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1. Introduction

Children with parental history of diabetes have inherited susceptibility to develop diabetes. It 
has been shown that patients with type 2 diabetes mellitus (T2DM) exhibit altered autonomic 
activity of cardiovascular system. But a very few studies have shown early outcome of genetic 
transmission on cardiac autonomic activity among   healthy offsprings with parental history of 
T2 DM. The present study aimed to compare cardiac autonomic activity between the healthy 
offsprings of with and without parental history of T2 DM. 96 healthy subjects, between the age 
group of 18-25 years were studied. Cardiac autonomic activity was assessed by measuring   
spectral analysis of Heart Rate Variability (HRV). The spectral components like high frequency 
(HF), low frequency (LF) in absolute and normalized power were considered for analysis 
which reflects cardiac vagal and sympathetic activity respectively. In addition, the total power 
(TP) and LF/HF ratio were also considered for the analysis. Mann-Whitney U test was applied 
to compare the cardiac autonomic modulation between the two study groups. Results of the 
study showed that there was no significant difference in HF and LF when expressed in both 
absolute and normalized units. The ratio of LF/HF, surrogate of sympathovagal balance was 
higher among subjects with parental history diabetes, however, statistically not significant.   
This study concludes that the parental history of diabetes does not have impact on 
cardiovascular autonomic activity in offsprings between the age group of 18-25 years. Further, 
increasing trend of sympathovagal balance among offsprings of diabetic parents as compared 
to subjects without parental history of diabetes indicates that follow up study might provide 
better understanding of alterations in cardiovascular autonomic activity in same subjects at 
later stages of their life. 

Diabetes mellitus is a chronic heterogeneous disorder 
characterized by chronic hyperglycaemia owing to combination of 
insulin resistance and changed insulin secretion [1]. It is a complex 
disorder that develops as a result of interplay between the genetics 
and environmental factors and prognosis may depend on the 
genetic load and relevant environmental exposure specific to each 
individual [2].  Type 2 Diabetes Mellitus (T2DM) in relatives 
indicates that some individuals have an inherited susceptibility to 
development of disease & pathogenesis of type 2 diabetes may 
vary among populations [3]. A recent study has confirmed one 

locus and identified four other novel loci that account for 
substantial portion of risk for development of Type 2 diabetes [4].  
Type 2 diabetes aggregates in families, patients with type 2 
diabetes likely to have at least one diabetic parent compared with 
nondiabetic individuals [5]. 

Diabetes is an important risk factor for development of 
cardiovascular & cerebrovascular diseases [6]. Increased risk of 
mortality is strongly associated with the presence of 
cardiovascular autonomic neuropathy in individual with diabetes 
[7]. Interpreted the diminished vagal tone is early manifestation of 
cardiovascular autonomic neuropathy in diabetes, which is shown 
by resting tachycardia and decreased  beat to beat variation at  rest 
and during deep breathing [8].  Longitudinal studies have revealed 
significant correlation between autonomic dysfunction and risk of 
developing type 2 diabetes  [9]. Cardiovascular autonomic 
function has been investigated in offspring's of diabetic parents in 
a few studies. One such study found a global reduction and
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 alteration of circadian rhythm of autonomic activity in offspring of 
type 2 diabetic parents, dysautonomia increases if offsprings are 
insulin resistant [10]. 

Patients with T2DM exhibit altered autonomic modulation of 
cardiovascular system as evidenced by Heart Rate Variability 
(HRV), which is a well known risk factor for cardiac events and 
death [11]. HRV is computer assisted quantification of beat to beat 
fluctuation in heart rate, is a powerful tool for diagnostic & 
prognostic purposes in pathologies such as coronary artery 
disease & diabetes mellitus [12]. Data demonstrated that reduced 
cardiovascular autonomic function as measured by heart rate 
variability is strongly associated with an increased risk of silent 
myocardial ischemia and mortality [13]. Measurement of HRV at 
the time of diagnosis of type 2 diabetes serve to establish a 
baseline, with which 1 year interval tests can be compared . 
Regular HRV testing provides early detection and there by 
promotes timely diagnostic and therapeutic intervention [14].

