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Relation between heart rate, heart rhythm, and reverse
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patients with chronic heart failure: a single centre,
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Objective: To determine whether the process of reverse left ventricular remodelling in response to
carvedilol is dependent on baseline heart rate (BHR), heart rhythm, or heart rate reduction (HRR) in
response to carvedilol.
Design: Retrospective analysis of serial echocardiograms in 257 patients with chronic systolic heart
failure at baseline and at 12–18 months after starting carvedilol. Reverse left ventricular remodelling
was determined by changes in left ventricular end diastolic dimension (LVEDD), end systolic dimension
(LVESD), and fractional shortening (LVFS).
Setting: Heart failure clinic within a university teaching hospital.
Main outcome measures: Changes in LVEDD, LVESD, and LVFS.
Results: LVEDD and LVESD decreased by 2.6 (0.4) mm and 4.9 (0.5) mm, respectively (mean (SEM)),
and LVFS increased by 4.3 (0.5)% (all p < 0.0001 v baseline). Simple regression revealed no signifi-
cant relation between BHR or HRR and the changes in LVEDD, LVESD, or LVFS. Stratification of patients
into high and low BHR groups (above and below the mean) or according to the baseline heart rhythm
(sinus rhythm v atrial fibrillation) showed no differences between groups in the extent of reverse left
ventricular remodelling. Improvements in left ventricular function and dimensions were associated with
significant improvements in New York Heart Association functional class.
Conclusions: The benefits of carvedilol in terms of reverse left ventricular remodelling and symptomatic
improvement in patients with chronic heart failure are independent of BHR, heart rhythm, and the HRR
that occurs in response to carvedilol.

The importance of baseline heart rate (BHR) and treatment
induced heart rate reduction (HRR) as predictors of the
response to β blockers in chronic heart failure is

controversial. Some investigators have reported that the BHR
is predictive of symptomatic improvement1 and improvement
in left ventricular function in response to β blockade,2 while
others have found no such relations.3–5 Post hoc stratification
of patients in the US carvedilol heart failure programme6 into
groups above and below the mean BHR showed that the mor-
tality benefit of carvedilol compared with placebo was only
significant in the group with a high BHR. Recently, the CIBIS
II (cardiac insufficiency bisoprolol study) investigators7

confirmed that BHR was an independent predictor of
mortality in patients with chronic heart failure. The benefit of
bisoprolol in terms of survival and the need for hospital
admission was, however, independent of the BHR and the
HRR that occurred during the first two months of bisoprolol
treatment.7 In addition, these investigator reported that the
beneficial response to bisoprolol was observed only in patients
in sinus rhythm and not in those with atrial fibrillation. They
suggested that baseline heart rhythm rather than heart rate
may be an important determinant of the response to β blocker
treatment in heart failure.

In order to investigate further the importance of BHR,
cardiac rhythm, and HRR in determining the response to
β blocker treatment in chronic heart failure, we analysed the
relation between these variables and echocardiographic left
ventricular remodelling in response to carvedilol in a large
consecutive cohort of patients attending a heart failure clinic.

METHODS
Study population
The study population was derived from 429 consecutive
patients who were started on carvedilol for chronic systolic
heart failure at our institution and who had been followed for
at least 12 months thereafter. All patients had been receiving
treatment for heart failure for at least three months before
starting carvedilol. One hundred and six patients (25%) were
withdrawn from carvedilol treatment within the first 12
months because of death (32), heart transplantation (28), or
other serious adverse events (46). Another 66 patients were
excluded from the echocardiographic analysis: 52 (12%) had
technically unsatisfactory echocardiographic studies, and 14
(3%) did not undergo a second scan. Reverse left ventricular
remodelling was assessed in the remaining 257 patients (60%)
who underwent serial echocardiograms at baseline and
between 12–18 months after starting carvedilol.

