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INTRODUCTION

Diabetes Mellitus is a disease of  multifactorial origin. This 
heterogeneous disorder is associated with high mortality 
rate, specifically from cardiovascular complications.1-3 
These cardiovascular complications frequently results from 
autonomic neuropathy.4 Out of  the many tools of  assessment 
for cardiac autonomic functions, heart rate recovery is an 
easy to measure tool to find a reduced parasympathetic 
activity.5-6Attenuated heart rate recovery after a maximal 
exercise test is an independent predictor of  mortality in healthy 

adults as well as for those who are referred for diagnostic 
testing.7 This finding is independent of  the workload achieved 
during exercise test, presence or absence of  myocardial 
perfusion defects and changes in heart rate during the exercise. 
Some recent studies have reported that fasting plasma glucose 
is strongly and independently associated with abnormal HRR 
in non-diabetic levels.8 Framingham heart study have reported 
an association between reduced heart rate variability and 
sympathetic-parasympathetic imbalance in adults with diabetes 
as well as in adults of  impaired fasting glucose.9-10 The high risk 
of  type 2 diabetes mellitus in the first degree relatives indicates 
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Background: Off springs with a parental history of type 2 diabetes mellitus are genetically 
susceptible to develop diabetes. In some recent reports it has been shown that these 
vulnerable population exhibit altered autonomic activity even before the manifestations of 
disease. Autonomic dysfunction might be the initial cardiac pathology in subclinical type2 
diabetes. Till now very few studies have been done to find out the early outcomes of this 
genetic transmission. Keeping in view of the above facts, the current study was carried out 
to find out the association between autonomic dysfunction and parental history of diabetes.
Aim and Objectives: This study was aimed to quantify and compare the difference (if any) 
of heart rate recovery in response to 3minute step test between the young non diabetic 
children of non-diabetic and diabetic parents. Materials and Methods: Fifty-one non diabetic 
students were divided into two groups. One group comprised of students with parental 
history of type2 diabetes mellitus and another group with students without parental history 
of diabetes. Each student was subjected to 3minute Master step test. Recordings of heart 
rate were made before and after exercise. Heart arte recovery (HRR) in 1 minute (HRR1) as 
well as in 2, 3 and 4 minute (HRR2,HRR3, HRR4) were recorded and analyzed. Results: The 
resting (basal) as well as 1stminute heart rate recovery (HRR1) was not significantly different 
between the two groups. Likewise, the 2nd minute HRR (HRR2), 3rd minute HRR (HRR3) 
and 4th minute HRR (HRR4) respectively were also not significantly different between the 
two groups. Conclusion: This study concludes that there is no difference in the heart rate 
recovery in response to the exercise stress test between the young non diabetic children of 
non-diabetic and diabetic parents. Therefore, parental history of diabetes does not have any 
impact on the cardiovascular autonomic activity before the disease manifestation.
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that there is an inherited susceptibility to develop this disease.11 

Genetic studies have reported the important roles played by 
genes in the development of  type 2 diabetes mellitus.12 Recent 
reports have stated that a significant difference of  heart rate 
recovery exists between the young healthy adults of  diabetic 
and non-diabetic parents.13 Very few studies have been done 
so far to find out the early outcomes of  cardiac effects in 
genetically predisposed young healthy adults of  diabetic 
parents. Keeping a view of  these above facts, the following 
study was planned to find the presence of  any autonomic 
dysfunction in non-diabetic healthy adults of  diabetic parents 
by a comparison of  heart rate recovery between the young 
healthy off  springs of  diabetic and non-diabetic parents.

