bifurcation in the femoral artery. The computer pro-
gram calculated the minimum, maximum and mean
values of intima-media thickness from three separate
images. Lumen diameter was defined as the distance
between the leading edges of the intima-lumen interface
of the near wall and the lumen-intima interface of the far
wall.
Assessments of plaques

Plaques in the carotid and femoral artery were classified
according to a four-graded semi-quantitative scale of the
size/severity of plaques. A plaque was defined as a
distinct area with an intima-media thickness exceeding
twice that of neighbouring sites. The scale was defined as
follows: grade 0: no plaque; grade 1: small localized
plaque/wall thickening; grade 2: moderate plaque with
<50% lumen diameter stenosis; grade 3: circumferential
and/or large plaque with �50% lumen diameter
stenosis. Plaques were registered in the distal part of the
common carotid artery, the carotid bulb or in the
proximal parts of the internal or external carotid artery.
Plaques in the femoral artery were registered if found
in the 15 mm section proximal to the bifurcation, in
the bifurcation area or in the proximal parts of the
superficial and profound femoral arteries.
Follow-up and definitions of end-points

All examinations were performed at baseline. The
median follow-up time was 3·0 years, comprising a total
of 1679 patient years on an intention-to-treat basis. No
patient was lost to follow-up. The primary end-points
for follow-up of the APSIS study were death and
cardiovascular events, defined as: acute myocardial
infarction, incapacitating or unstable angina, cerebro-
vascular events (including transitory ischaemic events)
or peripheral vascular events (threatening or overt
gangrene, or surgery for aortic aneurysm). The criteria
for myocardial infarction were a typical clinical
presentation, a significant rise in cardiac enzymes and/or
development of Q waves on the ECG, with or without
hospitalization. Incapacitating angina was defined as
symptoms which were insufficiently relieved by the study
medication, complemented with long-acting nitrates,
and severe enough to compromise ordinary life and
indicate a revascularization procedure when needed.
Statistical analysis

Continuous variables in different groups were compared
by independent two-tailed t-tests. Coefficients of
skewness and kurtosis were used to test deviations
from a normal distribution. Non-normally distributed
variables were logarithmically transformed prior to
statistical analysis. Relationships between continuous
variables were tested by calculation of Pearson corre-
lation coefficients. Categorical data were compared by
chi-squared analyses. In addition, descriptive statistics
and graphical methods were employed to characterize
the data. Analyses were carried out using Statistica�,
version 5.1 (StatSoft, Tulsa, OK, U.S.A.). A P-value
<0·05 was considered significant. Means and standard
deviations are given, unless otherwise stated.

Associations between ultrasonographic variables and
coronary events were first tested by univariate Cox
regression analyses. Follow-up times until various
cardiovascular events or the end of the study were used.
In analyses of cardiovascular death or non-fatal myo-
cardial infarction, patients were censored at the actual
dates of revascularization, since the proportional risk
changes considerably with such a procedure. Patients
who died of cancer were excluded from the analyses. In
a second step, ultrasonographic variables that showed
some relationship to coronary events (P<0·1) were
further evaluated with adjustments for factors known
(and verified in the present database) to influence prog-
nosis. These factors were: age, sex, a history of previous
myocardial infarction, diabetes mellitus, hypertension,
smoking habits and lipid status (apolipoprotein A-I for
cardiovascular death or myocardial infarction and apo-
lipoprotein B for revascularization, as these were the
strongest independent predictors, respectively, among
the lipid variables[26]).
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27%, a history of previous myocardial infarction in 14%,
diabetes mellitus in 8%, a previous CABG or PTCA in
6% and intermittent claudication in 4%. Six percent were
treated for congestive heart failure, 44% were ex-
smokers and 21% were active smokers.
Influence of age, height and gender