Many studies have shown that offspring of diabetic parents are 
more likely to develop diabetes, but very few studies have shown 
the effects of genetic transmission. Therefore this study aimed to 
determine the early changes in cardiac autonomic modulation by 
measuring heart rate variability among healthy subjects with 
parental history of type 2 DM.

 In this cross sectional study, a total of ninety six healthy 
subjects, both males and females in the age group of 18-25 years 
were recruited from student population from Medical campus of 
K. S Hegde Medical Academy, Mangalore. Study was performed in 
Department of Physiology; K S Hegde Medical Academy. The study 
group consisted of 46 volunteers with parental history of TDM2 
and control group included 50 volunteers without parental 
history of diabetes.  Subjects with T2DM and hypertension were 
excluded by analysing random blood sugar level and recording 
resting blood pressure. Further, subjects with known history of 
other chronic illness and on any medication were also excluded 
from the study. Ethical clearance was obtained from the Ethics 
committee of the Institute. Informed consent was taken from 
subjects for voluntarily participation in the study.  

As a pre-test assessment, all the participants underwent the 
measurement of anthropometric measures like body mass index   
and waist hip-ratio. To assess body fat, subjects skinfold thickness 
was measured at four sites namely biceps, triceps, subscapular, 
Suprailiac using skinfold caliper.  Body fat was calculated from 
sum of the four skinfold thickness using age and gender specific 
equation (Durnin1974).    Physical activity level PAL is assessed 
using validated physical activity questionnaire which assess 
physical activity patterns over the preceding month. The subjects 
were requested not to participate in any exercise or heavy physical 
activity on the day of test session. They were requested to avoid 
eating a heavy meal before two hours of the test. The subjects 
arrived at the test room 15 minutes prior to the commencement of 
testing procedure, to allow for familiarization with the 
environment and to establish a resting state and procedure was 
explained before the procedure. 

To quantify heart rate, the analog ECG signal recorded using 
lead II in using A/D converter   (Niviqure meditech PVT. LTD). 
After instrumentation, subjects were given 15 minutes mandatory 
rest period. Following which ECG recording was performed 
during which subjects were in supine position, awake and 
normally breathing.  The data so gathered subjected to spectral 
analysis of HRV using Physionet software. ECG signals filtered in 
order to remove high frequency noise & base line drift. Using a R 

wave detector R-R interval versus cumulative time- tachogram 
were plotted. Using a mathematical algorithm Fast Fourier 
transformation power spectral density of HRV was derived.  The 
power were calculated in high frequency (HF) (0.15-0.5 Hz) and 
low frequency bands (LF) (0.04-0.15 Hz). In addition to absolute 
power, the data were also presented as normalized units and 
ratio of low frequency to high frequency (LF\HF) represents a 
measure of sympathovagal balance while total power (TP) 
represents overall autonomic nervous activities. 

Statistical analysis was performed with the SPSS software 
package. Normality of the distribution was assessed with the 
Kolmogorov-Smirnov and Shapiro-Wilk test. Data are expressed 
as Mean ± SEM.  Various variables between two study groups 
were compared using independent t-test.  Mann-Whitney U test 
was applied to compare the cardiac autonomic activity between 
two study groups since the data were not normally distributed. 

a. Data expressed as Mean and SEM
b. Group 1 =  healthy subjects without parental history of diabetes
c. Group 2 = subjects with parental history of diabetes 

 d. * = statistically significant

Table 1 shows subject characteristics and anthropometric 
measures of the study population in two groups. It has shown that 
age, height, weight, BMI, fat% were comparable between the two 
groups. Waist hip ratio is significantly higher (P> 0.05) among the 
offsprings with parental history of diabetes compare to 
offfsprings without parental history of T2DM.. Physical activity 
level and Basal heart rate did not show any difference between 
the study groups. 