MATERIALS AND METHODS

The study was done in the Department of  Physiology of  
COMS, Bharatpur from January to February 2020. The 
study group comprised of  a total 51 healthy students 
of  19-22year age group from 1st, 2nd  MBBS and BDS 
as well as 1st  year Nursing curriculum. The participants 
were divided into two groups. One group consist of  the 
students having a parental history of  diabetes with a single 
or both parents suffering from diabetes (DP), while another 
group was having students without a parental history of  
diabetes (NDP). They were non-diabetic, not having any 
cardiovascular diseases and not taking any type of  over the 
counter or prescription medication or supplements affecting 
glucose homeostasis as well as cardiovascular system. On 
the day of  the study participants were instructed to report 
to the laboratory having abstained from alcohol, caffeine 
or any type of  strenuous activities for the preceding 24 
hours. Weight, height and resting heart rate as well as blood 
pressure were recorded after a 5 minutes of  rest. With the 
help of  a metronome, 3 minutes Master step exercise was 
conducted. The participants were instructed to come out of  
the exercise maneuver in the events of  feeling any types of  
discomfort. Heart rate was recorded just after the exercise 
as well as 1, 2, 3 and 4 minutes after exercise in a sitting 
posture. Heart rate recovery index (HRRI) was calculated by 
subtracting maximum heart rate achieved just after exercise 
by the heart rate measured in 1st, 2nd, 3rd, and 4th minute of  
exercise. The relevant statistical analysis was done with SPSS 
Statistical Package. All the data were expressed as mean±SD. 
Pearson’s correlation test was performed to determine the 
association between HRR and study variables. The p<0.05 
was considered statistically significant.

RESULT

Statistical analysis was done and analysis were tabulated. 
Table 1 depicts the demographic and clinical parameters 
of  the study groups. There was no statistically significant 

(p˃0.05) differences among the study groups regarding 
age and BMI. Table 2 shows the comparison of  resting pre 
exercise heart rate and different post exercise heart rates 
between the two groups. The result showed no significant 
difference (p˃0.05) in all types of  heart rates between the 
study groups. For each group when mean heart rate is 
compared between periods (i.e. within groups) in Table 3, 
significant difference was present and even after 4th minute 
post exercise the heart rate was significantly different from 
resting heart rate. This shows that the heart rate didn’t come 
back to normal even after 4th minute of  post exercise in both 
groups. Comparison of  heart rate heart rate recovery index 
(Table 4) between the two groups also showed no statistical 
significant difference. This reflects the fact that the pattern 
of  heart rate recovery in both the groups are remaining same.

DISCUSSION

The role of  genetics for predisposition in type 2 diabetes has 
been suggested by many studies in which first degree relatives 

Table 1: Baseline characteristics of two groups 
(Mean±SD)
Characteristics DP NDP p-value
Age (Years) 19.89±0.49 20±1.08 0.643
BMI  (kg/m2) 22.54±5.36 20.72±2.3 0.138
Gender    

Male 5(38.5) 8(61.5) 0.168
Female 213(60.5) 15(39.5)

Table 2: Pre and post exercise heart rate 
(Mean±SD) of two groups
Periods Heart rate DP NDP p-value
Pre-exercise RHR 97.92±14.88 98.69±19.34 0.877
Post exercise Peak HR 162.14±15.35 161.3±19.98 0.883

HR1 134.78±18.07 133.82±21.58 0.866
HR2 122±15.69 124.08±19.93 0.685
HR3 116.64±15.51 119.04±18.76 0.626
HR4 113.78±15.49 114±17.466 0.964

Table 3: Comparison between two groups with 
respect to the mean heart rate between the periods
Comparison DP(p value) NDP(p value)
RHR vs Peak HR <0.001 <0.001
RHR vs HR1 <0.001 <0.001
RHR vs HR2 <0.001 <0.001
RHR vs HR3 <0.001 <0.001
RHR vs HR4 <0.001 <0.001
Peak HR vs HR1 <0.001 <0.001
Peak HR vs HR2 <0.001 <0.001
Peak HR vs HR3 <0.001 <0.001
Peak HR vs HR4 <0.001 <0.001
HR 1 vs HR 2 <0.001 <0.001
HR 2 vs HR3 <0.001 <0.001
HR 3 vs HR 4 .005 .002