Male and female patients differed with regard to
intima-media thickness and lumen diameter in both the
carotid and femoral artery (Table 2). The obvious
differences in height and weight between genders
(P<0·001) might explain these findings, but most dif-
ferences remained after adjustment for height (Table
2). Plaques were more common among males com-
pared to females in both the carotid and femoral
arteries. Age was correlated to maximal intima-media
thickness (r=0·33; P<0·001) and mean lumen diameter
(r=0·21; P<0·001) of the carotid artery, as well as to
the maximal intima-media thickness (r=0·23; P<0·001)
and mean lumen diameter (r=0·12; P<0·01) of the
femoral artery. Height was correlated to mean lumen
diameter (r=0·40; P<0·001) but not to maximal
intima-media thickness (r=0·07; P=0·13) of the carotid
artery, and to the maximal intima-media thickness
(r=0·16; P<0·001) and mean lumen diameter (r=0·49;
P<0·001) of the femoral artery. Similar correlations
were found for mean intima-media thicknesses (data
not shown).
Table 1 Deaths and non-fatal cardiovascular events in
subgroup with ultrasonographic data

Carotis Femoralis

Deaths 23 24
Cardiovascular

SD 6 6
Acute MI 10 10
Vascular 2 2

Malignancy 5 6
Non-fatal cardiovascular events 137 146

Acute MI 26 26
CABG 54 55
PTCA 14 15

Angiography, no revascularization 25 28
Unstable angina 5 8
Cerebrovascular disease 11 12
Peripheral vascular disease 2 2

SD=sudden death within 2 h; vascular death=pulmonary
embolus, cerebrovascular death; MI=myocardial infarction;
CABG=coronary artery bypass grafting; PTCA=percutaneous
transluminal coronary angioplasty.
Table 2 Intima-media thickness, lumen diameter and plaques in the carotid and
femoral arteries in male and female patients

Variables Males Females

Carotid artery n=361 n=179

Intima-media thickness
Maximal, mm 0·98�0·33 0·89�0·34***
Mean, mm 0·78�0·26 0·71�0·29***
Mean (height adjusted), mm . m�1 0·44�0·15 0·43�0·18

Lumen diameter
Mean, mm 6·72�0·84 5·84�0·64***
Mean (height adjusted), mm . m�1 3·81�0·48 3·56�0·40***

Plaque occurrence, % 41·7 24·6**
Femoral artery n=362 n=174

Intima-media thickness
Maximal, mm 1·61�0·79 1·22�0·69***
Mean, mm 1·20�0·61 0·88�0·50***
Mean (height adjusted), mm . m�1 0·68�0·34 0·54�0·31***

Lumen diameter
Mean, mm 10·19�1·41 8·74�1·14***
Mean (height adjusted), mm . m�1 5·77�0·77 5·32�0·18***

Plaque occurrence, % 56·4 27·9***

Values are means�standard deviation. **P<0·01; ***P<0·001.
Follow-up

During follow-up, 18 patients suffered a cardiovascular
death. The number of non-fatal cardiovascular events
differed little among patients in whom data from the
carotid and femoral arteries were obtained (Table 1),
due to inadequate visualization in some cases. The
present analyses focus specifically on the risk of suffering
cardiovascular death or myocardial infarction or revas-
cularization in comparison to event-free patients. Analy-
ses regarding other cardiovascular events were not
performed.
Eur Heart J, Vol. 22, issue 1, January 2001
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Plaque occurrence

Among the 540 patients who underwent carotid artery
examinations, 345 patients had no plaques, 130 had
grade 1 plaques, 55 grade 2 plaques and 10 grade 3
plaques (Fig. 1). Plaques were located entirely or partly
in the common carotid artery and bifurcation area in
95% of the patients. Eight patients were excluded from
assessments of plaques in the femoral artery. Thus, 279
of the 528 evaluable patients had no plaques, 101 had
grade 1 plaques, 147 grade 2 plaques and only one had
grade 3 plaques (Fig. 1). Of these, 60% were located
proximal to the bifurcation site. The presence of
plaques in the carotid artery was weakly associated
with plaques in the femoral artery; plaques were found
only in the carotid artery in 68 patients and only in the
femoral artery in 127 patients, whereas 208 patients
(39·5%) had no plaque in either the carotid or the
femoral artery.
Eur Heart J, Vol. 22, issue 1, January 2001
Influence of clinical risk indicators

