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Abstract: 

Introduction: Cardiovascular autonomic neuropathy (CAN) is one of the most challenging problems amongst all the 

complications of diabetes. Development and degree of CAN is not an all or none phenomenon but a progression of disease which 

may precede development of symptoms of diabetes.  Hence, early detection of CAN is imperative for successful intervention.  

Methods:  The present study was based on the primary data of 100 subjects, out of which 50 were diagnosed as patients of Type 

2 Diabetes Mellitus and the rest 50 were age and sex matched healthy controls. The subjects were assessed for the cardiovascular 

autonomic dysfunction by evaluating resting heart rate, heart rate variation to deep breathing (E:I ratio), heart rate variation to 

Valsalva’s maneuver, orthostatic hypotension and glycemic control.  

Observation & results:  It was found that the patients of type 2 diabetes mellitus had a significantly higher resting heart rate, E:I 

ratio, orthostatic hypotension  than the control group. The diabetics of older age group (> 50 years) had reduced heart rate 

variability on deep breathing. The diabetics of longer disease duration (> 5 years) also had reduced heart rate variability on deep 

breathing. However, no other parameters showed significant alteration. 

Conclusion: We conclude that there is an increase in cardiovascular autonomic dysfunction in diabetic patients with age > 50 

years and with disease duration > 5 years. Glycemic control (i.e. HbA1c level) has no influence on the cardiovascular autonomic 

nervous system dysfunction parameters of diabetic subjects. 
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Introduction: 

Diabetes mellitus is a polygenic disease characterized by abnormally high blood glucose levels. There are currently 

approximately 40.9 million patients with diabetes mellitus in India and this number is expected to rise to about 69.9 

million by the year 2025.(1) This high burden of diabetes is likely to be associated with an increase in associated 

complications.(2) Autonomic nervous system dysfunction is one of the significant complications of diabetes mellitus 

and this is generally associated with a poor prognosis. (3)  

Diabetic autonomic neuropathy (DAN) is a serious and common complication of diabetes. Cardiovascular 

autonomic neuropathy (CAN) is one of the most overlooked and clinically important forms of DAN. CAN results 

from damage to the autonomic nerve fibers that innervate the heart and blood vessels and results in abnormalities in 

heart rate control and vascular dynamics. Reduced heart rate variation is the earliest indicator of CAN. Diabetic 

Cardiac Autonomic Neuropathy (DCAN) is associated with high risk of cardiovascular morbidity and mortality. (4)  
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The autonomic nervous system modulates the electrical and physiological activity of the myocardium via the 

sympathetic (stimulatory) and parasympathetic (inhibitory) branches of the autonomic nervous system, which act in 

concert with each other to promote proper cardiac function. An imbalance of the sympathetic / parasympathetic 

control of cardiac function can lead to the development of arrhythmias. It has been shown that chronic 

hyperglycemia promotes progressive autonomic neural dysfunction in the same way as that of the development of 

peripheral neuropathy. Because neuropathy is seen first in the longest fibers, the earliest manifestations of 

autonomic neuropathy in diabetes tend to be associated with the vagus nerve, the longest autonomic nerve. As a 

result, the initial development of CAN in diabetes is characterized by an increase of sympathetic tone due to loss of 

the parasympathetic effect. 

Various studies have been done in the past few years to evaluate the cardiovascular autonomic nervous system 

functions of diabetic patients in various parts of the world including India. But, Eastern India has a substantial lack 

in data regarding this aspect.  

Objectives: 

This study aims to detect the involvement of cardiovascular autonomic nervous functions in type 2 diabetes mellitus 

so that intervention can be done at the earliest to reduce morbidity and mortality of diabetes patients from 

cardiovascular events.  