Carvedilol administration
Carvedilol was begun at a dose of 3.125 mg twice daily and
was force titrated, at two weekly intervals, to a target dose of
25 mg twice daily for body weight < 85 kg, or 50 mg twice
daily for body weight > 85 kg, as tolerated.
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Assessment and follow up
All patients were assessed clinically at baseline and at three,
six, and 12 months, and then at six monthly intervals. Clinical
status was assessed at each visit, including evaluation of New
York Heart Association (NYHA) functional class, resting heart
rate and rhythm, blood pressure, and cardiac examination.
Echocardiograms were done at baseline and at the 12 or 18
month visits. Reverse left ventricular remodelling was
determined by measuring the changes in left ventricular end
diastolic dimension (LVEDD), left ventricular end systolic
dimension (LVESD), and left ventricular fractional shortening
(LVFS) between the baseline and follow up echocardiograms.
Measurements of left ventricular dimensions and calculation
of fractional shortening were made using cross sectionally
guided M mode echocardiography according to the American

Society of Echocardiography standards,8 as described
previously.9 10 Measurements were made from the average of
three cardiac cycles for patients in sinus rhythm and from an
average of 10 cycles for patients in atrial fibrillation. All meas-
urements were made by one of two technicians who were
blinded to the treatment status of the patient.

Statistical analysis
Data are presented as mean (SEM). Baseline demographic
data were compared using either factorial analysis of variance
or χ2 analyses for multiple groups (table 1), and unpaired t
tests or χ2 analyses for high and low BHR groups (table 2). The
Bonferroni correction was used to adjust for multiple
comparisons. The relation between reverse left ventricular
remodelling and BHR was examined by treating BHR as both

Table 1 Baseline characteristics of all patients started on carvedilol

Withdrawn patients
(n=106)

Excluded patients
(n=66)

Included patients
(n=257)

Mean age (years) 60 61 57
Sex (male:female) (%) 85:15 93:7 86:14
Diagnosis: IHD/CM/other (%) 37/56/7 39/53/8 30/65/5****
Duration of heart failure (months) 40 37 45
Atrial fibrillation (%) 16 24 18
Heart rate (beats/min) 80 81 82
Systolic blood pressure (mm Hg) 110 119 114
Serum sodium (mmol/l) 138 138 138
Serum creatinine (mmol/l) 0.13 0.12 0.12
6 min walk distance (m) 395† 472 447
NYHA class: I/II/III/IV (%) 1/11/53/37*** 2/21/61/16 6/26/48/20
Drugs (%)

ACE inhibitors 94 98 97
Diuretics 96 92 90
Digoxin 79 77 76
Amiodarone 41 52 32

Echocardiographic variables
LVEDD (mm) 72 74 73
LVESD (mm) 61 62 63
LVFS (%) 15 17 15

***p < 0.001 v other groups; ****p < 0.0001 v other groups.
ACE, angiotensin converting enzyme; CM, cardiomyopathy; IHD, ischaemic heart disease; LVEDD, left
ventricular end diastolic dimension; LVESD, left ventricular end systolic dimension; LVFS, left ventricular
fractional shortening; NYHA, New York Heart Association.

Table 2 Baseline characteristics of patients included in echocardiographic analysis
stratified into groups above and below the mean baseline heart rate of 82 beats/min

Variable High BHR (n=123) Low BHR (n=134) p Value

Age (years) 56 (1) 58 (1) 0.18
Sex (male:female) (%) 83:17 88:12 0.22
Diagnosis: IHD/CM/other (%) 29/67/4 31/62/7 0.63
Duration of heart failure (months) 43 (4) 47 (4) 0.45
Atrial fibrillation (%) 13 23 0.17
Heart rate (beats/min) 93 (1) 72 (1) <0.0001
Systolic blood pressure (mm Hg) 113 (3) 114 (2) 0.78
Serum sodium (mmol/l) 138 (1) 138 (1) 0.56
Serum creatinine (mmol/l) 0.125 (0.010) 0.114 (0.003) 0.29
6 min walk distance (m) 433 (12) 460 (11) 0.11
NYHA class: I/II/III/IV (%) 7/23/46/24 4/29/51/16 0.23
Drug treatment (%)

ACE inhibitors 96 98 0.41
Diuretics 89 90 0.86
Digoxin 72 79 0.19
Amiodarone 26 37 0.07

Echocardiographic variables
LVEDD (mm) 73 (1) 74 (1) 0.56
LVESD (mm) 63 (1) 63 (1) 0.94
LVFS (%) 14 (1) 15 (1) 0.10

Values are % or mean (SEM).
ACE, angiotensin converting enzyme; BHR, baseline heart rate; CM, cardiomyopathy; IHD, ischaemic heart
disease; LVEDD, left ventricular end diastolic dimension; LVESD, left ventricular end systolic dimension; LVFS,
left ventricular fractional shortening; NYHA, New York Heart Association.
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a continuous variable and a categorical variable, in the latter
case by dividing patients into two groups above and below the
mean BHR. Changes in left ventricular size and function in
relation to BHR were compared using simple regression for
continuous variables and by unpaired t tests for comparisons
between categorical variables. The heart rate reduction in
response to carvedilol (HRR) was determined by subtracting
the resting heart rate measured at the time of follow up echo-
cardiography from the baseline heart rate. The relation
between changes in left ventricular size and function and HRR
was examined by simple regression. A probability value of
p < 0.05 with Bonferroni correction was considered signifi-
cant.