Patients with histories of previous cardiovascular disease
were compared with those without, and smokers were
compared to non-smokers (Table 3). These analyses
were restricted to male patients in order to avoid con-
founding by gender related differences (see above). Hy-
pertensives had a greater mean carotid artery lumen
diameter (P<0·05) and intima-media thickness
(P<0·05), and greater lumen diameter of the femoral
artery (P<0·05), than patients without hypertension.
Smokers had greater intima-media thickness of both the
carotid (P<0·05) and femoral (P<0·001) artery, and
greater mean lumen diameter (P<0·001) in the carotid
artery, than non-smokers. They more often had plaques
in the carotid (P<0·05) and femoral (P<0·001) arteries
than non-smokers. Patients with a previous myocardial
infarction had a greater mean lumen of the carotid
artery (P<0·01) and more often plaques in the femoral
artery than patients without a previous myocardial
infarction. Among diabetics, however, no increases were
observed for lumen diameter or intima-media thickness
of the carotid artery. They had a thinner femoral
intima-media thickness than non-diabetics, but no other
differences.
Carotid artery

No plaques
63·9%

Grade 3
1·9%

Grade 2
10·2%

Grade 1
24·1%

Femoral artery

No plaques
52·8%

Grade 3
0·2%

Grade 2
27·8%

Grade 1
19·1%

Figure 1 Occurrence of plaques (percent) grades 0–3 in
the carotid and femoral artery, respectively.
Intima-media thickness and lumen diameters
in patients with different outcomes

Patients suffering cardiovascular death or myocardial
infarction had greater maximal and mean intima-media
thickness of the carotid (P<0·05) and femoral (P<0·01)
artery than event-free patients (Table 4). In addition,
their lumen diameters were greater in both the carotid
(P<0·001) and femoral (P<0·01) arteries, compared
with event-free patients. Patients who subsequently un-
derwent CABG or PTCA had greater maximal and
mean intima-media thickness of the femoral artery
(P<0·001), but not of the carotid artery, and a greater
mean lumen diameter of the carotid artery (P<0·05), but
not of the femoral artery than event-free patients.
Prognostic evaluation of intima-media
thickness and lumen diameter

Univariate analyses
Cox proportional hazards regression analyses showed a
significant relationship between maximal carotid intima-
media thickness, as a continuous variable, and cardio-
vascular death or myocardial infarction (P<0·01), but
not to the risk of revascularization. However, the in-
crease in risk with increasing intima-media thickness was
relatively small and not significant when divided into
tertiles (Table 5). Kaplan–Meier curves are shown for
intima-media thickness, separated into tertiles (Fig. 2).
Femoral maximal intima-media thickness was more
clearly related to the risk of cardiovascular death or
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myocardial infarction (P<0·05) and to the risk of
revascularization (P<0·001) (Fig. 3). Mean carotid
lumen diameter (P<0·01) and femoral lumen diameters
(P<0·05) were significantly related to the risk of cardio-
vascular death or myocardial infarction, but not to the
risk of revascularization.

Adjusted analyses
The importance of intima-media thickness and lumen
diameter of the carotid and femoral arteries for cardio-
vascular outcome was also evaluated with a Cox pro-
portional hazards regression model after adjustment for
known risk factors, i.e. a history of previous myocardial
infarction, hypertension, diabetes mellitus, smoking
habits and lipid status (apolipoprotein A-I or B).
As ex-smokers had the best prognosis, followed by
non-smokers, we combined these versus current smokers
in the adjustment for smoking habits. Age and sex were
also included in the model as they were signifi-
cantly related to both intima-media thickness and lumen
diameter.

The influence of the carotid and femoral artery
intima-media thickness on the risk of cardiovascular
death or myocardial infarction, or revascularization, are
shown in Table 5. After adjustment for all above factors,
intima-media thickness of the carotid or femoral artery
was not related to the risk of cardiovascular death or
myocardial infarction. However, both maximal and
mean intima-media thickness of the femoral artery
independently predicted revascularization during
follow-up (P<0·001), whereas intima-media thickness of
the carotid artery did not. Increased lumen diameter of
Table 3 Intima-media thickness, lumen diameter and presence of plaques in the carotid and femoral artery in relation
to previous history of cardiovascular disease and smoking habits in male patients

Variables

Carotid artery Femoral artery

Lumen mean diameter
(mm)

IMT mean thickness
(mm)

Plaques,
%

Lumen mean diameter
(mm)

IMT mean thickness
(mm)