Material & methods: 

The present study was conducted in the Department of Physiology and Department of Endocrinology in 

collaboration with Department of Cardiology of a tertiary care hospital at Kolkata for 1 year. It was an observational 

cross-sectional comparative study. The inclusion criteria were 1) Adult patients with type-2 diabetes of any duration 

attending Endocrinology OPD, 2) Patients of both sexes in the age group of 30-69 years(5) 3) Glycemic assessment– 

Fasting plasma glucose 7.0 mmol/L (126 mg/dL) (5) or  Two-hour plasma glucose 11.1 mmol/L (200 mg/dL) during 

an oral glucose tolerance test(5) or  Symptoms of diabetes plus random blood glucose concentration 11.1 mmol/L 

(200 mg/dL) (5) 

Exclusion criteria were 1) Patients unwilling to give consent, 2) Other cardio-respiratory disorders such as 

congenital heart disease, arrhythmia, cardiomyopathy, heart failure  hypertension, myocardial infarction 3) Renal 

disease , neurological disease, anaemia, vascular disease, smoking habits, cerebrovascular accident, obesity (BMI 

>30 kgm-2) and thyroid dysfunction.  

Control individuals were of same age groups (30-69 years) without any diabetes and other complications.   

Informed consent was collected prior to inclusion in the study and the study protocol was approved by the 

institutional ethics committee. 

Initially, 70 patients were enrolled; out of which 8 did not give consent, 12 did not satisfy inclusion and exclusion 

criteria. 50 healthy individuals were chosen as controls.  

On the day of the test, subjects were asked to come after a good night’s sleep, overnight fasting and free from any 

physical or mental stress. They were asked to refrain from cigarette, nicotine, coffee, or any drugs on the day of the 

test. Proper history was taken and general examination was done. Blood samples were drawn for estimation of 

fasting plasma glucose and HbA1c levels (6). After that, the subjects were asked to recline in a couch for about 15 
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minutes before beginning the autonomic function tests. The ambient temperature was comfortable (about 19-25o C). 

Autonomic Function Tests were carried out using BPL ECG machine Model No. CARDIART 108 T /MK-V1 and 

mercury sphygmomanometer. 

a. Assessment of cardiovascular autonomic parameters: 

 Determination of Resting Heart Rate (RHR):- after 15 mins of rest in supine position, Lead II of the ECG 

was recorded during normal quiet breathing for a period of one minute. 

 Heart Rate Variability (HRV) to deep and slow breathing: After 5 minutes of rest in supine position the 

subjects were instructed to take deep and slow breaths at the rate of 6 breaths/min (5 secs inspiration 

followed by 5 secs expiration in each breath) for a period of one minute. The inspiration and expiration 

timings were marked on the ECG tracing and the E:I ratio was determined(7). 

 Heart rate response to Valsalva maneuver: - After 15 minutes of rest in sitting position standard Valsalva 

maneuver was carried out by subjects by expiring forcefully into the tube attached to the manometer, to 

generate a pressure of 40 mm of Hg and maintaining this pressure level for 15 seconds. At the end of 15 

seconds the subjects were asked to release the pressure. They were instructed not to take deep breaths 

before and after the release of strain (8). The cardiovascular responses of Valsalva maneuver were assessed 

and the Valsalva Ratio was determined. 

 Blood pressure response to postural change: After 5 minutes of rest in supine position, basal blood pressure 

was recorded. Then the subject was asked to stand up immediately unaided and remain still without 

movement. The blood pressure was recorded immediately in erect posture. The difference of the systolic 

blood pressures in supine and erect posture was calculated. The fall in systolic pressure on standing was 

used as the result of change in posture test (Normal = 10 mm of Hg or less, Borderline = 11-29 mm of Hg, 

Abnormal = 30 mm of Hg or more) (9)  

b. Glycemic assessment: 

 Estimation of Fasting Blood Glucose levels. 

 Estimation of HbA1c levels: Normal: Reference value are as follows (10) : 

  < 7% Good Control, > 7% Poor Control. 

Finally, all the data were analyzed by using SPSS Inc.software (PASW Statistics 18) for Mean±SD, t-test and Chi-

square test. 
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Observation & results: 

Total 50 diabetic subjects were recruited as cases and 50 healthy individuals served as controls. 

The demographic parameters like age, BMI and waist-hip ratio of cases and controls are presented in Table-1. 

 

DEMOGRAPHIC 

PARAMETERS 
CATEGORY MEAN SD P-VALUE 

Age (yrs.) 

Control 51.77 8.19 
> 0.05 

 
Case 51.72 9.39 

BMI (kg/m2) 

Control 25.98 2.63 
> 0.05 

 
Case 26.29 3.08 

W:H 

Control 0.92 0.085 
> 0.05 

 
Case 0.94 0.073 

 

Table 1:  showing the mean and Standard deviation (S.D.) values of the demographic parameters of cases and 

controls. P-value <0.05 is considered to be significant. 

