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Abstract Introduction: Type 2 DM has a strong genetic component. Individuals having parents with type 2 DM have an increased 

risk of diabetes; if both parents have type 2 DM, the risk approaches 40%.

electrical and contractile activity of myocardium via interplay of sympathetic and parasympathetic activity. 

nerves of heart are derived from the upper thoracic 5

increases the overall activity of the heart. This is accomplished by increasing both the rate and force of heart contraction.

Amis and Objectives: To study Sympathetic cardiovascular Function Integrity in children with parental 

diabetes mellitus. Materials and Method: 

age group 18 to 25 years. They were first categorized into two groups, control (without parental history of diabetes 

mellitus) and subject (with parental history of diabetes mellitus) .The sample size was 70 in the control group and 70 in 

the subject group. All participants were examined after explaining the study procedure. The cardiovascular tests to 

measure cardiovascular auto

participants before performing on them. 

standing (Orthostasis) test, Hand grip test and QTc inte

for all the parameters. The data was entered using Microsoft Excel (2007). Statistical analysis was done using SPSS 

version 10.The statistical test used were (as per the requirement of the dat

distribution was nearly same in the study and control group.

in study group as compared to control group and the difference was not significant statistically. 

sympathetic activity Orthostasis and Mean QTc interval test showed no statistically significant difference in study and 

control group whereas sustained handgrip test showed statistically significant difference in study and control group. 

Conclusion: Early subclinical sympathetic autonomic neuropathy may develop in children of type 2 diabetic parents 

without the presence of long term hyperglycemia. It could be due to inherited susceptibility genes for sympathetic 

autonomic neuropathy which co
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Type 2 DM has a strong genetic component. Individuals having parents with type 2 DM have an increased 

risk of diabetes; if both parents have type 2 DM, the risk approaches 40%. The autonomic nervous system regulates the 

electrical and contractile activity of myocardium via interplay of sympathetic and parasympathetic activity. 

nerves of heart are derived from the upper thoracic 5 segments of the spinal cord. In gener

increases the overall activity of the heart. This is accomplished by increasing both the rate and force of heart contraction.

To study Sympathetic cardiovascular Function Integrity in children with parental 

s and Method: The study procedure was carried out on healthy volunteer medical students of 

age group 18 to 25 years. They were first categorized into two groups, control (without parental history of diabetes 

and subject (with parental history of diabetes mellitus) .The sample size was 70 in the control group and 70 in 

the subject group. All participants were examined after explaining the study procedure. The cardiovascular tests to 

measure cardiovascular autonomic response were performed. These tests were explained and demonstrated to the 

participants before performing on them. Tests Done For Assessing Sympathetic Activity were Blood pressure response to 

standing (Orthostasis) test, Hand grip test and QTc interval test. The mean and standard deviation (S D) was calculated 

for all the parameters. The data was entered using Microsoft Excel (2007). Statistical analysis was done using SPSS 

version 10.The statistical test used were (as per the requirement of the data). Results: The age distribution and sex 

distribution was nearly same in the study and control group. Mean resting pulse, mean SBP and DBP was slightly more 

in study group as compared to control group and the difference was not significant statistically. 

Orthostasis and Mean QTc interval test showed no statistically significant difference in study and 

control group whereas sustained handgrip test showed statistically significant difference in study and control group. 

Early subclinical sympathetic autonomic neuropathy may develop in children of type 2 diabetic parents 

without the presence of long term hyperglycemia. It could be due to inherited susceptibility genes for sympathetic 

autonomic neuropathy which could be expressed before or even without development of diabetes mellitus.
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INTRODUCTION 
India leads the world with largest number of diabetic 

subjects earning the dubious distinction of being termed 

the “diabetes capital of the world”

comprises a heterogeneous group of hyperglycemic 

disorders. The hyperglycemia is the cons

relative or absolute deficiency of insulin and a relative or 

absolute excess of glucagon. Diabetes is associated with 

late complication involving the eyes, kidneys, nerves and 

blood vessels. It is the leading cause of acute blindness 

and a major cause of renal failure, gangrene, myocardial 

infarction, and stroke.
2 

Type 2 DM has a strong genetic 

component. Individuals having parents with type 2 DM 

have an increased risk of diabetes; if both parents have 
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Type 2 DM has a strong genetic component. Individuals having parents with type 2 DM have an increased 

The autonomic nervous system regulates the 

electrical and contractile activity of myocardium via interplay of sympathetic and parasympathetic activity. Sympathetic 

In general, sympathetic stimulation 

increases the overall activity of the heart. This is accomplished by increasing both the rate and force of heart contraction. 

