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HOW DO THE INTERCEPT AND THE GAIN
OF THE DYSPNEA - HEART RATE RELATIONSHIP
RESPOND TO EXERCISE IN CARDIAC PATIENTS?

 Shabbir Bokhari1, Asad Ali2, Feisal Subhan3, Nasiruddin Ahmed4 & HR Ahmad5

ABSTRACT:
Objectives: To study the dyspnea-heart rate relationship in patients with a positive exercise toler-
ance testing (ETT) and to compare it with normal healthy controls who had a negative ETT.
Design: This was a matched case-control study, in which all patients and their controls underwent an
ETT (Bruce protocol) at the Cardiopulmonary Diagnostics Laboratory of a tertiary health care facility.
Methods: Twenty two male patients, who tested positive on an ETT, were taken as cases and
their dyspnea profile was measured during the ETT using the Borg scale. Age, sex and body mass
index matched healthy subjects who tested negative on the ETT were recruited as controls and
underwent similar dyspnea assessment. Regression analysis of the dyspnea/heart rate relation-
ship was performed to calculate the slope and intercept for every patient and these were com-
pared with the values of the respective controls.
Results: The dyspnea/heart rate relationship in patients was found to be linear. The mean inter-
cept (± SEM) was significantly lower in patients when compared with controls; 100.68 ± 5.25
beats min-1 in patients compared with 113.14 ± 3.51 beats min-1 in controls (p=0.005). However,
the slope did not show any significant difference between patients and controls.
Conclusion: Changes in dyspnea, in this group of patients, is translated via modulation of the
intercept (threshold) of the dyspnea/heart rate relationship.
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INTRODUCTION

Dyspnea is a distressing symptom of patients
with ischemic heart disease1 and those of

pulmonary disease.2 Dyspnea is a significant
symptom of undiagnosed Coronary Artery
Disease (CAD), when exertional angina and
EKG evidence of ischemia are absent.3 Studies
in healthy subjects have shown that having a
sole symptom of effort-related dyspnea in-
creases the likelihood of dying from coronary
disease in the subsequent years.4, 5 Patients who
complain of dyspnea have a higher prevalence
of angina pectoris; this association is indepen-
dent of age and cigarette smoking and is re-
lated to the severity of dyspnea.3 A significant
proportion of angina pectoris patients suffer
from dyspnea.1 It has also been shown that dys-
pnea in cardiac patients correlates better with
Left Ventricular Ejection Fraction, as compared
to chest pain.6

Exercise tolerance testing (ETT) can be used
as a clinically relevant tool to assess dyspnea.7
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ETT is commonly employed for diagnosis of
CAD8 and to assess the pre-operative fitness of
patients undergoing major surgery.9 The results
of ETT classify the patient as high or low risk
for CAD.8 Since the current protocols for ETT
are standardized, it provides an excellent op-
portunity to study dyspnea and derive clini-
cally pertinent inferences.

The linear nature of the dyspnea-ventilation
relationship has been well studied.10 There
have been several studies in which the dysp-
nea-ventilation relationship has been analyzed
using the intercept and slope of this relation-
ship.11-14 We have recently shown that the dys-
pnea-heart rate relationship is as linear as that
of the dyspnea-ventilation relationship.15 Since
measurement of heart rate is simpler than that
of pulmonary ventilation in clinical practice
and is regularly performed during an ETT,8 it
offers an advantage to study the mechanisms
of dyspnea in relation to this cardiac
parameter.

This study evaluated the following hypotheses:
a) Is the dyspnea/heart rate relationship

linear in patients with who have a positive
ETT?

b) How do the intercept and slope of the
dyspnea-heart rate relationship respond in
these patients relative to normal subjects?

METHODOLOGY

In this matched case-control study, twenty-
two subjects were recruited from the Aga
Khan University (AKU) Hospital Cardiopul-
monary Diagnostics facility. These patients
tested positive on an Exercise Tolerance Test
(ETT), either with chest pain or electrocardio-
gram (EKG) changes consistent with ischemia
or both. These patients were individually sex,
age and body mass index (BMI) matched with
22 healthy controls who performed the ETT
for functional capacity studies and who tested
negative.

The study was approved by AKU Ethical
Committee and performed according to the dec-
laration of Helsinki. After giving informed con-
sent, subjects undertook a maximal progres-
sive exercise test following a Bruce Protocol on

a treadmill. Dyspnea was estimated each
minute during the test using the modified Borg
Scale. The wordings on the Borg Scale were
translated into Urdu (the national language of
Pakistan), for the ease of study participants
although an English version was also provided
for those who could understand the language.
Blood pressure and a 12 lead EKG were also
obtained during the ETT. The end point of the
exercise was either achievement of the target
heart rate (85% of the predicted maximal heart
rate), pain in the chest or arms, leg pain, ex-
haustion, maximal dyspnea (Borg score of 10)
or EKG changes consistent with ischemia.

