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Post-prandial worsening of angina: All due to
changes in cardiac output?

A J Cowley, L J Fullwood, K Stainer, E Harrison, A F Muller, J R Hampton

Abstract
Background-The precise mechanism

leading to the post-prandial worsening
of angina has yet to be adequately
defined. It has been attributed to an
increase in double product but is per-
haps more likely to be related to an
increase in cardiac output after food.
This study was designed to evaluate the
effects of food on patients' exercise
tolerance and compare these with
changes in haemodynamic variables.
Methods-23 patients with chronic

stable angina who had post-prandial
worsening of their angina were studied.
The patients were evaluated on two
occasions and at each visit they under-
went two symptom limited treadmill
exercise tests. They remained fasting on
the first visit and were given a 1400 kcal
meal 60 minutes before the second exer-
cise test on the second visit. Time to
onset of 1 mm ST segment depression,
heart rate, systemic arterial blood pres-
sure, and cardiac output were measured
at rest and during exercise.
Results-There were no differences in

any of the variables during the two exer-
cise tests on the day the patients
remained fasting. After the meal exer-
cise tolerance fell significantly by 136
seconds and the stage at which 1 mm ST
segment depression was first seen was
also significantly reduced. Resting car-
diac output increased significantly by
0-86 I/min with the patients sitting and
by 0-89 I/min standing. The exercise
times after food were significantly
related to cardiac output even when fast-
ing times were taken into account. Rest-
ing heart rate increased significantly by
8i3 beats per minute sitting and 10i4
beats per minute standing. There was
little change in blood pressure and no
evidence that the double product predic-
ted the post-prandial exercise time.
Conclusions-Worsening of angina

was related to the increase in cardiac
output after a meal and successful treat-
ment will depend upon the prevention of
this increase.

The observation that eating can worsen
angina was first made over two centuries ago.'
However, it has been surprisingly difficult to

demonstrate the mechanism by which this
occurs. Intuitively it might be expected that a
meal causes an increase in cardiac output and
that this accounts for the worsening of symp-
toms, but it has been almost universally
impossible to show this with invasive tech-
niques and in most studies there has been no
consistent increase in cardiac output post-
prandially.23 Post-prandial deterioration in
angina has therefore been attributed to an
increase in heart rate and blood pressure
which is taken to indicate an increase in
myocardial oxygen demand.4 Even the consis-
tency of these changes is in doubt because
simple non-invasive measurements showed
that food causes a reduction in blood pressure
and little if any increase in heart rate in elderly
subjects, who are those most likely to have
angina.5 The difficulty in defining adequately
the mechanism of post-prandial worsening of
angina therefore seems to be attributable to
the invasive nature of the techniques used.
We showed that cardiac output can be

measured non-invasively and reliably by
analysis of respiratory gases6 and that a
modest meal increased the cardiac output of a
group of normal subjects.7 If methodological
problems are the reason for the difficulties in
showing the cause of post-prandial angina
then use of a non-invasive technique may
overcome these. The purpose of this study
was to evaluate quantitatively the effect of food
on the exercise tolerance of patients with
angina and to try to determine the relevance of
haemodynamic changes to any deterioration in
angina.

Patients and methods
Twenty three patients with chronic stable
angina participated in the study. All described
a worsening of their angina after meals.
Twenty one were men and the patients were
aged 46-69 years. All were limited by angina
on treadmill exercise testing. Antianginal
medication was stopped, in those patients tak-
ing prophylactic treatment, at least 24 hours
before each exercise test except for sublingual
glyceryl trinitrate which was permitted up to

two hours before treadmill exercise testing.
All patients were fully familiarised with the

study protocol on at least two occasions before
entering the study. They were asked to attend
the exercise laboratory at 11 am on two days
one week apart having fasted from midnight.
On each visit they underwent two symptom
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limited exercise tests separated by at least 120
minutes. On the first (control) day the patients
remained fasting and after the first test on the
second (test) day they were given a standard
meal of 1400 kcal to be eaten 60 minutes
before the second test.

TREADMILL EXERCISE TESTS
All patients exercised to a symptom limited
maximum with a modified low level Bruce
protocol. The speed and slope of the treadmill
were increased after three minutes at each of
the following stages:

I II III IV V VI
Speed

(km/h) 2 7 2-7 2-7 27 40 5-4
Slope (0) 0 1-3 2-6 4.3 5.4 6-3
The exercise stages were prolonged to four
minutes during stages I and III to enable
cardiac output to be measured.

Heart rate was recorded at rest and at the
end of each stage of exercise. Blood pressure
was measured by auscultation with a sphyg-
momanometer at rest and at the end of each
stage of exercise. Standard 12 lead electrocar-
diograms were recorded at rest and every
three minutes during the treadmill test and at
the end of exercise.
Time to onset of 1 mm ST segment depres-

sion in any lead from the 12 lead electrocar-
diogram was measured in those patients who
had changes in all four tests.