To study Sympathetic cardiovascular Function Integrity in children with parental history of 

The study procedure was carried out on healthy volunteer medical students of 

age group 18 to 25 years. They were first categorized into two groups, control (without parental history of diabetes 

and subject (with parental history of diabetes mellitus) .The sample size was 70 in the control group and 70 in 

the subject group. All participants were examined after explaining the study procedure. The cardiovascular tests to 

nomic response were performed. These tests were explained and demonstrated to the 

Tests Done For Assessing Sympathetic Activity were Blood pressure response to 

The mean and standard deviation (S D) was calculated 

for all the parameters. The data was entered using Microsoft Excel (2007). Statistical analysis was done using SPSS 

The age distribution and sex 

Mean resting pulse, mean SBP and DBP was slightly more 

in study group as compared to control group and the difference was not significant statistically. While assessing 

Orthostasis and Mean QTc interval test showed no statistically significant difference in study and 

control group whereas sustained handgrip test showed statistically significant difference in study and control group. 

Early subclinical sympathetic autonomic neuropathy may develop in children of type 2 diabetic parents 

without the presence of long term hyperglycemia. It could be due to inherited susceptibility genes for sympathetic 

uld be expressed before or even without development of diabetes mellitus. 
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India leads the world with largest number of diabetic 

subjects earning the dubious distinction of being termed 

“diabetes capital of the world”
1
. Diabetes mellitus 

comprises a heterogeneous group of hyperglycemic 

The hyperglycemia is the consequence of a 

relative or absolute deficiency of insulin and a relative or 

absolute excess of glucagon. Diabetes is associated with 

late complication involving the eyes, kidneys, nerves and 

blood vessels. It is the leading cause of acute blindness 

or cause of renal failure, gangrene, myocardial 

Type 2 DM has a strong genetic 

component. Individuals having parents with type 2 DM 

have an increased risk of diabetes; if both parents have 
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type 2 DM, the risk approaches 40%. Insulin resistance, 

as demonstrated by reduced glucose utilization in skeletal 

muscle, is present in many nondiabetic, first-degree 

relatives of individuals with type 2 DM. The disease is 

polygenic and multifactorial since in addition to genetic 

susceptibility, environmental factors such as obesity, 

nutrition, and physical activity modulate the phenotype. 

Diabetes leads to development of cardiovascular and 

cerebrovascular diseases
3
. Increased risk of mortality is 

strongly associated with the presence of cardiovascular 

autonomic neuropathy in individual with diabetes
4
.
 
The 

autonomic nervous system regulates the electrical and 

contractile activity of myocardium via interplay of 

sympathetic and parasympathetic activity
5
. Sympathetic 

nerves of heart are derived from the upper thoracic 5 

segments of the spinal cord.
 

In general, sympathetic 

stimulation increases the overall activity of the heart. This 

is accomplished by increasing both the rate and force of 

heart contraction. Parasympathetic stimulation causes 

mainly opposite effects i.e. decreased heart rate and 

strength of contraction. To express these effects in 

another way, sympathetic stimulation increases the 

effectiveness of the heart as a pump, as required during 

heavy exercise, whereas parasympathetic stimulation 

decreases heart pumping.
 
Thus the present study was 

conducted in the young healthy individuals with parental 

history of diabetes mellitus to study the cardiovascular 

sympathetic autonomic response.
 

 

AMIS AND OBJECTIVES 
To study Sympathetic cardiovascular Function Integrity 

in children with parental history of diabetes mellitus. 

