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Introduction

Cardiac autonomic neuropathy (AN) is a serious complica-
tion of diabetes mellitus that affects the autonomic nervous
system’s ability to regulate cardiac function. It occurs when

the nerves that control the heart’s autonomic functions are
damaged, disrupting the normal communication between
the heart and the nervous system. Most common symptoms
include abnormal heart rate variability, orthostatic hypo-
tension, exercise intolerance, syncope (fainting), and
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Abstract Introduction Patients with diabetes mellitus (type 2 diabetes) possess higher risk of
developing cardiovascular complications, which is further increased with cardiac
autonomic neuropathy (AN). Knowing the condition of myocardial blood flow in
individuals with diabetic cardiac AN might help explain unfavorable cardiovascular
events in such patients.
Materials and Methods Based on predetermined inclusion and exclusion criteria, 100
patients from a tertiary health care hospital were included in this study. Patients were
divided into two groups (A and B) of 50 each. Group A and group B included diabetic
patients with (case) and without (control) cardiac AN, respectively. Rate pressure product
(RPP), also known as double product, was used as a parameter to assess the myocardial
blood flow as it is themajor determinant of cardiac oxygen demand. Statistical analysis was
performed using one way analysis of variance (ANOVA) with SPSS software.
Results Patients in group A had a significantly higher resting RPP (p<0.1) as
compared with patients in group B. No significant difference in age and gender
distribution between two groups was evident.
Conclusion RPP at rest was higher in diabetic cardiac AN patients as during stress
events the body’s ability to raise RPP and enhance myocardial perfusion was either
minimal or nonexistent. Higher RPP values above the normative range suggests high
myocardial oxygen demand, potentially contributing to adverse cardiovascular events.
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sudden cardiac death. Cardiac AN is associated with silent,
inexplicable, abrupt death in type 2 diabetes. An under-
standing of the condition of myocardial blood flow in
individuals with diabetic cardiac AN can give a clue about
the adverse cardiovascular events occurring in such
patients.

Myocardial oxygen consumption is altered in cardiac AN,
leading to impaired cardiac function and increased risk of
cardiac events. Thus, measuring myocardial consumption in
cardiac AN is crucial to assess cardiac function and energy
expenditure. Given that myocardial consumption is difficult
to quantify directly, this study used a noninvasive and cost-
effective parameter known as double product or rate pres-
sure product (RPP) to assess the myocardial blood flow in
diabetic cardiac AN patient. As systolic pressure and ventric-
ular wall tension are correlated, the product of heart rate and
systolic pressure becomes a readily computed measure of
myocardial oxygen consumption1 and thus an effective
indicator of myocardial blood flow.2

Materials and Methods

The current study was approved by the institutional review
board in accordance with the Helsinki Declaration (1964).
Informed written consent was obtained from each patient
before conducting the study.

One hundred diabetic patients who were receiving treat-
ment in a tertiary hospital in North India participated in the
study. A glucometer was used to record fasting and random
blood sugar test, while a sphygmomanometer was used to
measure blood pressure (BP). Heart ratewas calculated using
lead II of Medicaid Cardiofax electrocardiogram machine.
Patients included in the study were categorized into two
groups. Group A included 50 patients aged 40 to 60 years
with diabetesmellitus and cardiac AN. The postural decrease
in BP of these cases was greater than 30mm Hg. Group B
included 50 patients aged 40 to 60 years with diabetes
mellitus but without cardiac AN. No postural fall in blood
pressure was observed in these patients. Comprehensive
historyof all the patients on a special proformawas recorded.
Ischemic heart disease, cardiac dysrhythmia, and congestive
heart failure cases were excluded.

The product of heart rate and systolic blood pressure was
used to determine RPP3 and the resultant value was stated
as mm Hg beats/min�10�2. Statistical analysis was per-
formed using one way analysis of variance (ANOVA) with
SPSS software. Values were recorded as mean� standard
deviation. Probability value less than 0.1 was considered
statistically significant.

Result

The demographic characteristics of the patients is shown
in ►Table 1. The mean age of the patients in groups A and B
did not show any statistical difference. Gender-based statis-
tical difference was also not observed.

RPP was substantially higher in group A cases as com-
pared with group B and the results were statistically

significant (p<0.1;►Table 2). Themean RPP was also higher
in group A cases (>12; ►Fig. 1).

Discussion

RPP is an index of myocardial oxygen consumption that is
closely correlated with myocardial hemodynamics. It is a
useful noninvasive measure to assess cardiac AN in diabe-
tes. RPP reflects the balance between sympathetic and
parasympathetic nervous system activity, which is often
disrupted in diabetic cardiac AN. Elevated RPP values
indicate sympathetic dominance, while lower values sug-
gest parasympathetic dominance.4,5 The result of current
study indicates significantly higher resting RPP in diabetic
cardiac AN patients secondary to relatively increased
sympathetic tone. This is because the earliest signs of
AN in diabetes are typically linked to parasympathetic
denervation as neuropathy initially manifests in the lon-
gest nerve fibers. Therefore, early enhancement of sympa-
thetic tone characterizes the cardiac AN development in
diabetes.6

A low value of RPP is an indicator of more parasympa-
thetic nerve activity and parasympathetic tone, which is
believed to be cardioprotective.7 A persistent increase in RPP
could indicate continued cardiac stress that could result in
cardiac dysfunction.8 In a previous study, it was reported that
in comparison to individuals with a lower resting RPP,
healthy adult participants with a higher resting RPP had
more than 60% higher risk of all-cause mortality.9 Diabetic
cardiac AN patients typically have higher RPP at rest such
that the body’s ability to raise RPP further and enhance
myocardial perfusion is limited or nonexistent in stress
episodes. As a result, RPP is frequently recommended as an
extra usefulmarker for predictingmorbidity and death in AN
patients, particularly during periods of elevated cardiac
demand such as physical activity,mental or emotional stress,
or exposure to cold.

Table 1 Demographic characteristic of patients included in the
study

Characteristic Group A Group B

Gender (number)

Male
Female

27
23

26
24

Age (mean� SD) 51.02�6.154 51.40� 6.212

Abbreviation: SD, standard deviation.

Table 2 Rate pressure product (RPP) in patients with and
without cardiac autonomic neuropathy suffering from diabetes

Groups RPP (mean� SD) F-ratio p-value

Group A 12.65þ 1.75 2.579 0.096

Group B 11.25þ 1.14

Abbreviation: SD, standard deviation.
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Conclusion

The RPP is a noninvasive measure that can be used to
estimate the cardiovascular risk of patients with diabetic
cardiac AN. Both resting RPP and changes in RPP can provide
information about the state of coronary perfusion. Subse-
quent research with a larger patient populationwill contrib-
ute to elucidating the significance of the RPP in forecasting
the degree of cardiac risk in these individuals.
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Fig. 1 Comparison of mean rate pressure product in group A and B patients.
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