RESULTS
Patient population
The baseline characteristics of the 429 patients who were
started on carvedilol are summarised in table 1. Patients were
divided into three groups: those withdrawn from carvedilol
within the first 12 months (106), those excluded from the
echocardiographic analysis owing to inadequate or missing
scans (66), and those included in the echocardiographic
analysis (257). Patients included in the echocardiographic
analysis were more likely to have non-ischaemic dilated

cardiomyopathy as the cause of their heart failure than those
in the other two groups. Patients withdrawn from carvedilol
within the first 12 months were more likely to be in NYHA
functional class IV at baseline. In addition, their mean six
minute walk distance was significantly lower than in the other
groups. Overall, 19% of patients were in atrial fibrillation at
baseline, with no significant difference across the three
groups.

The 257 patients included in the echocardiographic analysis
were divided into two groups above and below the mean BHR
of 82 beats/min. There were no significant baseline differences
between these two groups in terms of diagnosis, functional
status, concomitant drug treatment, or echocardiographic
indices (table 2). There were trends towards a higher
prevalence of atrial fibrillation and greater use of amiodarone
in the low BHR group, but these did not reach significance.

Forty five of the 257 patients (18%) were in atrial fibrillation
at the start of carvedilol treatment. They were significantly
older than patients in sinus rhythm (63 (1) v 56 (1) years,
p < 0.001) and were more likely to have valvar or ischaemic
heart disease as the antecedent cardiac diagnosis. Patients in
atrial fibrillation had a lower baseline heart rate than those in
sinus rhythm (79 (2) v 83 (1) beats/min, p < 0.05). The
proportions of patients in atrial fibrillation who were receiving
digoxin and amiodarone at the start of carvedilol treatment
were higher than the corresponding proportions of patients in
sinus rhythm (89% v 74% receiving digoxin, p < 0.05; 51% v
28% receiving amiodarone, p < 0.001).

Maintenance carvedilol dose and changes in vital signs
The mean maintenance dose of carvedilol at the time of follow
up echocardiography was 39 (1) mg/day. The maintenance
dose was similar in the high and low BHR groups, at 40 (2) v
38 (2) mg/day (not significant (NS)). HRR during carvedilol
treatment is shown in fig 1A. Heart rate fell by a mean of 12
(1) beats/min (p < 0.0001 v baseline). There was a highly sig-
nificant correlation between BHR and HRR (fig 1A), such that
the higher the BHR the greater the HRR at 12 months. The
HRR during carvedilol treatment was significant in both high
and low BHR groups, but was much greater in the high BHR
group: 20 (1) v 5 (1) beats/min (p < 0.0001, high BHR v low
BHR) (fig 1B). In spite of this, the mean heart rate at follow up
remained significantly lower in the low BHR group, at 67 (1) v
72 (1) beats/min (p = 0.001). There was a small, non-
significant change in resting recumbent systolic blood
pressure during carvedilol treatment (data not shown).

The mean maintenance dose of carvedilol at the time of fol-
low up echocardiography was similar in patients in atrial

Figure 1 Relation between heart rate reduction, baseline heart
rate, and heart rhythm. (A) Linear regression plot of heart rate
change after 12 months of carvedilol v baseline heart rate (BHR). (B)
and (C) Mean heart rate (with standard error bars) measured at
baseline (HR B) and after 12 months of carvedilol (HR 12), stratified
according to high and low BHR groups (B) and according to
baseline rhythm (C). AF, atrial fibrillation; SR, sinus rhythm.
***p < 0.001 v baseline; ****p < 0.0001 v baseline.
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Table 3 Regression coefficients with corresponding
probability values for regression analyses between
changes in echocardiographic variables plotted
against baseline heart rate or heart rate reduction

Echocardiographic
variable

Sinus rhythm
(n=212)

