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Abstract 
Occurrence of autonomic imbalance is not very uncommon in diabetic patients and evidences of subclinical autonomic imbalance 

in their offsprings are also reported.  

Objective: To study the effect of parental diabetes on cardiac autonomic functions of their non diabetic children.  

Materials and Methods: The study was conducted in the department of Physiology SSIMS and RC, Davangere, after the 

approval of the institutional ethical committee, on 100 subjects. 50 non diabetic offsprings of diabetic parents (cases) and 50 non 

diabetic offsprings of non diabetic parents (controls). The subjects were in the age group of 18-25 years and were selected on the 

basis of predetermined inclusion exclusion criteria. The study protocol was explained and informed written consent was taken 

from the subjects. Battery of six conventional cardiac autonomic function tests were done which included, resting HR, HR 

response to deep breathing, HR response to Valsalva, DBP response to IGHT, BP and HR response to change in posture, BP 

response to CPT. Statistical analysis was done using Student’s unpaired t test.  

Result: Our results show decreased parasympathetic activity as indicated by increased basal HR (p< 0.001), decreased HR 

response to DBT and VR (p< 0.004 and 0.001 respectively) and increased maximum minimum HR ratio (p<0.002). There is an 

increased sympathetic activity also which can be inferred from an increased BP response to CPT in the cases when compared to 

the controls (p<0.01).  

Conclusion: Our results show that there is a state of sympathovagal imbalance in the non diabetic offsprings of diabetic parents 

that can be inferred from an increased sympathetic activity and decreased parasympathetic activity. 
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Introduction 
Diabetes is emerging as an epidemic in the 

developing countries of the world. Evidences suggest 

that there is a stronger genetic predisposition to diabetes 

amongst Indians.1-3 DM is a state of hyperglycemia in 

which carbohydrate and lipid metabolism is improperly 

regulated by insulin.4-7 Type 2 (Non-insulin dependent 

DM) which is more prevalent form of diabetes, is 

characterized by varying degrees of insulin resistance, 

impaired insulin secretion and increased glucose 

production.  

T2DM is a familial disease and the risk increases 

with increasing age particularly in the overweight and 

obese adults. Also the risk is greater if there is a family 

history of DM in the First Degree Relative (FDR).2,7,8-10 

Insulin resistance has been observed in many non 

diabetic, FDR’s of individuals with T2DM.7,11 Age at 

onset of diabetes is almost ten years early in non 

diabetic off springs of diabetic parents when compared 

to their parents.12  

Sedentary life style, increased consumption of high 

calorie fatty food and aerated soft drinks lead to an 

increase in the incidence of DM, hypertension, obesity 

and dislipidemia which along with increase in the 

mental stress has further aggravated the problem. 

American heart association has designated DM as a 

major risk factor for the development of cardiovascular 

disorders.7 One of the complication is cardiac 

autonomic neuropathy which can remain asymptomatic 

for a long time.13 Patients may present with symptoms 

like resting tachycardia, loss of sinus arrhythmia, 

impaired valsalva manouvre, postural hypotension 

exercise intolerance, early fatigue and weakness, 

lightheadedness and syncope. 

Since ANS prepares the body for the anticipated 

somatic and visceral requirements.5 In 

absence/disorders of ANS the ability to adapt to 

environmental stressors and challenges gets severely 

compromised.6 Evaluation of ANS is therefore widely 

used to assess the sympathetic and parasympathetic 

balance and diagnose many clinical conditions by the 

use of simple non invasive bed side provocative 

maneuvers like deep breathing test, isometric hand grip 

test, valsalva maneuver, cold pressor test, which are 

reliable and reproducible. These simple test can be used 

to identify the high risk group (although they may be 

asymptomatic) so as to make timely interventions in 

them. This will help to curb the incidence of diabetes 

and also help prevent serious complications like 

coronary heart disease, stroke, cardiac autonomic 

neuropathy, nephropathy, and retinopathy.  
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Therefore the aim of our study was to evaluate the 

impact of parental T2DM on the cardiac autonomic 

functions of the non diabetic off-springs and to 

establish whether autonomic dysfunction is present. 