  

MATERIAL S AND METHOD 
A study was carried out on volunteer medical students in 

the department of physiology in tertiary health care 

institute. After receiving the approval from the 

Committee for Academic Research and Ethics (CARE), 

Medical students of age group 18 – 25 years fulfilling the 

inclusion criteria were included. For the purpose of study 

two groups were formed. 
Group I (Study group): with parental history of diabetes 

mellitus 

Group II (Control group): without parental history of 

diabetes mellitus. 

Following inclusion and exclusion criteria was used to 

select the study subjects. 

 

 

 

Inclusion Criteria 

•••• Students with parental history of diabetes 

mellitus 

•••• General good health as determined by history 

and routine physical examination. 

•••• Both males and females in the age group 18-25 

years were included. 

•••• Individuals who did not have any abnormal 

findings on his/her history and clinical 

examination and who did not complain of any 

symptoms were included. 

Exclusion Criteria 

• Individuals suffering with diabetes mellitus, 

hypertension, known cardiovascular disease, or 

any other known endocrine or known systemic 

disorders. 

• Individuals with acute illness such as respiratory 

tract infection, gastroenteritis. 

• Individuals under any pharmacological 

treatment, drugs, hormones, alcohol ingestion. 

Same inclusion and exclusion criteria were used except 

students without parental history of diabetes mellitus 

were enrolled. Thus by using above mentioned inclusion 

and exclusion criteria total 70 subjects were selected for 

study and control group each. Proper consent was 

obtained from the volunteer individuals before the 

procedure. History taking, general examination and 

systemic examination were done before the procedure. 

And the findings were entered in the prestructured 

profrorma. All the participants were asked to take rest for 

10 minutes in supine position then pulse rate and blood 

pressure was measured by using standard protocol. Three 

readings were taken and the average of the three was 

taken as the resting use rate and blood pressure. The 

cardiovascular tests to measure cardiovascular 

Sympathetic autonomic response were performed. These 

tests were explained and demonstrated to the participants 

before performing on them.  

Tests Done For Assessing Sympathetic Activity 

1. Blood pressure response to standing 

(Orthostasis): 

2. Hand grip test: 

3. QTc interval: 

After performing the tests, the results were calculated by 

measuring the R-R intervals directly from the 

electrocardiogram record. Then the data was entered 

using Microsoft Excel (2007). Statistical analysis was 

done using SPSS version 10. 
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RESULTS 
Table 1: Age and sex distribut

Variable 

Age 

Sex 
Male

Female

 

In the present study it was observed that mean age of the 

participants was 19.29 years in both the group. In control 

group 64.30% were males and 35.70% were females 
 

Table 2: 

 

mean resting pulse 

Mean SBP 111.86

Mean DBP 75.66

 

The mean resting pulse rate was 77.80 beats per minute 

among control group, which was comparable with 78.87 

beats per minute among study group and the difference 

was statistically insignificant (p >0.05). The mean SBP 

among study group was 111.86 ± 7.61 mm of Hg, 

whereas among control group was 110.26
 

Table 3: Distribution according to Sympathetic cardiovascular activity tests

Test Study group

Orthostasis 6.00 ± 2.75

Sustained handgrip 15.01 ± 4.46

Mean QTc interval 0.38 ± 0.01

 

Effect of Orthostasis i.e. blood pressure response to 

standing was within normal range (10 mm of

blood pressure response to standing (orthostasis) was 6.00

± 2.75 mm of Hg among study group whereas 

mm of Hg among control group and the difference was 

statistically not significant (p>0.05). It was observed that 

mean blood pressure in response to sustained handgrip 

was 15.01 ± 4.46 mm of Hg among study group whereas 

18.81 ± 5.08 mm of Hg among control group. The 

difference in the mean blood pressure in response to 

sustained handgrip between both the groups was 

statistically significant (p<0.05). Mean QTc interval was 

0.38 sec among both stud and control group which was 
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Age and sex distribution in study and control group 

Study group Control group Significance 

19.29 ± 1.49 19.29 ± 1.36 Not significant 

Male 40(57.1%) 45(64.3%) 
Not significant 

Female 30(42.3%) 25(35.7%) 

In the present study it was observed that mean age of the 

participants was 19.29 years in both the group. In control 

group 64.30% were males and 35.70% were females 

whereas in study group 57.10% were males and 42.30% 

were female and difference was not statistically 

significant (p>0.05).