 

Among the 50 patients, 46% were male and 54% were female; among the controls, 47% were male and 53% were 

female. 

 

Fig-1: showing sex distribution among cases and controls 
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Table-2 showed comparison of the resting cardiovascular parameters of the study population (RHR, SBP, DBP and 

MBP).  

CARDIOVASCULAR 

PARAMETERS 

CATEGORY  MEAN SD P-value 

HR (beats/min.) 

Control 82.53 7.89 < 0.05 

 
Case 89.82 10.57 

SBP (mm of Hg) 

Control 128.07 8.87 > 0.05 

 
Case 129.68 7.97 

DBP(mm of Hg) 

Control 79.93 5.21 > 0.05 

 
Case 80.68 7.90 

MBP(mm of Hg) 

Control 95.98 5.40  

> 0.05 

 Case 97.01 6.3 

Table 2:  showing the mean and Standard deviation (S.D.) values of the different cardiovascular parameters of cases 

and controls at rest. P-value <0.05 is considered to be significant. 

 

Table-3 showed comparison of the cardiovascular autonomic function parameters of cases and controls. There was 

significant alteration of mean RHR, mean E: I ratio and mean fall of SBP on standing between the two groups (p-

value<0.05). No significant difference was observed in Valsalva Ratio (VR). 

 

AUTONOMIC 

FUNCTION 

PARAMETERS 

CATEGORY MEAN SD P-VALUE 

RHR 

(BEATS/MIN.) 

Control 82.53 7.89 
< 0.05 

 
Case 89.82 10.57 

E:I 

Control 1.302 0.175 < 0.05 

 

 Case 1.09 0.108 
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VR 

Control 1.226 0.098 
> 0.05 

 
Case 1.229 0.156 

FALL OF SBP 

(mm of Hg) 

Control 79.93 5.315 
< 0.05 

 
Case 80.68 10.658 

 

Table 3:  showing the mean and Standard deviation (S.D.) values of the different cardiovascular autonomic function 

parameters of cases and controls. P-value <0.05 is considered to be significant. 

 

Table -4 and table-5 showed the cardiovascular autonomic function parameters of cases and controls in respect to 

age (one group: <50 years and another group-> 50 years). No significant difference was observed in any parameter 

in any age group except E: I ratio in the diabetic subjects. 

  

Parameters  

(Mean±SD) 

CASES CONTROLS 

<50 years >50 years P-value <50 years > 50 years P-value 

RHR 90.63±11.31 89.32±10.25 >0.05 85.17±7.35 80.78±7.95 >0.05 

 

Table-4: showing the Mean and SD of resting heart rate in cases and control with respect to age. P-value <0.05 is 

considered to be significant. 

Parameters 

Cases Controls 

<50years 
> 50 

years 
P-value 

<50 

years 
> 50 years P-value 

E:I ratio 31.58% 70.97% <0.05 0% 22.22% >0.05 

Valsalva Ratio 31.58% 25.81% >0.05 0% 11.11% >0.05 

Fall of SBP 63.16% 58.06% >0.05 0% 58.06% >0.05 

Table-5: showing percentage of cases and controls with altered autonomic function parameters with respect to age 

(chi-square test). P-value <0.05 is considered to be significant. 
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Table-6 and table-7 showed the cardiovascular autonomic function parameters of cases in respect to duration of 

diabetes (one group: <5 years and another group-> 5 years) and glycemic control (HbA1c in one group: <7% and 

another group-> 7%). Significant alteration was found in E: I ratio in subjects having diabetes for > 5 years. 

However, no significant alteration was found in other parameters. 

 

PARAMETERS  

(MEAN±SD) 

DURATION OF THE DISEASE GLYCAEMIC CONTROL 

<5 years >5 years P-value <7% > 7% P-value 

RHR 91.94±12.77 88.82±9.41 >0.05 90.67±11.66 89.34±10.07 >0.05 

Table-6: showing the mean and SD of resting heart rate with duration and glycemic control of diabetes. P-value 

<0.05 is considered to be significant. 