 

Materials and Methods 
The study was conducted in the department of 

Physiology SSIMS and RC, Davangere, after the 

approval of the institutional ethical committee, on 100 

subjects. The study was initiated in December 2012 and 

completed in June 2014. Total of 50 non diabetic 

offsprings of diabetic parents (cases) and 50 non 

diabetic offsprings of non diabetic parents (controls) of 

age group 18-25 years were enrolled in the study. 

Inclusion Criteria: Non diabetic off springs of diabetic 

parents in the age group of 18 -25 years were taken as 

cases and their age and gender matched healthy subjects 

with no family history of diabetes were taken as 

controls. 

Exclusion Criteria: Subjects with history of diabetes, 

hypertension, congenital heart disease, smoking alcohol 

or substance abuse and with history of any medications 

that could influence cardiovascular and respiratory 

systems were excluded from the study. 

The study protocol was explained and informed 

written consent was obtained from the study 

participants. Detailed personal, medical and family 

history including history of parental diabetes was taken. 

Menstrual history in case of females was taken. Height, 

weight, hip and waist circumference, hip waist ratio 

were measured was measured. All recordings were 

done in the morning between 8 am and 10 am with 

controlled temperature and humidity. Subjects were 

instructed to avoid tea /coffee in the morning. They 

were made familiar with the tests and resting 5 minute 

lead II ECG and Heart Rate (HR) were recorded by AD 

instruments - power lab 26T, Australia (Serial number 

T26-2756, model number ML856 and a battery of six 

autonomic tests was performed. Parasympathetic 

functions were assessed using basal heart rate, heart 

rate response to deep breathing and standing. 

Sympathetic functions were assessed by isometric 

handgrip test, cold pressor test, blood pressure response 

to standing. Valsalva maneuver is used to assess both 

sympathies and parasympathetic components. 

Heart rate Response to Deep Breathing: Resting 

ECG and baseline Heart Rate (HR) were recorded. 

Subjects were asked to breathe deeply at the rate of 6 

breaths per minute, allowing 5 seconds each in 

inspiration and expiration. The maximum and minimum 

heart rates during each breathing cycle were measured 

and the mean of the differences during three successive 

breathing cycles were taken to give the maximum-

minimum heart rate variation. Maximum minimum 

heart rate variation during deep breathing > 15 

beats/minute is normal, 11-14 beats/minute is 

borderline and <10 beats/minute is considered to be 

abnormal.14-16  

Heart Rate Response to Valsalva Manoeuvre: 

Valsalva manoeuvre is described as forced expiration 

against closed glottis.6 Subjects nose was clipped by a 

nose clip and they were instructed to hold the mouth 

piece between teeth and lips, the other end of which 

was attached to a manometer. Baseline HR and Blood 

Pressure (BP) were recorded. The subjects were asked 

to blow into the mouth piece maintaining a pressure of 

40 mm of Hg for 15 seconds. The HR normally 

increases during maneuver, followed by rebound 

bradycardia after the release. Procedure was repeated 

thrice. Valsalva ratio was taken as the mean of three 

successive readings. Valsalva Ratio (VR) is defined as 

the ratio of the longest R-R interval shortly after the 

maneuver to the shortest R-R interval during the 

maneuver. VR >1.21 is considered normal, between 

1.11-1.20 is borderline and < 1.10 is abnormal.14-19 

Diastolic Blood Pressure Response to Isometric 

Hand Grip Test: After recording the base line BP 

subjects were asked to hold the hand grip dynamometer 

in the dominant hand and compress the hand with 

maximum efforts. Procedure was repeated thrice and 

mean of the three readings which is called maximum 

isometric tension (Tmax) was taken. Subjects were then 

asked to maintain a pressure of 30% of T max for 5 

minutes. BP was recorded over the non exercising arm 

just before the release. The difference in the diastolic 

BP recorded just before the release of handgrip and the 

baseline was taken as the measure of the response. 