Table 2: Distribution according to cardiovascular parameter 

Study group Control group t value P value Significance 

78.87 ± 3.83 77.80 ± 4.20 1.575 0.1175 Not significant 

111.86 ±7.61 110.26 ±7.92 1.22 0.2245 Not significant 

75.66 ± 05.05 74.66 ± 04.32 1.2590 0.2102 Not significant 

beats per minute 

among control group, which was comparable with 78.87 

beats per minute among study group and the difference 

was statistically insignificant (p >0.05). The mean SBP 

± 7.61 mm of Hg, 

110.26 ±7.92 mm of 

Hg and the difference was statistically not significant (p> 

0.05). The mean DBP of study and control group was 

75.66 ± 05.05 mm of Hg and 74.66

respectively and difference observed in these groups was 

statistically not significant (>0.05).

Distribution according to Sympathetic cardiovascular activity tests 

Study group Control group t value P value Significance

± 2.75 6.37 ± 2.95 0.7676 0.444 Not significant

± 4.46 18.81 ± 5.08 4.7031 0.000 Significant

± 0.01 0.38 ± 0.02 0 1.0 Not significant

 

Effect of Orthostasis i.e. blood pressure response to 

standing was within normal range (10 mm of Hg). Mean 

blood pressure response to standing (orthostasis) was 6.00 

among study group whereas 6.37 ± 2.95 

mm of Hg among control group and the difference was 

It was observed that 

in response to sustained handgrip 

among study group whereas 

mm of Hg among control group. The 

difference in the mean blood pressure in response to 

sustained handgrip between both the groups was 

Mean QTc interval was 

0.38 sec among both stud and control group which was 

within normal range (0.35-0.43 sec). The difference in 

mean QTc interval between these groups was statistically 

not significant (p>0.05). 

 

DISCUSSION 
Diabetes Mellitus type 2 is a chronic heterogeneous 

disorder characterized by chronic hyperglycemia owing 

to combination of insulin resistance and changed insulin 

secretion
6
. It is a complex disorder that develops as a 

result of interplay between the genetic and environmental 

factors and prognosis depends on the genetic load and 

relevant environmental exposure specific to each 

Orthostasis Sustained handgrip Mean QTc interval

Sympathetic cardiovascular activity tests

Study group

Control group

8109, Volume 16, Issue 1 2015 

whereas in study group 57.10% were males and 42.30% 

were female and difference was not statistically 

significant (p>0.05).

 

 

 

 

and the difference was statistically not significant (p> 

0.05). The mean DBP of study and control group was 

74.66 ± 04.32 mm of Hg 

and difference observed in these groups was 

significant (>0.05). 

Significance 

Not significant 

Significant 

significant 

0.43 sec). The difference in 

mean QTc interval between these groups was statistically 

is a chronic heterogeneous 

disorder characterized by chronic hyperglycemia owing 

to combination of insulin resistance and changed insulin 

. It is a complex disorder that develops as a 

result of interplay between the genetic and environmental 

factors and prognosis depends on the genetic load and 

relevant environmental exposure specific to each 
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individual
7
. On e of the important risk factor 

cardiovascular autonomic neuropathy is diabetes mellitus 

which is presented by resting tachycardia and beat to beat 

variation even at rest. The present study was conducted to 

evaluate cardiovascular autonomic response in non 

diabetic off springs of diabetic parents and to compare it 

with non diabetic off springs of non diabetic parents. For 

this purpose 70 subjects were selected in subject and 

control group each. In the study participants in both 

control and study group were having same mean age 

(yrs.) i.e.19.29±1.36 and 19.26±1.49 respectively. Male 

participants were 64.3% in control group and 57.1% in 

study group. Female participants were 35.7% in control 

group and 42.3% in study group. The difference in these 

factors among the two groups was statistically not 

significant (P>0.05). Age and gender are the important 

factors influencing sympathetic autonomic nervous 

system activity
8
. Thus the age and sex were matched in 

the present study to prevent the confounding effect. Mean 

blood pressure in response to standing (orthostasis) was 

6.00 ± 2.75 mm of Hg among study group whereas 6.37 ± 

2.95 mm of Hg among control group and the difference 

was statistically not significant (p>0.05). On standing 

peripheral pooling of the blood in the legs causes a fall in 

blood pressure, which is normally rapidly corrected by 

peripheral vasoconstriction. In the patients with 

sympathetic autonomic dysfunction the blood pressure 

falls on standing and remains lower than in the lying 

position. A difference of systolic blood pressure (SBP) 