CARDIAC OUTPUT
We measured cardiac output by an indirect
Fick principle by monitoring respiratory gases
with a mass spectrometer (V G Medicals).
Carbon dioxide was used as the indicator.
Carbon dioxide production was calculated
from minute ventilation and mixed expired
carbon dioxide concentration, the partial pres-
sure of carbon dioxide in pulmonary venous
(systemic arterial) blood was derived from end
tidal carbon dioxide concentration, and the
partial pressure in mixed venous blood was
measured after a rebreathing manoeuvre.
These three variables were used to solve the
Fick equation.

Cardiac output was measured with the
patients sitting, standing, and at fixed sub-
maximal workloads at the end of stages I and
III during the treadmill exercise test. The

coefficient of variation of the method was
8-2%.

STATISTICAL ANALYSIS
The effect of visit (week 1 compared with week
2) and exercise test (first compared with
second) on maximal exercise duration and
each of the haemodynamic measurements was
assessed by a three factor analysis of variance
with patient identity included as a blocking
factor.8 We used the statistical modelling
package GLIM.9 In each case the magnitude
of the variable associated with the first order
interaction term involving the factors visit and
exercise, gives a measure of the effect of the
meal.
The time to onset of 1 mm ST segment

depression was coded according to the stage at
which it first occurred. Patients who stopped
exercising without this degree of ST depres-
sion developing were coded as stage VII-that
is, beyond the end of exercise. The within
visit difference in score (between the second
and first exercise test) was calculated to give a
measure of the effect of repeated exercise (visit
1) and the additional effect of the meal (visit 2).
The difference between the visit differences can
therefore be interpreted as a measure of the
effect of the meal. We examined these with a
Wilcoxon signed rank test.
The relation between cardiac output and

maximal exercise time was investigated by
multiple regression techniques. Specifically, a
regression model was fitted that related exer-
cise time after the meal to the exercise time
before the meal. Change in cardiac output was
then added to this regression to see whether
this additional information improved the
prediction of exercise time after the meal.

Results
All the patients had moderate angina and when
they were studied they were not taking medica-
tion. Three patients were unable to complete
stage I of the protocol on at least one occasion
and seven could not complete stage II for all
four tests.

SYMPTOM LIMITED EXERCISE TOLERANCE
Figure 1 shows the exercise tolerance of the
patients on the control and study days. On the

Figure 1 Individual and
mean (SEM) valuesfor
the symptom limited
exercise tolerance of the
patients on the control and
test days (p < 0-01 on the
test day).
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Figure 2 Individual and
mean (SEM) valuesfor
time to onset of 1 mm ST
segment depression in those
patients in whom this
occurred on the control and
test days (p < 005 on the
test day).

Control day

Pre Post

control day 11 patients had greater exercise
times on the second exercise test compared
with only three patients on the test day. The
mean (SEM) times for the control day were 725
(70) seconds for the first test and 703 (69)
seconds for the second test. On the test day the
times were 783 (65) and 626 (59) seconds.
Therefore on the control day there was a small
decrease in exercise time for the -second test
which may indicate the effects of repeated
testing to a symptom limited maximum. When
this was taken into account with analysis of
variance the effect of the meal was to reduce
exercise time by 136 seconds (p < 0-01).

ST SEGMENT CHANGES
Figure 2 shows the time to onset of 1 mm ST
segment depression in those patients who
developed it. On the control day 1 mm ST
segment depression occurred earlier in the
second exercise test in five patients and at the
same stage in 11 patients. On the test day it was
seen earlier in 15 patients during the second
test and at the same time in five patients
(p < 0-05).

HEART RATE AND BLOOD PRESSURE
Table 1 shows the mean (SEM) values of heart
rate with the patients sitting, standing, and at
the end of exercise. Model based estimates
indicated that heart rate was eight beats per
minute higher after the meal when the patients

were sitting (p < 0-05) and 10 beats per minute
when they were standing (p < 0 01).
There was no significant effect of the meal on

systolic or diastolic blood pressure at any time.
The double product (mean arterial blood pres-

sure x heart rate) measured with the patients
sitting was 6329 (381) and 6228 (457) on the
control day and 6277 (323) and 6844 (530) on

the test day. These values were not significantly
different and the changes in double product
were not related to exercise time after the meal.