 

Parameters  Duration of the disease Glycaemic control 

<5 years >5 years P-value <7% > 7% P-value 

E:I ratio 18.75% 73.53% <0.05 38.89% 65.63% >0.05 

Valsalva ratio 18.75% 32.35% >0.05 33.33% 25% >0.05 

Fall of SBP 12.5% 17.65% >0.05 22.22% 12.50% >0.05 

Table-7 showing percentage of cases with altered autonomic function parameters with respect to duration and 

glycemic control of diabetes (chi-square test). P-value <0.05 is considered to be significant. 

 

 

Discussion: 

The cases and controls were matched in terms of their demographic profile (Age, sex distribution, BMI and W:H) 

[p-value: >0.05].  So far the resting cardiovascular parameters are concerned, the diabetic patients had a significantly 

higher mean Heart Rate (HR) than controls at rest (P value <0.05). However there is no significant difference in 

mean Systolic Blood Pressure (SBP), mean Diastolic Blood Pressure (DBP) and mean Mean Blood Pressure (MBP) 

between the two groups at rest [p-value: >0.05].   

Increased Resting Heart Rate (RHR) is observed frequently in diabetic patients due to vagal cardiac neuropathy 

that results in unopposed cardiac sympathetic nerve activity. Initially there is an increase in heart rate followed by 

a decrease in heart rate and ultimately a fixed heart rate due to progressive dysfunction of cardiac sympathetic 

nervous system. (11, 12, 13) 

In our study, the mean E:I value of the cases is significantly lower than the controls which is consistent with the 

findings of a study done by Nazeema Khatoon et al. (14)   

Again the mean fall in SBP on standing is significantly more in cases with respect to controls. In patients with 

diabetes, orthostatic hypotension is usually due to damage to the efferent sympathetic vasomotor fibers, 
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particularly in the splanchnic vasculature. (15) In addition, there is a decrease in cutaneous, splanchnic and total 

vascular resistance that occurs in the pathogenesis of this disorder. 

The mean Valsalva Ratio value of the cases is marginally higher than the controls but the difference is not 

statistically significant. The Valsalva Ratio is more important for a longitudinal study than a cross sectional study. 

(16)  

The next step of analysis involved the comparison of the cases and controls according to age (group-1: < 50 years 

and group-2: > 50 years). It was found that there was no significant difference (P value >0.05) in any of the 

autonomic function test parameters in the two age groups of the controls.  

But when we came to the cases, it is found that for E:I ratio, there were significantly more (P value < 0.05) number 

of cases with altered  E:I ratio in the higher age group than those in the lower age group. For the other parameters 

like RHR, VR and fall of SBP on standing there was no significant difference in the number of abnormalities in 

the two groups of cases. 

So, from our study we can say that as we have taken age adjusted values [for E:I and VR(7) ] , there is no effect of 

age on the different parameters for controls. But for diabetics it can be said that at least one of the parameters i.e. 

E:I shows more number of alteration in higher age group. So it seems that age potentiates the parasympathetic 

dysfunction in diabetic subjects. This effect of age is over and above the normal effect of age on autonomic 

nervous system. Thus we can say that diabetics of the higher age group are more prone to autonomic nervous 

system damage than healthy subjects of similar age group. 

So far the duration of disease is concerned,   the cases were divided into two groups (<5 years and > 5 years from 

the time of diagnosis. There is a significant increase in the number of cases with altered E:I ratio in the group with 

duration of disease >5 years than the cases with lower disease duration. The other parameters i.e. RHR, VR and 

fall of SBP on standing show no significant increase in altered responses in the two groups of case (P > 0.05). 

These findings are in agreement with S. Aggarwal(17), Tankhiwale et al (18), Nazeema Khatoon et al.(14)  

Regarding glycemic control (i.e. HbA1c level), there was no statistically significant difference in the autonomic 

parameters in the two groups. These findings are consistent with Asish Kumar Basu et al (19), Ali Jawa et al(20). So, it 

seems that such short time glycemic control has no effect on cardiovascular autonomic dysfunction. 

Conclusion:  

Our study showed that there is an increase in cardiovascular autonomic dysfunction in diabetic patients with age > 

50 years and with disease duration > 5 years. Glycemic control (i.e. HbA1c level) has no influence on the 

cardiovascular autonomic nervous system dysfunction parameters of diabetic subjects. Here the study population 

was small and further studies with large sample size and involving multicentric design is desirable. 
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