Variation in diastolic BP >16 mm of Hg is normal, 

11—15 mm of Hg is boderline, and < 10 is 

abnormal.14,16  

Blood Pressure and Heart Rate Response to Change 

in Posture: Subjects were asked to lie supine on the 

couch for 15 minutes with sphygmomanometer and 

ECG leads attached. Resting ECG (lead II), baseline 

HR, resting BP were recorded. Subjects were asked to 

stand and continuous ECG recording was done for 3 

minutes. BP was recorded at 1 minute and 3 minutes 

after standing. HR at 15th and 30th beat after standing 

was noted to calculate 30:15 ratio. 30:15 ratio is the 

ratio of the longest R-R interval occurring about 30 

beats after standing to the shortest R-R interval which 

occurs about 15 beats after standing. Immediate heart 

rate response to standing (30:15 ratio) >1.04 is normal, 

1.01-1.03 is borderline and < 1.00 is abnormal. Fall in 

systolic BP <10 mm of Hg is normal, 11-29 is 

borderline and >30 mm of Hg is abnormal.14,16,20,21  

Blood Pressure Response to Cold Pressor Test: After 

recording the baseline BP subjects were asked to 

immerse their non dominant hand in ice cold water 

(40C) for 2 minutes. BP was recorded in the other arm 

at the end of two minutes and then compared with the 

baseline BP. The change in BP was then taken as the 

measure of the response.18,22-24 Normal responses 

consists of increase in the Systolic BP (SBP) by 20 mm 

of Hg and Diastolic BP (DBP) by 10 mm of Hg. 
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Statistical Analysis: The data was analyzed using 

students unpaired t test. 

 

Result 

 
 

 

 

 

Table 1: Anthropometrical parameters 

Anthropometrical parameters Controls Cases P value 

 Mean +SD Mean +SD  

Height (cm) 165.08+8.60 166.82+10.98 0.38 

Weight (kg) 60.52+9.84 65.5+10.69 0.17 

Hip Circumference(cms) 31.40+4.31 36.14+4.95 <0.001*** 

Wasit Circumference (cms) 27.22+4.01 31.82+4.46 <0.001*** 

Hip: Waist ratio 1.15+0.08 1.14+0.11 0.43 

* p<0.05, ** p < 0.01, ***p <0.001 

 

Table 2: Baseline cardiovascular (CVS) parameters 

Baseline CVS parameters Controls Cases P value 

 Mean +SD Mean +SD  

HR (bpm) 68.50+4.01 72.70+2.84  <0.01** 

SBP (mm of Hg) 119.20+11.52 121.32+11.18 0.35 

DBP (mm of Hg) 74.56+5.82 76.60+8.63 0.16 

RBS  130.36+7.55 138.80+8.94 <0.001*** 

* P < 0.05,** p < 0.01, ***p <0.001 

 

Table 3: Effect of posture on heart rate 

Heart rate response Mean +SD Mean +SD  

Basal HR 68.50+4.01 72.70+2.84 <0.001*** 

Maximum Minimum HR ratio  1.13+1.43 1.17+2.08 0.002** 

* p < 0.05,** p < 0.01, ***p <0.001 

 

Table 4: Comparison of VR amongst cases and controls 

VR Controls Cases P value 

 Mean +SD Mean +SD  

VR 1.55+0.28 1.33+0.19 <0.001*** 

 * P < 0.05,** p < 0.01, ***p <0.001 

 

Table 5: Comparision of response to cold pressor test amongst cases and controls 

BP response to CPT Controls Cases P value 

 Mean +SD Mean +SD  

Baseline SBP 116.96+13.43 117.72+19.54 0.81 

DBP Baseline 71.64+5.20 75.36+8.43 0.09 

SBP after release 120.84+11.76 121.92+11.99 0.65 

DBP after release 74.28+6.41 77.72+7.92 0.01** 

 * p < 0.05,** p <0.01, ***p <0.001 
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Graph 1: Comparison of DBT amongst cases and controls 

 
 

Discussion 
Parasympathetic functions were assessed using the 

following tests.25,26 Basal HR, HR response to deep 

breathing test (DBT), Valsalva manoeuvre and to 

standing(30:15 ratio) Sympathetic functions were 

assessed by.25,26 IHGT, CPT, BP response to standing, 

HR response to Valsalva manoeuvre. 