Atrial fibrillation
(n=45)

IRI p Value IRI p Value

Baseline heart rate
Change in LVEDD 0.156 0.03 0.198 0.22
Change in LVESD 0.051 0.48 0.032 0.84
Change in LVFS 0.096 0.19 0.254 0.12

Heart rate reduction
Change in LVEDD 0.062 0.42 0.041 0.81
Change in LVESD 0.093 0.23 0.152 0.37
Change in LVFS 0.056 0.46 0.258 0.12

Applying a Bonferroni correction, a p value of < 0.004 was
considered significant.
IRI, regression coefficient; LVEDD, left ventricular end diastolic
dimension; LVESD, left ventricular end systolic dimension; LVFS, left
ventricular fractional shortening.
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fibrillation (38 (4) mg/day) and in sinus rhythm (39
(1) mg/day). Mean heart rate fell by 10 (2) beats/min in
response to carvedilol in patients with atrial fibrillation
(p < 0.001 v baseline) and by 13 (1) beats/min in patients in
sinus rhythm (p < 0.0001 v baseline; NS compared with
patients in atrial fibrillation) (fig 1C).

Reverse left ventricular remodelling: echocardiographic
changes in relation to BHR, HRR, and heart rhythm
There were highly significant falls in LVEDD and LVESD over
12–18 months in response to carvedilol. LVEDD fell by a mean

of 2.6 (0.4) mm (p < 0.0001 v baseline) and LVESD fell by 4.9
(0.5) mm (p < 0.0001 v baseline). LVFS rose by 4.3 (0.5)%
(p < 0.0001 v baseline). These changes in echocardiographic
variables occurred independently of BHR and HRR. Simple
regression analyses showed no significant association be-
tween changes in echocardiographic variables (dependent
variables) and baseline heart rate or heart rate reduction
(independent variables), irrespective of whether the patient
was in sinus rhythm (n = 212) or atrial fibrillation (n = 45).
The regression coefficients with corresponding p values for
these analyses are given in table 3. Figure 2 shows illustrative
scatter plots for the change in LVESD plotted against BHR (fig
2A) and HRR (fig 2B). Figure 3 illustrates the mean changes in
these same echocardiographic indices expressed as a categori-
cal variable. Left ventricular dimensions (fig 3A) and
fractional shortening (fig 3B) improved significantly over time
in both high and low BHR groups, but there were no
differences between the two groups. Separate stratification of
patients into two groups with a BHR< 70 beats/min (n = 55)
or > 70 beats/min (n = 202) also failed to reveal any
differences in the degree of reverse left ventricular remodel-
ling between the groups (data not shown). Similarly,
stratification of patients into two groups according to the
baseline rhythm (sinus rhythm (n = 212) v atrial fibrillation
(n = 45)) showed no significant differences between the
groups with regard to changes in LVEDD, LVESD (fig 3C), or
LVFS (fig 3D).

Clinical outcome
One hundred and six of the 429 patients (25%) were
withdrawn from carvedilol within the first 12 months. The
reasons for withdrawal were death in 32 patients (7%), heart
transplantation in 28 (7%), and serious adverse events in 46
(11%). Symptomatic bradycardia was reported by 13 patients
(3%) and led to withdrawal of carvedilol in seven (2%) Two of
these patients had a BHR above the group mean and five had
a BHR below the mean (NS). The BHR of patients withdrawn
because of bradycardia was 73 (4) beats/min, compared with
82 (1) beats/min for the remainder of the study population
(p = 0.10).

Of the 257 patients included in the echocardiographic
analysis, 52% were assessed as being in a better NYHA class at
the time of follow up echocardiography, 45% were unchanged,

Figure 2 Scatterplots showing the relations between changes in
LVESD and baseline heart rate (A) and heart rate reduction (B). No
significant associations were identified for any of the plotted
variables. AF, atrial fibrillation; LVESD, left ventricular end systolic
dimension; SR, sinus rhythm.
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Figure 3 Histograms showing
changes in values of
echocardiographic variables between
baseline and follow up
echocardiograms, stratified into high
and low baseline heart rate (BHR)
groups (panels A and B) and into
atrial fibrillation (AF) and sinus
rhythm (SR) groups (panels C and D).
Data are plotted as means with
standard errors. AF, atrial fibrillation;
LVESD, left ventricular end systolic
dimension; SR, sinus rhythm.
*p < 0.1 v baseline; ***p < 0.005 v
baseline; ****p < 0.0001 v
baseline. There were no significant
differences between groups for any of
the measured variables.
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and only 3% were assessed as being in a worse class
(p < 0.0001 v baseline). Patients whose NYHA class improved
had significantly greater improvements in LVESD and LVFS
than those whose NYHA class was unchanged or worse (table
4). Stratification of patients into low and high BHR groups
revealed no significant differences in clinical outcome (table
5), nor did stratification according to baseline cardiac rhythm
(table 5).

