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Introduction: Cardiovascular diseases are the leading cause of death
in almost every region of the world. One of the major risk factors
for coronary artery disease is stress. The study was carried out to
find the effect of mental stress on heart rate and blood pressure in
coronary artery disease patients and in their age-matched normal
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76.72/min and SBP was 116.24 mmHg before stress which increased
to 80.5/min (HR) and 121.56 mmHg (SBP) after stress in normal
individual. The result of the study showed mental stress induced rise
in heart rate and blood pressure in both the groups. Nevertheless,
mental stress induced increase in systolic blood pressure in
patients exhibited higher than that of their aged-matched normal
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Conclusions: The incidence of coronary artery disease is increasing
day by day in the modern society. The measurement of heart rate
and blood pressure (casual and mental stress induced) may help the
clinicians to predict/screen coronary artery disease, especially the
silent ones, and can prevent sudden angina pain.
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INTRODUCTION

Stress is the inflict on any subject when a person
required the degree to which they feel overwhelmed
or unable to cope as a result of pressures that are
unmanageable.[1] People experiencing stress,
depression, angina may experience certain
physiologic effects on the body, such as increased
cardiac reactivity like increased heart rate (HR)
and blood pressure (BP), reduced blood flow to
the heart, and heightened levels of cortisol. Over
time, these physiologic effects can lead to calcium
buildup in the arteries, metabolic disease, and heart
disease.[2] When a person is exposed to stress for
a long period of time, then there may be increased
chance of atherosclerosis, inflammatory reactivity,
endothelial dysfunction, and oxidative stress,
which are the primary factors to the development
of eventual cardiovascular diseases.[3]

Cardiovascular diseases (CVD) are the leading
cause of death in almost every region of the world.
[4-6] Chronic coronary syndrome is a failure of
coronary circulation to supply adequate blood
circulation to cardiac muscle and surrounding
tissue - a phenomenon that may result in a
myocardial infarction (MI).[7] The main risk
factors for coronary artery disease (CAD) include
dyslipidemia, diabetes, arterial hypertension,
obesity, smoking, and a sedentary lifestyle, as
well as stress, older age, male gender, and a family
history of coronary heart disease (CHD).[8]

This mental stress triggers the sympathetic-
adrenal-medullary axis leading it to discharge
catecholamine, which consequently elevates BP and
HR with increased workload on heart.[9,10] In this
context, it is justified to see how much alteration
may occur in HR and BP due to mental stress in
patients with CAD and in normal individuals.
Present study was undertaken to compare the
alteration in mental stress induced HR and BP in
patients with CAD and in normal individuals.

MATERIALS AND METHODS

A comparative descriptive study was conducted in
Shahid Gangalal National Heart Center (SGNHC)
over one year. Ethical approval was obtained
from the institutional review committee of Nepal
Medical College and permission letter was obtained
from SGNHC. The study population comprised of
50 patients with myocardial infraction (27 males
and 23 females) and 50 healthy individuals (25
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males and 25 females) with age group 40-80 years.
Informed written consent was obtained from all
the participants. All patients had CAD, and none
had undergone coronary artery bypass surgery.
Those patients who had done bypass surgery were
excluded. All normal healthy individuals having no
CAD, chest symptom and not under any medication
related to cardiac problem.

After recruitment, detail clinical history of all the
particiapants was taken. An electrocardiogram
(ECG) was done in all volunteers. Myocardial
Infraction was confirmed by cardiac markers
(CPKMB and troponin I) along with ECG and
history.

For casual blood pressure
and heart recorded before the
experimental procedure. Blood pressure was
measured by auscultatory method using mercury
sphygmomanometer and stethoscope (Littman
Cardiosonic) keeping the individual in sitting
posture with a back rest after allowing him/her
to take rest at least for 5 minutes. Heart rate was
measured by cardiac auscultation in mitral area for
1 min immediately after taking BP measurement.
The CAD patients were requested to perform mental
arithmetic calculation for a minute with serial
subtractions of 7 from 100 as quickly as possible.
A metronome at the rate of 90 beats/min was kept,
which acted as an additive stressor component.
The subjects were repeatedly asked to increase
the speed by urging comments such as “Iry to go
a little faster!, ‘Follow the sound of metronome!
etc. The number of correct responses was recorded,
but wrong answers were immediately corrected
by asking the subject to correct it. Throughout the
test, the experimenter encouraged the subjects to
perform at his/her maximum speed, but maintained
an emotionally neutral attitude to prevent the
subjects from a feeling of being harassed. Blood
pressure and heart rate were recorded immediately
after the calculation.

every volunteer
rate were

Same procedure was performed on the control
group and heart rate and BP measured similarly.

All the data were collected and analyzed statistically
by using students’-test to find out significant
variation between two study groups. The statistical
analysis (t-test) was performed by SPSS version 20.
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Table 1: Hemodynamic parameters of CAD patients and normal individuals

Patient
Parameter After mental
At rest
stress

HR (beat/min) 75.40+10.43 80.26+10.94
SBP (mmHg) 121.84+15.07 135.12+13.4
DBP (mmHg) 78.44+11.17 82.40+10.84
RESULTS

The study was carried out among 50 myocardial
infraction patients (27 male and 23 female), and
50 healthy individuals (25 male and 25 female)
with age 40-80 yrs. ECG of all patients showed ST-
elevation in different leads, CPKMB were found to
have more than 35 UL (mean 150 UL) and all blood
samples were troponin-I positive. All patients were
receiving [(-blockers and none had undergone
coronary artery bypass graft.