Bagudai and Upadhyay: Diabetes mellitus and genetics

Asian Journal of Medical Sciences | May-Jun 2020 | Vol 11 | Issue 3	 69

of  type 2 diabetic patients have shown to have enhanced 
sympathetic flow and an attenuated parasympathetic 
function.14,15 Decreased Heart rate recovery after a maximal 
exercise test is a predictor of  mortality in healthy adults and 
in those referred for diagnostic testing. These findings are 
independent of  workload achieved during the test, presence 
or absence of  myocardial perfusion defects and changes in 
heart rate during the exercise test. A recent study by Panzer 
et al reported that fasting plasma glucose is strongly and 
independently associated with abnormal heart rate recovery 
even at non diabetic levels.8 Likewise the Framingham 
Heart study have shown reduced heart rate variability and 
sympatho-vagal imbalance in adults with diabetes and 
impaired fasting glucose.10,16 Expecting a greater outcome of  
HRR in patients with diabetes because of  known association 
of  diabetes with autonomic dysfunction we took the HRR 
as our parameter of  assessment. In our study, using heart 
rate recovery we could not find any statistically significant 
difference in the heart rate at rest as well as at different 
regular intervals of  post exercise duration. There was also no 
significant difference in the recovery pattern of  post exercise 
heart rates between the healthy young adults of  diabetic and 
non-diabetic parents. Contrary to our findings, in a same 
type of  work Sikarwar et al has found a significant difference 
of  post exercise heart rates between the two groups.13 The 
findings of  the current work concurs with the reports of  
Neves et al and Bajaj et al in which by taking the heart rate 
variability parameter, they have found that family history 
of  type  2 diabetes mellitus, in absence of  concomitant 
metabolic disorders, does not impair the sympatho vagal 
balance.17-18 But other studies where again the same heart 
rate variability parameter was taken for comparison between 
the two groups, no significant association was found.14,15

These contradictory findings of  recent studies indicate 
that there are no predictable changes in cardiovascular 
autonomic function as measured by HRR or HRV among 
the euglycemic young adults with a parental history of  
diabetes. One of  the mechanism of  autonomic dysfunction 
in the first degree relatives of  type 2 diabetics has been 
shown as the familial tendency of  the hyperinsulinemia 
with insulin resistance.19 The insulin resistance state 
develops under a background environment of  higher 
BMI which predisposes to obesity. Increased adiposity in 
obesity leads to a higher fatty acids in circulation which 

leads to the development of  insulin resistance indirectly 
by enhancing sympathetic activity as well as activation of  
hypothalamo-pituitary adrenal axis.20 Fiorentini et al has 
hypothesized from his study that autonomic disturbance 
in vulnerable population can develop independent of  
insulin resistance.21 He also added that this imbalance 
get more pronounced with the development of  insulin 
resistance. In the above two significant hypotheses, insulin 
resistance was considered as the background mechanism 
for development of  an overt autonomic imbalance. Since 
in our study the autonomic imbalance is lacking in the 
genetically predisposed study group, we infer that our 
genetically susceptible study group are of  normal BMI and 
insulin resistance is lacking in them for an overt expression 
of  autonomic imbalance.

CONCLUSION

From the observation of  our study, it could be concluded 
that as such parental history of  type 2 diabetes mellitus 
does not have a significant impact on the cardiovascular 
autonomic activity. In the genetically susceptible healthy 
young adults, a background environment of  higher BMI 
is necessary for the autonomic sympatho vagal imbalance. 
Further since these genetically predisposed population is 
also prone to develop obesity, follow up study at a later age 
of  life may provide a better understanding of  the alterations 
of  cardiovascular autonomic activity.

LIMITATIONS OF THE STUDY

The major limitation of  the present study was the small sample 
size of  the study population. Inclusion of  other confounding 
factors like diet, sodium and carbohydrate intake, physical 
activity would have given a better conclusion to the study. 
Similarly, other and more accurate autonomic assessments like 
estimation of  plasma catecholamine and urinary catecholamine 
metabolites could have been done and compared with to find 
a more comprehensive and better conclusion.