Table 2 shows basal HR was higher in the cases 

when compared to the controls. This is in accordance 

with the previous studies.27,28 Basal HR is an index of 

vagal tone therefore increased HR implies decreased 

vagal tone and increased basal HR is associated with 

increased cardiovascular risk.  

Table 3 increased maximum minimum HR ratio in 

the cases (p<0.002) indicates a decreased vagal tone in 

them when compared to the cases. Similar findings 

were confirmed by Gopal Krushna Pal et al in their 

study also.28 

Graphs 1and Table 4 show statistically significant 

decrease in HR variation to DBT and VR amongst the 

cases when compared to the controls (p-0.004 and 

0.001 respectively). This finding is in accordance with 

the previous studies.27-29 Although study by Sangeeta 

tuppad et al have given similar results but they were not 

found statistically significant. Decrease in HR variation 

in response to DBT and VR indicates decreased vagal 

activity. 25 

Table 5 shows the rise in DBP was more in the 

cases than in the controls (p-0.01) 

BP response to standing and IHGT: These tests are 

used to assess the sympathetic activity. DBP at 1 

minute shows a significant difference between cases 

and controls. In IHGT, results show an increase in the 

SBP after release of the hand grip dynamometer in 

cases when compared to the controls but this was not 

statistically significant. Also DBP of both the groups 

did not show any change. But previous studies have 

shown statistically significant differences between the 

two groups.27,28 Inconclusiveness of this test in our 

study could be attributed to the lack of sensitivity due to  

 

the manual measurement of BP by mercury 

sphygmomanometer in contrast to the automatic BP 

monitor used in the other studies. 

Exact mechanism of causation of sympathetic over 

activity is still not known. But it has been postulated 

that impaired nitric oxide synthesis could lead to 

sympathetic over activity and a state of insulin 

resistance. This predisposes an individual to a greater 

risk of hypertension, atherosclerosis and acute 

cardiovascular events. 

Overall our study revealed a state of 

sympathovagal imbalance in the cases as compared to 

the controls. This was inferred from an increased 

sympathetic and a decreased parasympathetic activity in 

the cases when compared to the controls. The increased 

sympathetic activity in the offsprings of diabetic 

parents could be attributable to obesity, insulin 

resistance and a state of hyperinsulinemia. Vagal 

withdrawal and sympathetic over activity can increase 

an individual’s risk of developing T2DM, hypertension, 

atherosclerosis, cardiovascular accidents and even a 

premature death. Impaired cardiovagal functions may 

increase the cardiovascular morbidity and mortality. 

Therefore, an early detection of risk factors associated 

with metabolic syndrome / DM is needed for 

implementation of appropriate preventive measures in 

the high risk groups. 

 

Conclusion 
Our study revealed a state of sympathovagal 

imbalance in the cases as compared to the controls. This 

was inferred from an increased sympathetic and a 

decreased parasympathetic activity in the cases when 

compared to the controls. The increased sympathetic 

activity in the offsprings of diabetic parents could be 

attributable to obesity, insulin resistance and a state of 

hyperinsulinemia. Vagal withdrawal and sympathetic 

over activity can increase an individual’s risk of 

developing T2DM, hypertension, atherosclerosis, 

cardiovascular accidents and even a premature death. 



Mehak Mufti et al. Evaluation of cardiac autonomic functions of….. 

Indian Journal of Clinical Anatomy and Physiology, July-September, 2018;5(3):389-393 393 

The modern westernized lifestyles can further aggravate 

the risk in the genetically predisposed population. 

Impaired cardiovagal functions may increase the 

cardiovascular morbidity and mortality. Therefore, an 

early detection of risk factors associated with metabolic 

syndrome/DM is needed for implementation of 

appropriate preventive measures in the high risk groups. 

This study emphasizes on the usefulness and cost 

effectiveness of the conventional cardiac autonomic 

function tests in detecting the subtle/subclinical changes 

in the clinically asymptomatic cases. 

 

Limitation 
We did not estimate the plasma insulin levels and 

insulin resistance as on that basis subjects can be 

subdivided into insulin resistant and insulin sensitive 

groups which would establish the role of insulin 

resistance on cardiac autonomic functions. 
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