DISCUSSION
Relation between BHR, HRR, and response to drug
treatment in chronic heart failure
BHR has been reported to be an important determinant of the
response to enalapril11 and amiodarone12 in patients with
severe heart failure. In both studies, the benefit of these drugs
in terms of survival was confined to patients with a raised
BHR11 12 and was associated with a significant HRR in these
patients. The importance of BHR and HRR as predictors of the
response to β blockers in patients with heart failure is contro-
versial. There is evidence that HRR mediates the benefit of β
blockade on left ventricular contractility in experimental heart
failure associated with a pronounced elevation in the BHR.13 In
that study, chronic administration of atenolol to dogs with
heart failure resulted in a significant improvement in left ven-
tricular contractility. This improvement could be prevented
completely by chronic pacing at a rate equal to the
pretreatment heart rate. The relevance of this model to the
majority of patients with heart failure can be questioned,
however, as all animals had a pronounced increase in BHR
before treatment with atenolol. Furthermore, the heart failure
was induced by creating severe mitral regurgitation, which is
an uncommon cause of heart failure in humans.

Clinical studies have produced conflicting results. Some
clinical investigators have reported that the BHR is predictive
of symptomatic improvement1 and improvement in left
ventricular function in response to β blockade,2 while others
have failed to find such a relation.3–5 Lechat and colleagues
reported that HRR measured two months after starting biso-
prolol was the single most powerful predictor of survival in the
CIBIS I study.5 In contrast, these investigators found that the
benefit of bisoprolol in terms of survival and the need for hos-
pital admission was completely independent of HRR in the
much larger CIBIS II study.7 Retrospective analysis of the

CIBIS II study did confirm that BHR was an independent pre-
dictor of mortality in patients with chronic heart failure; how-
ever, the mortality benefit of bisoprolol was independent of
the BHR. A similar finding was reported in the MERIT (meto-
prolol CR/XL randomised intervention trial) study.14 In that
study, stratification of patients into lower versus middle and
upper tertiles for BHR revealed no differences between groups
in the mortality benefit obtained in response to metoprolol.
On the other hand, stratification of patients in the US
carvedilol study6 into groups above and below the mean BHR
suggested a greater survival benefit from carvedilol in the high
BHR group (although the difference between groups was not
significant).

Relation between BHR, HRR, and reverse left ventricular
remodelling in response to carvedilol
The primary findings of our study were that the improvements
in left ventricular size and function that occurred in response
to carvedilol were independent of the BHR (regardless of
whether BHR was treated as a continuous or a categorical
variable), or of the HRR or heart rhythm. Our findings regard-
ing the lack of an association between reverse left ventricular
remodelling, BHR, and HRR are consistent with and comple-
ment the findings of the CIBIS II study.7 Taken together, these
findings indicate that HRR by itself cannot explain the reverse
left ventricular remodelling and survival benefit produced by β
blockers in patients with chronic heart failure.

Several mechanisms other than HRR have been proposed to
explain the clinical benefits of β blockers in heart failure.
These include improved diastolic function15 and inhibition of
catecholamine induced myocyte necrosis16 and apoptosis.17 18

Which if any of these mechanisms is clinically important can-
not be determined from our study. However, our findings and
those of other investigators strongly suggest that reverse left
ventricular remodelling is an important mediator of the clini-
cal benefit of β blockers.5 19 20 This conclusion is further
supported by our observation and that of other investigators
that improvements in symptomatic status and survival
are correlated closely with reverse left ventricular
remodelling.5 19 20