more than 30 mm Hg between the standing and lying 

position is considered positive for autonomic involvement 
9
. In the present study both groups showed normal 

responses to this test, also it is said that this test becomes 

abnormal only with severe autonomic dysfunction
10,11,12

. 
It was seen that there was significant difference (p<0.05) 

in the handgrip response between control and subject 

group. The mean blood pressure in response to sustained 

handgrip was 15.01 ± 4.46 mm of Hg among study group 

whereas 18.81 ± 5.08 mm of Hg among control group. In 

control group during sustained handgrip exercise, a mean 

rise in blood pressure was ≥16 mm Hg. However in the 

study group rise in blood pressure was found to be 

significantly reduced as compared to control group. 

During handgrip exercise test, sustained muscle 

contraction causes a sharp rise in blood pressure ≥16 mm 

of Hg. due to heart rate dependent increase in cardiac 

output with unchanged peripheral vascular resistance. 

This rise in blood pressure is caused by a reflex arc from 

the exercising muscle to central command and back along 

efferent fibers. The efferent fibers innervate the heart and 

muscle, resulting in increased cardiac output, blood 

pressure, and heart rate. Thus it suggests that the handgrip 

response, a measure of cardiac sympathetic function is 

reduced in the study group. Previous studies done Ewing 

DJ et al
13

, Kashara Y et al
14

 and Khatoon N et al
15

 on 

diabetic patients have shown reduced blood pressure 

response to sustained handgrip similar to present study 

findings. Mean QTc interval was 0.38 sec among both 

stud and control group which was within normal range 

(0.35-0.43 sec). The difference in mean QTc interval 

between these groups was statistically not significant 

(p>0.05). QTc interval may be prolonged in conditions 

like Hypocalcaemia, Acute MI, Hypertrophic 

cardiomyopathy, Hypothermia, cerebral injury, advanced 

AV block, side effect of certain drugs like Quinidine, 

Procainamide, Tricyclic antidepressants and in certain 

congenital diseases like Jarvell- Lange Neilson syndrome 

etc
16

. Previous studies have also observed that there is an 

association between an abnormal QTc interval and 

sudden cardiac death in diabetic patients with severe 

autonomic neuropathy; it may be because of sympathetic 

imbalance, as left efferent cardiac sympathetic fibers 

influence QT interval
17,18,19,20,21

. But in present study as 

the participants were in general good health on 

examination and history taking, QTc interval in both the 

groups was found to be within normal range. As only one 

test out of the total three tests used to study the 

sympathetic cardiovascular Function has abnormal 

finding. According to Ewing and Clarke
 (15) 

the results of 

the above tests can be inferred as mildly abnormal. 
Findings of our study are comparable with the previous 

studies where they found a higher prevalence of cardiac 

autonomic neuropathy in the nondiabetic subjects with 

parental type2 diabetes compared with those without 

parental diabetes
22,23,24,25,26

. Various studies have shown 

that poor control of diabetes associated with the 

progression of sympathetic and parasympathetic 

autonomic neuropathy in a negative way
27,28

. But in our 

study, long term hyperglycemia is not a plausible cause of 

autonomic neuropathy as subjects participated in the 

study were in good health on examination. The 

differences in mean values of the cardiovascular reflex 

tests between nondiabetic children with parental diabetes 

and control are significant even with two groups having 

same mean age. Thus subclinical autonomic neuropathy 

may develop without the presence of long term 

hyperglycemia in family members of type 2 diabetic 

subjects and it is not simply a complication of the 

hyperglycemia in these subjects. The possible reason 

behind is that the inherit susceptibility genes for 

sympathetic and parasympathetic autonomic neuropathy, 

and that these genes could be expressed before or may be 

even without the subject developing diabetes
24

. Studies 

done on genes associated with retinopathy and 

nephropathy identified different loci on chromosomes 

that could affect susceptibility to these complications. 
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Results from studies have shown inherited trait in non 