Plaques,
%

Hypertension (+) 6·57�0·93* 0·81�0·26* 45·1 9·94�1·57* 1·25�0·65 59·4
Hypertension (�) 6·37�0·86 0·75�0·25 40·4 9·64�1·46 1·18�0·60 55·3
Previous MI (+) 6·71�0·93** 0·72�0·21 43·1 9·70�1·65 1·24�0·56 71·0**
Previous MI (�) 6·38�0·86 0·78�0·26 41·7 9·71�1·47 1·19�0·62 53·9
Previous DM (+) 6·66�0·83 0·84�0·37 51·5 9·61�1·06 1·01�0·55* 56·3
Previous DM (�) 6·41�0·88 0·76�0·24 40·7 9·73�1·53 1·22�0·62 56·4
Smoker 6·66�0·98*** 0·83�0·28* 50·5* 9·79�1·72 1·34�0·63*** 71·1***
Non-smoker 6·20�0·75 0·74�0·27 39·4 9·59�1·42 1·03�0·53 39·3

Values are means � standard deviation.
*P<0·05; **P<0·01; ***P<0·001 denotes differences between groups with presence or absence of disease, or smoking habits.
MI=myocardial infarction; DM=diabetes mellitus; IMT=intima-media thickness.
Table 4 Intima-media thickness and lumen diameter in the carotid and femoral
arteries in patients with and without cardiovascular events

Variables Event-free CV death or MI CABG or PTCA

Carotid artery n=380 n=44 n=68

Intima-media thickness, mm
Maximal 0·93�0·32 1·07�0·52* 0·95�0·26
Mean 0·74�0·26 0·84�0·40* 0·75�0·22

Lumen diameter, mm
Mean 6·35�0·85 6·85�0·77*** 6·62�0·84†

Femoral artery n=375 n=42 n=70

Intima-media thickness, mm
Maximal 1·37�0·76 1·69�0·72** 1·76�0·80†††
Mean 1·01�0·58 1·27�0·56** 1·31�0·59†††

Lumen diameter, mm
Mean 9·70�1·46 10·35�1·56** 9·71�1·30

Values are means�SD.
CV=cardiovascular; MI=myocardial infarction; CABG=coronary artery bypass grafting;
PTCA=percutaneous transluminal coronary angioplasty.
*P<0·05; **P<0·01; ***P<0·001 for CV death or non-fatal MI vs event-free patients.
†P<0·05; ††P<0·01; †††P<0·01 for CABG or PTCA vs event-free patients.
Eur Heart J, Vol. 22, issue 1, January 2001
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either artery was not related to prognosis; there was an
inverse relationship between the femoral lumen diameter
and the risk of revascularization after adjustment.
Eur Heart J, Vol. 22, issue 1, January 2001
Discussion

The present study of patients with stable angina
pectoris shows that carotid intima-media thickness and
plaques were related to increased risk of cardiovascular
death or myocardial infarction in univariate Cox regres-
sion analyses. Femoral intima-media thickness was
related to both cardiovascular death or myocardial
infarction and the risk of revascularization, whereas
plaques were only related to the latter. In multivariate
analyses, i.e. after adjustments for age, sex, lipids,
smoking and previous cardiovascular disease, carotid
intima-media thickness failed to predict any cardio-
vascular event, whereas carotid plaques tended to
Table 5 Ultrasonographic variables in the carotid and femoral arteries and relation to the risk of cardiovascular death
or non-fatal myocardial infarction or revascularization: results from unadjusted and multivariate analyses

CV death or MI
Relative risk (95% confidence interval)

Revascularization
Relative risk (95% confidence interval)

Unadjusted Adjusted Unadjusted Adjusted

Carotid artery
Maximal IMT

<0·81 mm 1·00 1·00 1·00 1·00
0·81–1·02 mm 0·86 [0·39–1·93] 0·62 [0·27–1·45] 1·20 [0·65–2·22] 1·06 [0·56–2·02]
>1·02 mm 1·41 [0·70–2·85] 0·78 [0·36–1·70] 1·35 [0·75–2·45] 1·07 [0·56–2·04]