The resting heart rate of normal individuals is more
than patients and the resting blood pressure of
patients is more than the normal individuals. After
mental stress the HR, SBP and DBP all increased in
both patients and normal individuals. (Table. 1) The
heart rate increased only slightly (insignificantly) in
patients (6.53% from the baseline) and in normal
counterparts (5.01% from the baseline), DBP
increase is negligible both in patients (3.04% from
baseline) and normal individuals (3.62% from
baseline) but rise in SBP was highly significantly in
patients (11.36% from baseline) than their normal
counterparts (4.63% from baseline).(Figure.1)
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Figure 1. Mental stress induced rise (%) in HR,
SBP, and DBP among the CAD patients and normal
individuals
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Controls
After mental
P value At rest P value
stress

80.56%9.46 >0.05
121.56+15.4 <0.005
78.88+8.85 >0.05

DISCUSSION

In present study, we included the patients who were
diagnosed as coronary artery disease and control
group who never had cardiac disease. Here we
compared the rise in HR and BP among patient and
control group after mental stress. We administered
mental arithmetic as a stressor, as previous studies
established it as a less potent stimulus than public
speaking task in eliciting myocardial ischemia in
CAD patients.[11,12] Besides that, the patients
were subjected to mental arithmetic (stressor) in
hospital setting, so that if by chance anginal pain
would occur as a result of myocardial ischemia the
situation could be managed by using life supporting
drugs and the specialist’s care. Normal volunteers
were also subjected to the same stressor.

In present study, casual/baseline HR in CAD
patients was found to be lesser than that of their
normal counterparts. It may be due to the effect of
B-blocker (metoprolol) which was administered
in all CAD patients who took part in our study.
Casual/baseline BP in CAD patients was higher
than the same in their normal counterparts as those
patients were already in stress leading to raised
plasma catecholamine level. Schoder et al also
found higher baseline titer of serum epinephrine
and Norepinephrine (Epi: 36pg/ml; NE: 289pg/
ml) in CAD than in normal counterparts (Epi:
29pg/mLNE:  258pg/ml).[1] Increased titer of
catecholamines might be the cause of raised causal/
baseline BP.

Mental Stress through mental arithmetic task
increased HR by about 6% in both normal
volunteers and CAD patients in the present study.
But the study done by Emilie Pérusse-Lachance et
al.,[14] found that mental stress in the form of 45-
min reading-writing session, elevated HR by 10%.
This finding was in line with Martin et al.,[15] who
reported an increase in HR by 20% (+6.7 bpm),
and Durocher et al, [16] also noted a similar
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increase of HR approximately 20% during a single
arithmetic task of 5-min duration. Mental stress
also increases both SBP and DBP in CAD patients
and normal individuals which was due to release
of catecholamine in response to stress through
sympathetic ~ stimulation. The catecholamine
(epinephrine) resulted increased in rate and force of
contraction of heart leading to increased heart rate
and SBP.[17] Another possibility is an increased or
decreased muscle sympathetic nerve stimulation,
which exemplifies the actions of the sympathetic
nervous system[18] as a result of mental activity.

It was unique in that generally DBP decreases or
remains same in physical exercise but in the case of
mental stress DBP increases slightly both in normal
and CAD patients indicating raised SVR in both
the cases.[19]

Mental stress induced increased in HR and BP
was not severe in normal individuals than in CAD
patients. Stress caused increased in catecholamine
that increased the HR mediated by 1 receptor.
Mental stress cause moderate increased in cardiac
work. When blood norepinephrine titer increases
slowly in human, BP (both SBP and DBP) rises.
Hypertension stimulates carotid and aortic
baroreceptor producing reflex bradycardia that
overrides the direct cardio-accelerating effect of
norepinephrine.[20] So, HR and BP increased only
slightly.

A rapid upregulation of beta adrenoceptors occurs
during myocardial ischemia. This upregulation
occurs in spite ofa massive release of norepinephrine
from cardiac adrenergic nerves during ischemia.
Both norepinephrine release and upregulation of
cardiac beta adrenoceptors lead to an adrenergic
overstimulation of ischemic myocardium.[21]
B-blocker significantly reduced peak mental
stress heart rate; but mental stress triggered blood
pressure elevation were not affected.[22] So heart
rate increased only slightly in CAD patients, but rise
in SBP was higher which may be due to increased
SBP reactivity to mental stress.[23]

The study by Merz et al revealed heightened
cardiovascular reactivity, measured by magnitude
in blood pressure elevation from baseline, among
the patients, who displayed the most severe mental-
stress- triggered ischemia.[22] Present study also
recorded higher mental- stress- triggered elevation
of SBP in CAD patients (11.36% increase from
baseline) compared to the same in their normal
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age-matched counterparts (4.63% increase from
baseline).

Norepinephrine produces vasoconstriction in
most of the organs via a, receptor.[20] NE titer was
found to be higher in CAD patients than in normal
counterparts during mental stress.[13] So, mental
stress induced DBP was higher in CAD patients
than that in normal counterpart.

CONCLUSION

The measurement of HR and BP (casual and mental
stress induced) may help the clinicians to predict/
screen CAD, especially the silent ones, and can
prevent sudden anginal pain in them. The result
of the present study indicated that if mental stress
induced rise in SBP is more than ~10% than that of
casual SBP; it is recommended that the individual
should be advised to go for ECG and other tests
for further evaluation of cardiac function to do the
needful. This may also be useful in prediction/early
detection of CAD in remote areas where advanced
diagnostic facilities (like ECG, cardiac enzyme
measurement) is not available unfortunately.

The patients were treated with angiotensin
converting enzyme inhibitor, nitrate and other
angina drugs which had been shown to improve
the coronary endothelial dysfunction. So, the true
degree of effect of stress on BP and HR may be
underestimated. The sample size is also less due
to limited time and feasibility so it is too early to
announce the cut of percentage of blood pressure.
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