diabetic family members of patients with type 2 

diabetes
29,30

. These results suggest that genetic factors 

could play a role in the pathogenesis of the features 

known as complications of type 2 diabetes, and they also 

suggest that these features can be present without 

diabetes
24

. Previous studies have also found out that acute 

hyperinsulinemia caused statistically significant changes 

in HRV only in offspring of diabetic patients with the 

insulin resistance phenotype but not in the offspring of 

diabetic patients with the deficient insulin secretion 

phenotype or in the control subject. Thus, insulin– 

resistant state itself could be associated with sensitization 

of the sympathetic autonomic nervous system to 

insulin
31,32

. In parallel to our findings it could also be 

suggested that subclinical autonomic neuropathy may be 

part of a genetic syndrome that includes augmented risk 

for developing cardiovascular disease (CVD), type 2 

diabetes, symptomatic sympathetic autonomic neuropathy 

and hypertension. Whether such development takes place 

could depend on exogenous factors such as nutrition, 

smoking and physical activity
24

. 
 

CONCLUSION 
Thus from the above results and discussion we conclude 

that early subclinical sympathetic autonomic neuropathy 

may develop in children of type 2 diabetic parents 

without the presence of long term hyperglycemia. It could 

be due to inherited susceptibility genes for sympathetic 

autonomic neuropathy which could be expressed before 

or even without development of diabetes mellitus. 

 

REFERENCES 
1. Mohan V, Sandeep S, Deepa R, Shah B, Varghese C. 

Epidemiology of type 2 diabetes: Indian scenario; Indian 

J Med Res 125, March 2007, p 217-230. 

2. Unger RH, Foster DW. Diabetes Mellitus. In: Wilson J, 

Foster D, Kronenberg H, Larsen RP. editors. Williams 

Textbook of Endocrinology. 9th ed. Saunder’s Elsevier; 

1998.p974, 1024-1026. 

3. Ganong WF. Review of Medical Physiology. 21nd ed. 

New York, NY: McGraw-Hill Companies, Inc.; 2005.p. 

607-608. 

4. Freeman R. Cardiovascular autonomic neuropathy. In: 

Dyck PJ, Thomas PK, editors. Diabetic Neuropathy. 2nd 

ed. Philadelphia: W B Saunders; 1999. P 541-554. 

5. Sztajzel J. Heart Rate Variability: a noninvasive 

electrocardiographic method to measure the autonomic 

nervous system. Swiss Med Wkly 2004; 134:p514-522. 

6. Biden TJ, Chisholm DJ. Insulin resistance versus insulin 

deficiency. In: Turtle JR, Kaneko T, Osato S, editors. 

Diabetes in the new millennium. Sydney: Pot Still Press; 

1999. P 161-170. 

7. Korf BR. Genetics in medical practice. Genet Med. 2002; 

4 (6 Suppl.): 10S- 14S. 

8. Matsumoto T, Ushiroyama T, Kimura T. Altered 

autonomic nervous system activity as a potential 

etiological factor of premenstrual syndrome and 

premenstrual dysphoric disorder. BioPyschoSocial 

Medicine 2007; 1:24. 

9. Vinik AI, Mitchell BD. Diabetic autonomic neuropathy. 

Diabetes Care 26: 2003. P 1553–1579. 

10. Ewing DJ, Campbell IW, Clarke BF: The natural history 

of diabetic autonomic neuropathy. Q J Med 49; 1980.P 

95–108. 

11. Ewing DJ: Cardiac autonomic neuropathy. In: Diabetes 

and Heart Disease. Jarret RJ, editor. Amsterdam, the 

Netherlands: Elsevier; 1984; p 99-132. 

12. Ewing DJ: Diabetic autonomic neuropathy and the heart. 

Diabetes Res Clin Pract 30 (suppl.) 1996; S31-S36. 