No plaque 1·00 1·00 1·00 1·00
Plaque grade 1 2·59 [1·29–5·20]** 2·00 [0·97–4·12] 1·49 [0·85–2·58] 1·13 [0·63–2·03]
Plaque grade 2–3 3·38 [1·47–7·76]** 1·85 [0·77–4·46] 1·54 [0·73–3·24] 1·36 [0·62–2·98]
Plaque; any type 2·73 [1·45–5·11]** 1·83 [0·96–3·51] 1·44 [0·88–2·37] 1·17 [0·70–1·96]

Femoral artery
Maximal IMT

<1·00 mm 1·00 1·00 1·00 1·00
1·00–1·69 mm 2·12 [0·85–5·29] 1·54 [0·60–3·96] 1·62 [0·80–3·28] 1·47 [0·72–3·03]
>1·69 mm 3·31 [1·37–7·98]** 1·98 [0·76–5·16] 3·11 [1·63–5·93]*** 2·58 [1·30–5·11]**

Plaque grade 0 1·00 1·00 1·00 1·00
Plaque grade 1 1·73 [0·80–3·71] 1·07 [0·48–2·37] 1·81 [0·91–3·59] 1·53 [0·76–3·08]
Plaque grade 2–3 1·56 [0·75–3·23] 0·71 [0·32–1·59] 2·71 [1·54–4·78]*** 2·29 [1·23–4·25]**
Plaque; any type 1·63 [0·87–3·05] 0·86 [0·43–1·71] 2·33 [1·38–3·94]** 1·93 [1·10–3·39]*

Analyses with and without adjustments for age, sex, smoking, previous MI, hypertension, diabetes mellitus and apolipoproteins (A-I, B).
CV=cardiovascular; MI=myocardial infarction; IMT=intima-media thickness.
*P<0·05; **P<0·01; ***P<0·001, refers to comparisons to the lowest tertile of IMT or no occurrence of plaques.
Plaque occurrence

Plaques (grades 1–3) in the carotid artery were almost
twice as common among patients with subsequent
cardiovascular death or myocardial infarction as among
event-free patients (P<0·001), and tended to be more
frequent among those who were revascularized (P=0·05)
(Fig. 4). Femoral artery plaques tended to be more
common among those suffering cardiovascular death or
myocardial infarction (P=0·06), but were significantly
more common among patients who were revascularized
(P<0·001), than among event-free patients (Fig. 4).
Unadjusted Cox proportional hazards regression analy-
ses showed that carotid artery plaques predicted the risk
of cardiovascular death or myocardial infarction
(P<0·01), but not the risk of revascularization. Con-
versely, femoral artery plaques predicted the risk of
revascularization (P<0·01), but not the risk of cardio-
vascular death or myocardial infarction.

After adjustment for risk factors, carotid artery
plaques (grades 1–3) tended to predict the risk of
cardiovascular death or myocardial infarction
(P=0·056) but not of revascularization in the Cox
proportional hazards analysis. Conversely, femoral ar-
tery plaques (grades 1–3) were positively related to the
risk of a subsequent revascularization (P<0·05) but not
to the risk of cardiovascular death or myocardial infarc-
tion, also after adjustment for risk factors. The relative
risks are shown in Table 5. The prognostic impact of
more advanced plaques (grade 2 or 3) was analysed
separately. Such plaques in the femoral artery were
predictive of the risk of revascularization (P<0·01) but
not of cardiovascular death or myocardial infarction.
However, plaques of grade 2 or 3 in the carotid artery
were significantly related to the risk of cardiovascular
death or myocardial infarction only in the unadjusted
analysis.

A low-risk group, without plaques in either artery,
could be identified. Figure 5 shows Kaplan–Meier
curves for the risk of cardiovascular death or myocardial
infarction (P<0·05), and the risk of revascularization
(P<0·001), in relation to the presence of plaques in
either the carotid or femoral artery.
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predict the risk of cardiovascular death or myocardial
infarction. Femoral intima-media thickness and occur-
rence of plaques, however, were related to the risk of
revascularization also after adjustments. It is of interest
that carotid and femoral vascular changes were differ-
ently related to the type of cardiovascular event. Carotid
intima-media thickness was a weak predictor of events,
whereas femoral intima-media thickness predicted
revascularization. Plaques in the carotid artery tended to
predict the risk of cardiovascular death or myocardial
infarction, i.e. acute coronary events, whereas plaques
in the femoral artery clearly predicted the risk of
revascularization.