CARDIAC OUTPUT
All patients were capable of performing the
respiratory manoeuvres needed for cardiac out-
put to be calculated. Table 2 shows the values
of cardiac output with the patients sitting,
standing, and the last measurement obtained
during the exercise test. The variable number
of patients who completed a measurement
during exercise are also shown. Model based
calculations show that the meal increased car-
diac output by 0-86 1/min with the patients
sitting (p < 0-01) and by 0-89 l/min (p < 0 01)
with them standing. The effect of the meal,
however, was not significant at or near peak
exercise.
The increase in resting measurements of

cardiac output in response to the meal was a

useful predictor ofthe decrease in exercise after
the meal. Adding the change in cardiac output
to a regression model relating post-meal exer-

Table 1 Mean (SEM) values of heart rate (beats/minute) with the patients sitting, standing, and at the end of
exercise

Control day Test day Change Model based
in control effect of

Pre Post Pre Post post - pre meal

Sitting 66-9 (2-6) 65-1 (2 4) 64 8 (2 3) 71-1 (3-4) -0-94 8 34*
Standing 75-7 (2 7) 74-9 (2 6) 72-7 (2 5) 82-4 (3 0) -0-78 10-43t
End point 106-9 (5 5) 107 2 (5-7) 111-6 (5 0) 109-9 (5 5) 0-19 -2 00

*p < 0-02, tp < 0-01.

Table 2 Mean (SEM) values of cardiac output with the patients sitting, standing, and the last value obtainedfrom
those in whom measurements were made during exercise

Control day Test day Change Model based
in control effect of

Pre Post Pre Post post - pre meal

Sitting 4 0 (0 2) 3-9 (0 2) 4 0 (0 2) 4-8 (0 2) -0-02 0-86*
Standing 3.8 (2 7) 3 9 (2 6) 3 9 (2-5) 4-8 (3 0) 0 03 0.89*
End point 8 3 (0 5) 7 9 (0-5) 8-4 (0-5) 8-8 (0 4) -0 44 1 01
Number at end point 18 21 16 20

*p < 0-01.
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cise time to pre-meal time significantly
improved the predictive accuracy (p = 0 039).

Discussion
In this study we showed that the exercise
tolerance of patients with angina can be
reduced quite substantially by a modest meal.
We also showed that this reduction in exercise
tolerance is related to the increase in cardiac
output in response to the meal.
The fact that a meal may worsen the symp-

toms of some patients with angina is clinically
well recognised' "0 but it has been surprisingly
difficult to demonstrate with any consistency
the mechanism. It has been known for many
years that a meal increases cardiac output" but
more recent attempts to confirm the original
observation have often been unsuccessful.23 In
part this is likely to be because the invasive
techniques used in themselves can cause
changes in haemodynamic function and
thereby mask the expected post-prandial
increase in cardiac output. Non-invasive tech-
niques have proved more reliable in showing
the changes in cardiac output after food.'2 In
normal volunteers we showed that a modest
meal may increase resting cardiac output by up
to 30% .' The present study showed a similar
increase in cardiac output at rest which was
maintained and was additive to the changes
during submaximal exercise. Furthermore,
there was a relation between the changes in
cardiac output and the change in exercise
tolerance of the patients such that those
patients who had the greatest increase in
cardiac output had the greatest reduction in
exercise tolerance.

In the absence of demonstrable changes in
cardiac output the post-prandial worsening of
angina has previously been ascribed to an
increased myocardial oxygen consumption
shown by an increase in the product of heart
rate and blood pressure.4 Although there is
evidence that patients develop angina within a
fairly narrow range of double product for each
individual4 the effect of food may be para-
doxically to lower the double product by a
reduction in blood pressure. In our study we
saw the expected increase in heart rate but little
change in either systolic or diastolic blood
pressure and little change in the double
product. The factors that determine myocar-
dial oxygen consumption are complex and the
combination of blood pressure and heart rate
can only be an approximation."3 "' The pump-
ing action of the myocardium is of obvious
importance because this must relate directly to
energy consumption and therefore oxygen util-
isation; but until now, reliable non-invasive
measurements of cardiac output have not been
possible. It is therefore not surprising that the
increase in cardiac output we showed in this
study is more closely related to the reduction in
patients' symptom limited exercise tolerance
than changes in double product.

The factors responsible for the increase in
cardiac output are unclear. Digestion is a

metabolically active process that is associated
with an increase in systemic oxygen consump-
tion. Gut blood flow is increased'5 and this
seems to be met by an increase in cardiac
output. Redirection of blood from other vas-
cular beds does not contribute to the enhanced
blood supply to the gut. Part of the physio-
logical stimulus for the increased cardiac out-

put is increased activity of the sympathetic
nervous system and this has implications for
the treatment of post-prandial angina.'6Drugs,
such as ,Bblockers, may prevent the increase in
cardiac output with obvious benefit. An alter-
native way of treating patients would be with
agents that prevent the increase in gut blood
flow or alternatively redirect blood from other
tissues and obviate the need for an increase in
cardiac output. Patients may find that taking
smaller meals more frequently is helpful.
A meal is an important cause of worsening of

patients' angina. Its effects are related to the
magnitude of the increase in cardiac output and
treatment will depend upon the prevention of
this increase.
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