Before the start of each ETT, the term ‘dysp-
nea’ was defined, in Urdu, to the participants
as a sense of air-hunger, a feeling that breath-
ing was not sufficient for the needs they
thought they had, or a shortness of breath. It
was emphasized that they should not confuse
dyspnea (breathlessness) with other sensations
associated with exercise, such as leg fatigue or
the awareness of increased breathing.

When the participants’ Borg scores were plot-
ted against their heart rates, a linear relation-
ship was observed (Figure-1). Linear regression
was applied, and from this, the x-axis inter-
cept (beats min-1) and the slope (Borg score min
beats-1) were calculated.

A comparison of the patients’ and controls’
data was performed using these parameters.
A paired t-test was used to compare differences
and the level of probability taken as significant
was 5% (p<0.05).

RESULTS

A.  Physical characteristics of study participants:
There were no significant differences in age,
BMI or maximum exercise heart rate (Table-I).
ST depression was more severe for the subjects
with positive ETTs relative to controls (data not
shown). Five out of 22 cases (22.7%) were cur-
rent smokers while 3 (13.6%) were ex-smok-
ers. However in controls, 10 (45.4%) were cur-
rent smokers and 1 (4.5%) was an ex-smoker.
B.  Linearity of the dyspnea/heart rate relation-
ship:  The relationship between the Borg score
and heart rate was approximately linear



(r2 being greater than 0.6 in all relationships)
and significant (p < 0.001) for both cases and
controls. There was a wide range for the r2

values, slope and intercept for all participants
as shown in Table-II. Of note is the fact that
the subjects with positive ETT displayed more
variation in the slope and intercept of the dys-
pnea-heart rate relationship as compared to the
controls.
C.  Comparison of the intercept and slope of the

Table-I:  Basic physical characteristics of the subjects.

Variable      Positive                Controls              Significance
ETT Patients (Mean ± S.E.M.)     (p value)

                (Mean ± S.E.M.)

Age (years)    53.55 ± 1.76     53.05 ± 1.85      0.17
BMI (kg.m-2)  27.20 ± 0.75     27.21 ± 0.82      0.99
Maximum      84.23 ± 2.06     90.50 ± 2.21      0.08
heart rate (%)

 The cases and controls were individually matched
with respect to age and BMI and therefore the p-val-
ues are not significant. The maximum heart rate just
fails to reach statistical significance.

dyspnea-heart rate relationship between cases and
controls:  The intercept was found to be sig-
nificantly lower in cases when compared with
controls. The slope was increased in subjects
with positive ETT relative to their controls;
however, this effect was not statistically sig-
nificant. The maximum Borg score did not
show any significant difference between cases
and controls (Table-III). The significant de-
crease in intercept (threshold) of this relation-
ship indicates a greater level of dyspnea at any
given level of heart rate. A graphic represen-
tation of the changes in the dyspnea-heart rate
relationship between cases and controls is
shown in Figure-1.

DISCUSSION

Studies have shown that the relationship be-
tween dyspnea and pulmonary ventilation is
linear in response to progressive exercise.11-14

However, dyspnea-heart rate relationship has
been recently shown to imitate a similar re-
sponse to that of dyspnea/ventilation relation-
ship.15 This study shows for the first time that
dyspnea in cardiac patients can be quantified
using the indices of the dyspnea-heart rate re-
lationship in response to a progressive increase
in workload.

This study answers the cardinal question
whether the dyspnea-heart rate relationship
can be investigated in subjects undergoing ETT
and what might be the nature of the relation-
ship. Important observations from this study
are a) the relationship between dyspnea and
heart rate is linear in both subjects who have a
positive ETT and those who tested negative, b)
the onset of dyspnea is earlier in these patients
as evidenced by lower threshold (intercept) of
dyspnea-heart rate relationship and c) this re-
lationship can be used during ETT to assess the
response of subjects to exercise. The main ef-
fect is mediated through the modulation of the
threshold, not a change in gain.
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Table-II: The ranges of the r2 values, slopes and
intercepts of the Borg Scale/heart rate

relationship in cases and controls.