Little has been published regarding the prognostic
impact of vascular changes in peripheral arteries in
patients with coronary artery disease. Salonen and
Salonen[15] found that plaques in the carotid artery
predicted the risk of acute myocardial infarction better
than carotid intima-media thickness in 1288 healthy men
in an analysis based on 24 events. A later re-analysis
with more events (n=36) showed significant prediction
of the risk of fatal or non-fatal myocardial infarction by
carotid intima-media thickness, but that plaques still
were more strongly related to events than intima-media
thickness[27]. Even though our analyses are based on a
larger number of events, in a cohort of patients with
stable angina pectoris, we found no independent rela-
tionship between carotid intima-media thickness and
any type of cardiovascular event, whereas carotid
plaques were related to the risk of cardiovascular death
or myocardial infarction. The risk increased with the
severity of plaques in the unadjusted analysis only, in
contrast to the findings by Salonen and Salonen[27].
However, carotid plaques did not predict the risk of
revascularization. Such events were not reported in the
previous study[15,27]. In a recent, large prospective study
of patients without a history of cardiovascular disease
by O’Leary et al.[17], carotid intima-media thickness was
found to be an independent predictor of both myo-
cardial infarction and stroke. These subjects however,
were on average 13 years older and had a higher
prevalence of diabetes than our patients. The ultrasono-
graphic methods differed, as O’Leary et al. used the
means of the near and far wall of the common and
internal carotid artery. The Rotterdam study[28], on
disease and disability in the elderly, also found associ-
ations between common carotid intima-media thickness
and the risk of myocardial infarction and stroke. When
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Figure 2 Kaplan–Meier curves illustrating the likelihood
of remaining without cardiovascular death or non-fatal
myocardial infarction (a), or without revascularization (b)
in relation to mean intima-media thickness (IMT) of the
carotid artery divided into tertiles. ——=Carotid artery
IMT <0·81 mm, · · ·=IMT of 0·81–1·02 mm, – – –=IMT
>1·02 mm. Cox analyses showed no significant prediction
for this variable.
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Figure 3 Kaplan–Meier curves for the likelihood of
remaining without cardiovascular death or non-fatal myo-
cardial infarction (MI) (a), or without revascularization
(b) in relation to mean intima-media thickness (IMT) of
the femoral artery divided into tertiles. ——=Femoral
artery IMT <1·00 mm, · · ·=IMT of 1·00–1·69 mm, – – –
=IMT >1·69 mm. Cox analyses showed significant
prediction of the risk of revascularization (P<0·01).
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adjusting for several cardiovascular risk factors,
however, these associations were significantly
attenuated, as was also the case in our study.

Conflicting results have been presented for correlation
between carotid intima-media thickness and coronary
atherosclerosis on angiography. One study[13] found a
strong relationship, whereas another study[12] concluded
that carotid intima-media thickness was only weakly
correlated to the extent and severity of coronary artery
disease. Macroscopically visible carotid atherosclerosis
was, however, related to coronary atherosclerosis[9,10].
Taken together, these studies suggest that intima-media
Eur Heart J, Vol. 22, issue 1, January 2001
thickness is a less sensitive surrogate variable for the risk
of coronary events than the presence of plaques in the
common carotid artery. However, in patients without
known coronary artery disease, the prevalence of
plaques is much smaller, so that intima-media thickness
may be a more useful predictor of risk.

The prognostic importance of femoral vascular
changes for the risk of coronary events has, to our
knowledge, not previously been studied. We found that
intima-media thickness in the femoral artery was signifi-
cantly related to the risk of revascularization, both in
unadjusted and adjusted analyses, but not to the risk
of cardiovascular death or myocardial infarction. In
addition, the occurrence of plaques in the femoral
artery predicted the risk of revascularization. This risk
increased in proportion to the severity of the plaques,
and was more than doubled among patients with the
most severe plaques, compared with patients without.