REFERENCES

1.	 Coutinho M, Gerstein HC, Wang Y and Yusuf S. The relationship 
between glucose and incident cardiovascular events. 
A metaregression analysis of published data from 20 studies of 
95,783 individuals followed for 12.4years. Diabetes Care1999; 
22:233-240. 

	 https://doi.org/10.2337/diacare.22.2.233
2.	 Balkau B, Shipley M, Jarrett RJ, Pyorala K, Pyorala M, Forhan A, 

et al. High blood glucose concentration is a risk factor for 
mortality inmiddle-aged nondiabetic men. 20-yearfollow-up 
in the Whitehall Study, the Paris Prospective Study, and the 
Helsinki PolicemenStudy. Diabetes Care1998; 21:360-367. 

	 https://doi.org/10.2337/diacare.21.3.360

Table-4: Comparison of Heart Rate Recovery 
Index between the two groups
HRRI (heart rate 
recovery index)

DP NDP p-value

HRRI1 27.35+9.72 27.56+12.73 0.94
HRRI2 40.14+14.92 37.30+14.81 0.5
HRRI3 45.5+12.93 42.34+14.8 0.42
HRRI4 48.35+14.35 47.39+17.24 0.82



Bagudai and Upadhyay: Diabetes mellitus and genetics

70	 Asian Journal of Medical Sciences | May-Jun 2020 | Vol 11 | Issue 3

3.	 Kannel WB, and McGee DL. Diabetes and cardiovascular 
disease. The FraminghamStudy. JAMA 1979; 241:2035-2038. 

	 https://doi.org/10.1001/jama.241.19.2035
4.	 Vinik AI, Holland MT, Le Beau JM, Liuzzi FJ, Stansberry KB and 

Colen LB. Diabetic neuropathies. Diabetes Care1992; 15:1926-
1975. 

	 https://doi.org/10.2337/diacare.15.12.1926
5.	 Imai K, Sato H, Hori M, Kusuoka H, Ozaki H, Yokoyama H, 

et al. Vagally mediated heart rate recovery after exercise is 
accelerated in athletes but blunted in patients with chronic heart 
failure. J Am Coll Cardiol1994; 24:1529-1535. 

	 https://doi.org/10.1016/0735-1097(94)90150-3
6.	 Arai Y, Saul JP, Albrecht P, Hartley LH, Lilly LS, Cohen RJ, et al. 

Modulation of cardiac autonomic activity during and immediately 
after exercise. Am J Physiol 1989; 256 (1Pt2): H132–H141. 

	 https://doi.org/10.1152/ajpheart.1989.256.1.H132
7.	 Cole CR, Blackstone EH, Pashkow FJ, Snader CE and Lauer 

MS. Heart-rate recovery immediately after exercise as a 
predictor of mortality. N Engl J Med 1999; 341:1351-1357.

	 https://doi.org/10.1056/NEJM199910283411804
8.	 Panzer C, Lauer MS, Brieke A, Blackstone E and Hoogwerf B. 

Association of fasting plasma glucose with heart rate recovery 
in healthy adults: a population-based study. Diabetes 2002; 
51:803-807.

9.	 Makimattila S, Schlenzka A, Mantysaari M, Bergholm R, 
Summanen P, Saar P, et al. Predictors of abnormal cardiovascular 
autonomic function measured by frequency domain analysis 
of heart rate variability and conventional tests in patients with 
type 1 diabetes. Diabetes Care 2000; 23:1686-1693.

	 https://doi.org/10.1056/NEJM19991028
10.	 Singh JP, Larson MG, O’Donnell CJ, Wilson PF, Tsuji H, Lloyd-

Jones DM, et al. Association of hyperglycemia with reduced 
heart rate variability (the Framingham Heart Study). Am J 
Cardiol 2000; 86:309-312. 

	 https://doi.org/10.1016/S0002-9149(00)00920-6
11.	 So WY, Ng MCY, Lee SC, Sanke T Lee HK and Chan 

JCN.  Genetics of Type 2 DM; HKMJ; 2000(6):69-76.
12.	 Barroso I, Luan J, Middelberg RP, Harding AH,  Franks 

PW,  Jakes  RW,  et al. Candidate gene association study in 
Type  2 Diabetes indicates a role for genes involved in B-Cell 
function as well as insulin action. PLoS Biol 2003; 1: 41-55. 

	 https://doi.org/10.1371/journal.pbio.0000020
13.	 Sikarwar A, Rai R, Gupta VP, Chugh P, Munjal YP and Negi MPS. 