Table 2 provides analysis of HRV expressed as high frequency 
power spectrum, low frequency power spectrum, both in 
absolute and normalised values, total power and LF/HF ratio 
obtained for two of the study groups. The result of the study 
showed that LF and HF, did not exhibit any statistically difference 
in absolute and normalized powers of spectral components 
between the study groups. Study indicates (Fig 1.) that the 
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2. Materials and Methods

3. Results

Table 1. Subject characteristics and anthropometric 
measures of the study population in the two groups 

Variables Group 1
(N=50)

Group 2
(N=46)

Age (yrs)

Height (meter)

Weight (kg)

Body Mass Index (kg/m²)

Waist Hip Ratio

Physical Activity Level

Basal Heart Rate (beats/min)

Systolic BP (mm of Hg)

Diastolic BP (mm of Hg)

Random Blood Sugar (mg/100ml)

19.56±0.37

1.66± 0.02

59.04± 2.29

21.47±0.72

0.85±0.01

1.38±0.28

78.25±2.021

112.42±2.47

73.14±1.62

93.66±3.26

19.78 ±0.37

1.67± 0.02

63.28 ±2.29

22.68±0.72

0.88±0.01*

1.43±0.28

76.25±2.021

109.30±2.47

71.35±1.62

94.63±3.23
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sympathovagal balance which is reflected by LF/HF ratio not 
statistically significant, however, offsprings with parental history 
of diabetes have exhibited an increasing trend of LF/HF

 -25yr with the parental history of diabetes. Since physiological 
factors like age,  gender, BMI and  physical activity are some of the 
confounders which influence autonomic nervous activity, in 
present study, the two study groups were matched for age, sex, 
BMI and physical activity level. Despite of BMI was comparable 
between the groups, results of this study showed that the 
offsprings with parental history of diabetes had significantly 
higher waist-hip ratio. Lawerence De Koning et al suggested waist 
hip ratio to be a superior predictor of cardiovascular disease and 
also associated with diabetes and hypertension [15]. Higher waist 
hip ratio obtained among offsprings with parental history of 
diabetes may be an early marker for risk for cardiovascular 
disease. 

Lack of significant difference in spectral components of HRV 
between the groups in current study is concurrent with the 
findings of study by F.J Nerves et al, stating that a family history of 
T2DM, in the absence of concomitant metabolic disorders, does 
not impair resting HRV [16]. However, Hauerslev F. et al have 
shown that non diabetic subjects with parental history T2DM 
have increased prevalence of cardiac autonomic neuropathy 
compared to non-diabetic subjects without parental history of 
T2DM [17]. It has been suggested that first degree relatives of type 
2 diabetic patients have enhanced efferent sympathetic outflow 
[18]. In current study, the LF/HF ratio, which reflects cardiac 
sympathovagal balance was higher among offsprings of T2 DM 
parents though it not statistically significant. Underlying 
explanation for not having significant difference in cardiac 
autonomic activity could be due to the age group of our study 
population, where it is too early to identify the changes. 
Longitudinal studies might reveal the impact of parental history 
of T2DM on cardiac autonomic nervous activity in same subjects 
during later stages of their life.

Parental history of T2DM does have a significant impact on 
cardiovascular autonomic functions activity assessed by HRV in 
the age group of 18-25 years. Follow up study might provide 
better understanding of alteration of cardiac autonomic activity 
among offsprings with parental history of diabetes. 

Autonomic dysfunction as primary pathological factor is 
associated with the increased risk of future diabetes and 
therefore may be an important factor in determining diabetes 
risk. It has been recommended HRV analysis as currently the test 
of choice when using traditional cardiovascular reflex test in 
clinical evaluation of autonomic nervous function and many 
studies have shown that children of diabetic parents are more 
likely to develop diabetes, but very few studies have been done to 
find out early outcome of genetic transmission. Therefore, 
present study attempted to assess the changes in the cardiac 
autonomic activity in healthy offspring's of normal parents and 
healthy offsprings of diabetic parents by assessing HRV. 

The findings of the current study indicate that there are no 
predictable changes in cardiovascular autonomic activity as 
measured by HRV, among the offsprings in the age group of 18

 a. Data expressed as Mean and SEM
b.Group 1 =  healthy subjects without parental history of diabetes
c.Group 2 = subjects with parental history of diabetes  

a. Graph 1 shows LF/HF in the two study groups. 
b. Group 1 = subjects without parental history of diabetes
c. Group 2 = subjects with parental history of diabetes
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