Relation between heart rhythm and reverse left
ventricular remodelling
Atrial fibrillation is a common arrhythmia in patients with
heart failure. Eighteen per cent of patients in our study were
in atrial fibrillation at the start of carvedilol treatment. This
proportion is similar to the proportions reported in the MERIT
and CIBIS II studies.7 14 In our study, we did not observe any
significant difference in the extent of reverse left ventricular
remodelling or symptomatic improvement between patients
in sinus rhythm and those with atrial fibrillation. An
unexpected finding of the CIBIS II study was the apparent
lack of mortality benefit from bisoprolol in patients with atrial
fibrillation.7 This may simply reflect a type II error owing to the
relatively small numbers of patients with atrial fibrillation.
Pooling of data from other β blocker trials in heart failure—as
suggested by the CIBIS II investigators—would be very useful
in confirming or refuting the hypothesis that the presence of
atrial fibrillation abrogates the survival benefit of β blockers in
heart failure. Our own findings suggest that patients with
atrial fibrillation derive as much benefit from carvedilol as
those in sinus rhythm.

Relation between BHR and tolerance to carvedilol
Krum and colleagues recently reported that patients with a
BHR less than 70 beats/min showed similar tolerance to
carvedilol as patients with a higher BHR.21 The incidence of
symptomatic bradycardia was very low in our series and led to
withdrawal of carvedilol in only 2% of patients. Furthermore,
the mean BHR of patients withdrawn from carvedilol because

Table 4 Changes in NYHA functional class in
relation to changes in echocardiographic variables

Change in
NYHA class

Change in
LVEDD (mm)

Change in
LVESD (mm)

Change in
LVFS (%)

Improved −3.1 (0.7) −6.6 (0.8)** 6.2 (0.7)***
Unchanged −2.0 (0.6) −3.1 (0.7) 2.4 (0.7)
Worse −2.1 (2.2) −1.8 (2.8) 0.5 (3.3)

**p < 0.005 v other groups; ***p < 0.001 v other groups.
LVEDD, left ventricular end diastolic dimension; LVESD, left ventricular
end systolic dimension; LVFS, left ventricular fractional shortening;
NYHA, New York Heart Association.

Table 5 Changes in NYHA functional class in
relation to basal heart rate and rhythm

Change in
NYHA class

Low BHR
(n=123)

High BHR
(n=134)

AF
(n=45)

SR
(n=212)

Improved 62 70 28 104
Unchanged 69 48 17 100
Worse 4 4 0 8

Values are numbers of patients.
AF, atrial fibrillation; BHR, basal heart rate; NYHA, New York Heart
Association; SR, sinus rhythm.
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of bradycardia was not statistically lower than the BHR for the
group as a whole. One possible explanation for the excellent
tolerance to carvedilol among patients with a low BHR is the
relation between BHR and HRR in response to carvedilol (fig
1A). It is apparent from this relation that the lower the BHR,
the smaller the HRR in response to carvedilol. While this rela-
tion could be explained by regression to the mean, it is note-
worthy that a similar relation between BHR and HRR was
reported in the CIBIS I study in response to bisoprolol.5

Conclusions
The benefits of carvedilol in terms of reverse left ventricular
remodelling and symptomatic improvement in patients with
chronic heart failure are independent of BHR, heart rhythm,
and the heart rate reduction that occurs in response to
carvedilol. The magnitude of the latter is directly related to the
resting heart rate.
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Women miss out on coronary care

Astudy from Spain has shown that women in Spain had significantly worse cardiac dis-
ease than men by the time of coronary revascularisation, but were equally at risk from
cardiovascular death.

The study was a retrospective case note study of coronary revascularisations in Spain dur-
ing 1997 which focused specifically on differences in clinical state between the sexes. Two
stage cluster sampling ensured a nationally representative sample. The first cluster was of
hospitals doing the procedures, and the second was random sampling of records from each
chosen hospital. In all, 3645 procedures (1934 percutaneous transluminal coronary
angioplasties and 1711 coronary artery bypass grafts) were studied out of an initial number
of 27 156.

Women had a higher likelihood of more severe cardiovascular disease, higher surgical risk
(odds ratio (OR) 2.6) and risk of associated disease (obesity (OR 1.8); high blood pressure (OR
2.9); or diabetes (OR 2.1)) in univariate analysis. In multivariate analysis, corrected for con-
founding factors, women were more than twice as likely to have more severe coronary symp-
toms as men (OR 2.4). Further work will be required to distinguish the many possible
reasons—biological, behavioural, cultural, doctors’ attitudes towards the sexes, late diagnosis,
or different treatment.
m Journal of Epidemiology and Community Health 2002;56:555–-559.
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