Comparison of Non-Diabetic Young Adults with and without 
Parental History of Diabetes Mellitus for Heart Rate Recovery. 
Indian Journal of Physiotherapy and Occupational therapy 2017; 
11 (3): 187-191. 

	 https://doi.org/10.5958/0973-5674.2017.00101.0
14.	 Iellamo F, Tesauro M, Rizza S, Aquilani S, Cardillo C, Iantorno M, 

et al. Concomitant impairment in endothelial function & neural 
cardiovascular regulation in offspring of type 2 diabetic subject. 
Hypertension 2006; 48:418-423. 

	 https://doi.org/10.1161/01.HYP.0000234648.62994.ab
15.	 Kuppusamy T, Natarajan N, Sathiyaseelan M, Kushallapa JA and 

Santhanakrisnan N. A study of heart rate variability among non-
diabetic offspring of type 2 diabetic parents. National Journal of 
Physiology, Pharmacy and Pharmacology 2018; (6):1-5. 

	 https://doi.org/10.5455/njppp.2018.8.0101313012018
16.	 Makimattila S, Schlenzka A, Mantysaari M, Bergholm R, 

Summanen P, Saar P, et al. Predictors of abnormal cardiovascular 
autonomic function measured by frequency domain analysis 
of heart rate variability and conventional tests in patients with 
type 1 diabetes. Diabetes Care 2000; 23:1686-1693. 

	 https://doi.org/10.2337/diacare.23.11.1686
17.	 Neves FJ, Bousquet-Santos K, Silva BM, Soares PP and 

Nobrega AC. Preserved heart rate variability in first degree 
relatives of subjects with type  2 diabetes mellitus without 
metabolic disorders. Diabetic Med 2008; 25: 355-359. 

	 https://doi.org/10.1111/j.1464-5491.2007.02364.x
18.	 Bajaj S, Moodithaya S, Kumar S, Mirajkar A and Hallahalli H. 

Hear rate variability in healthy offspring’s with parental history 
of type 2 diabetes mellitus. International Journal of Biological & 
Medical Research 2010;1(4):283-286.

19.	 Cozzolino D, Sessa G, Salvatore T, Sasso FC, Giugliano D, 
Torella R, et al. Hyperinsulinemia in offspring of non-insulin-
dependent diabetes mellitus patients: The role played by 
abnormal clearance of insulin. Metabolism 1995; 44:1278-1282. 

	 https://doi.org/10.1016/0026-0495(95)90029-2
20.	 Benthem L, Keizer K, Wiegman CH, de Boer SF, Strubbe JH, 

Steffens AB, et al. Excess portal venous long-chain fatty acids 
induce syndrome X via HPA axis and sympathetic activation. Am 
J Physiol Endocrinol Metab 2000; 279: E1286-E1293. 

	 https://doi.org/10.1152/ajpendo.2000.279.6.E1286
21.	 Fiorentini A, Perciaccante A, Paris A, Serra P and Tubani L. 

Circadian rhythm of autonomic activity in non-diabetic off springs 
of Type 2 diabetic patients. Cardiovasc Diabetol 2005;4:15.

Authors Contribution:
SB- Concept and design of the study, collected data and review of literature, manuscript preparation, critical revision of the manuscript, drafting of manuscript; 
HPU- Statistical analysis, Interpretation of data and review of study.

Work attributed to: 
Department of Physiology, College of Medical Sciences & Teaching Hospital, Bharatpur, Chitwan, Nepal.

Orcid ID:
Dr. Satyajit Bagudai -   http://orcid.org/0000-0002-6165-9314

Source of Support: None, Conflicts of Interest: None.

https://doi.org/10.1016/0735-1097(94)90150-3
https://doi.org/10.1016/S0002-9149(00)00920-6
https://doi.org/10.1016/0026-0495(95)90029-2