It is interesting to note that carotid and femoral
vascular changes predicted different outcomes, i.e. acute
cardiac events compared with revascularization differ-
ently. Cardiovascular death or myocardial infarction are
closely related to plaque rupture and thrombosis, and
there is increasing evidence that coronary plaques with
less severe angiographic stenosis are more prone to
progression/rupture than severely stenotic lesions[29]. In
0
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Figure 4 Frequencies of plaques (grades 1–3) in the
carotid and femoral arteries among patients suffering
cardiovascular death or non-fatal myocardial infarction
combined ( , revascularization ( ) and event-free patients
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igure 5 Kaplan–Meier curves for the likelihood of
emaining without cardiovascular death or non-fatal myo-
ardial infarction (a), or without revascularization (b) in
elation to presence (——) or absence (· · ·) of plaques
n either the carotid or femoral arteries. P<0·005 for
a) and <0·001 for (b).



Intima-media thickness in stable angina pectoris 71
contrast, revascularization is usually brought about by a
slowly growing stenotic lesion, resulting in occlusive
symptoms. Thus, the need for revascularization prob-
ably reflects the rate of progression of the atherosclerotic
disease. Our findings may suggest that carotid plaques
reflect vulnerable coronary lesions, whereas femoral
vascular changes (intima-media thickness and plaques)
reflect the slow progression of coronary atherosclerosis.
Different rheological conditions in the carotid and
femoral arteries may contribute to the differences
presently observed. Salonen and Salonen reported
that smoking and fibrinogen were more strongly
related to femoral than to carotid intima-media thicken-
ing[27]. However, they did not analyse the prognostic
implications of femoral vascular changes.

Increased carotid and femoral artery lumen diameter
were associated with a higher incidence of cardio-
vascular death or myocardial infarction in univariate
analyses, but not after adjustment for age, sex and
height. However, an inverse relationship was observed
for femoral mean lumen diameter versus the risk of
revascularization. Results from patho-anatomic
studies[19,20] have suggested that vessel enlargement may
be a compensatory response in early stages of coronary
atherosclerosis. Similarly, lumen diameter is related to
the presence and extent of plaques in the carotid artery,
as assessed by ultrasonography[22]. Males had greater
lumen diameters than females, in agreement with pre-
vious findings[30]. This may explain why lumen diameter
did not carry any prognostic information in the multi-
variate analysis, since the incidence of cardiovascular
events was strongly related to sex. Thus, adjustments for
sex and/or height should be performed when prognostic
aspects of carotid and femoral lumen diameter are
evaluated in patients of both sexes.

We did not find a consistent pattern for clinical risk
indicators and intima-media thickness of the carotid
and femoral arteries or the presence of plaques in male
patients. Hypertensives had a greater intima-media
thickness in the carotid artery than normotensives,
similar to other findings[2], but at variance with the
study of Salonen and Salonen[27]. Smokers had greater
carotid and femoral artery intima-media thickness, in
agreement with previous findings[27,31], and more
plaques than non-smokers. However, a history of pre-
vious myocardial infarction was not related to carotid
intima-media thickness or plaque occurrence, in con-
trast to previous findings[32]. Surprisingly, neither
carotid intima-media thickness nor plaques were
increased among patients with diabetes mellitus, in
contrast to other findings[33], and femoral intima-media
thickness was even greater in non-diabetics than
among diabetics. However, the non-diabetics tended
to be older and they were more often current or
ex-smokers than the diabetics.

Patients in the APSIS study were treated with lipid-
lowering drugs at the discretion of the investigator. The
use of lipid-lowering drugs was low (6%) at the begin-
ning and increased slowly during follow-up. It is unlikely
that statins influenced the outcome in our study, since
follow-up ended in December 1994, only a few months
after the 4S study was published[34].

In conclusion, the present analyses suggest that
carotid and femoral vascular changes have prognostic
implications, but are differently related to the type of
cardiovascular event in patients with stable angina
pectoris. Increased intima-media thickness and plaques
in the femoral artery were the best predictors of the risk
of a revascularization, whereas plaques in the carotid
artery tended to predict cardiovascular death or myo-
cardial infarction. Carotid intima-media thickness is the
most commonly used surrogate variable for athero-
sclerosis, but was only a weak predictor of events in the
present study. Evaluation of plaques in the carotid or
femoral arteries appears to provide the best prediction
of cardiovascular prognosis in patients with stable
angina pectoris.
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