Variable     Positive ETT             Controls
        Patients

r2 value: range          0.77 – 1.00           0.69 – 0.969
Slope: range (Borg    0.028 –1.176           0.031 – 0.19
score min. beats-1)
Intercept: range       45.68 – 167.56       74.01 – 135.48
(beats. min-1)

Table-III: The mean values of slope, intercept and r2

value of the dyspnea-heart rate relationship and
maximum Borg Score are compared in cases
(continuous line) and controls (dashed line).

Variable         Positive ETT        Controls        Significance
           Patients       (Mean ± S.E.M.)      (p value)
    (Mean ± S.E.M.)

Intercept       100.68 ± 5.25     113.14 ± 3.51         0.005
(beats. min-1)
Slope (Borg      0.21 ± 0.06         0.12 ± 0.01         0.13
score min.
beat-1)
r2 value            0.92 ± 0.01         0.83 ± 0.04         0.04
Maximum         3.50 ± 0.36         4.41 ± 0.50         0.22
Borg Score

The cases have a significantly lower intercept for
the dyspnea-heart rate relationship as compared to
controls. There is no difference in the slope and maxi-
mum Borg Score. The r2 values signify linear relation-
ships between dyspnea (Borg Score) and heart rate in
both cases and controls; however, the values differ
significantly.

HR Ahmad et al.



having ischemic heart disease.8 Exertional an-
gina and EKG changes consistent with cardiac
ischemia constitute the criteria on the basis of
which a given patient is categorized as high
risk or low risk. Exertional dyspnea is also an
important symptom in such patients. However,
this symptom bears no role in the decision
whether a test is positive or negative. The ob-
vious reason for this is the fact that exertional
dyspnea is also a symptom of normal healthy
subjects undergoing exercise.15 Although efforts
have been made to distinguish between dysp-
nea of cardiac and pulmonary origin,17 there
is no method to distinguish the pathological
exertional dyspnea from non-pathological one
and therefore the clinical utility of this symp-
tom in the setting of ETT is very limited. How-
ever, this study has highlighted the difference
between the two on the basis on intercept and
slope variables of the dyspnea-heart rate rela-
tionship.

To our knowledge, this is the first study to
have dissected out the differences between
pathological and non-pathological dyspnea.
However, we cannot comment on the origin
of this dyspnea since the result of ETT does not
give away this information. The exertional dys-
pnea evaluated in normal controls and patients
cannot be discriminated, whether it is cardiac
or pulmonary in origin or has a component of
both. It may, however, be hypothesized that
the dyspnea in healthy controls is completely
exertional in nature, whereas that in cases may
have an additional component of exercise-in-
duced pulmonary hypertension.18

In conclusion, this study confirms that the
exertional dyspnea-heart rate relationship can
be quantified in patients with myocardial is-
chemia. The relationship is linear. A significant
decrease in intercept is indicative of higher
dyspnea at any given heart rate. The intercept
and the gain of this linear relationship can thus
be developed as quantifiable potential mark-
ers of dyspnea to screen patients with myo-
cardial ischemia before heart attack. Further-
more, these markers might open the avenue
for mathematical modeling and understand-
ing the basic mechanisms involved in the
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Figure-I: A graphic model representation of the
changes in the dyspnea/heart rate relationship
between patients and controls. The dyspnea/heart
rate relationship for the patients has a lower intercept
and higher gain as compared to the controls (n = 22).

Since ETT is a screening tool and it has both
a false positive and a false negative rate, our
subjects who tested positive cannot be labeled
with a diagnosis of Coronary Artery Disease
(CAD). Therefore, a diagnosis can only be es-
tablished after cardiac catheterization shows
significant coronary stenosis. Since the dysp-
nea-heart rate relationship was measured in
both ETT positive and negative subjects, it
might be reasonable to assume that such a
methodology would be useful in screening pa-
tients with potential CAD. However, the in-
tercept and the gain as proposed markers of
breathlessness have to be analysed in patients
with positive ETT and angiography in another
study.

Bypass Grafting (Patients of CAD who had
Coronary Artery CABG) report a decrease in
dyspnea;16 this effect was independent of age
and pre-operative Left Ventricular Ejection
Fraction (LVEF).6 If we extrapolate our results
to CAD patients, it might be suggested that this
decrease is mediated via an increase in thresh-
old of the dyspnea-heart rate relationship. Since
dyspnea is an important symptom of undiag-
nosed CAD,3 it would seem that changes in
the dyspnea-heart rate relationship might pre-
cede the typical EKG changes and chest pain.
These are considered to be pathognomonic
signs and symptoms of cardiac ischemia.

ETT is regularly employed in clinical prac-
tice for screening out patients with high risk of
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genesis of cardiac and pulmonary dyspnea.
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