13. Ewing DJ, Irving JB, Kerr F. Cardiovascular responses to 

sustained handgrip in normal subjects and in patients 

with diabetes Mellitus: A test of autonomic function. 

Clinical Science and Molecular Medicine. (1974) 46, 

p295-306. 

14. Kashara Y, Izawa K, Omiya K, Osada N, Watanabe S. 

Influence of autonomic nerve dysfunction characterizing 

effect of diabetes mellitus on heart rate response and 

exercise capacity in patients undergoing cardiac 

rehabilitation for acute myocardial infarction. Circ J; 70 

(8), 2006.p1017-1025. 

15. Khatoon N, Santhosh kumar B., Hazari M. 

Cardiovascular autonomic neuropathy in patients with 

diabetes mellitus. International Journal of Pharma and 

Bio Sciences. ISSN 0975- 6299; Vol.1/Issue-3/Jul-Sep. 

2010 p1-7. 

16. Schamroth L. An Introduction to Electrocardiography. 

7th Ed. Blackwel Science Ltd.1990; Indian Reprint 

2006.p 28-31. 

17. Bellavere F, Ferri M, Guarinil L, Bax G, Piccoli A, 

Cardone C et al. Prolonged QT period in diabetic 

autonomic neuropathy: a possible role in sudden cardiac 

death?.Br Heart J 1988; 59:p379-83. 

18. Mathur CP, Gupta D. QTc prolongation in diabetes 

mellitus –an indicator of cardiac autonomic neuropathy. 

Journal, Indian Academy of Clinical Medicine; Vol. 7, 

No. 2, April-June, 2006.p 130-2. 

19. Page M, Watkins PJ. Cardiorespiratory arrest and 

diabetic neuropathy. Lancet 1978; i: 14-6. 

20. Pont A, Rushing JL, Kelsay T, Jacobs L. 

Cardiorespiratory arrest and diabetic autonomic 

neuropathy. Lancet 1978; i: p386-7. 

21. Schwartz PJ. Idiopathic long Q-T syndrome: progress 

and questions. Am Heart J 1985; 109: p399-421. 

22. Brown FM, Watts M, Rabinowe SI. Aggregation of 

subclinical autonomic nervous system dysfunction and 

autoantibodies in families with type I diabetes. Diabetes 

40: 1991.p1611-14. 

23. Daad HA, Maha AH, Hanan AK, Maimona MA. A 

possible early alteration of autonomic activity assessed 

by heart rate variability in Saudi offsprings of type2 

Diabetic patients. Saudi Journal of Internal Medicine; 

Vol.1, No.2, 1432H- 2011G, p17-23. 

24. Foss CH, Vestbo E, Frøland A, Gjessing HJ, Mogensen 

CE, Damsgaard EM. Autonomic neuropathy in 

nondiabetic offspring of type 2 diabetic subjects is 

associated with urinary albumin excretion rate and 24-h 



International Journal of Recent Trends in Science And Technology, ISSN 2277-2812 E-ISSN 2249-8109, Volume 16, Issue 1, 2015 pp 01-06 

International Journal of Recent Trends in Science And Technology, ISSN 2277-2812 E-ISSN 2249-8109, Volume 16, Issue 1, 2015                                         Page 6 

ambulatory blood pressure. The Fredericia Study. 

Diabetes. March 2001; 50(3):p630- 636. 

25. Frontoni S, Bracaglia D, Baroni A, Pellegrini F, Perna M, 

Cicconetti E et al. Early autonomic dysfunction in 

glucose-tolerant but insulin- resistant offspring of type 

2diabetic patients. Hypertension 2003; 41: p1223–1227. 

26. Tuppad S, Sanganabasappa H, Aithala M. A study of 

glycaemic status and parasympathetic functions in 

nondiabetic offsprings of type 2 diabetes mellitus. Int 

Journal of Biomedical and Advance Research. 2012; 

03(12):887-890. 

27. Gaede P, Vedel P, Parving HH, Pedersen O. Intensified 

multifactorial intervention in patients with type 2 diabetes 

mellitus and microalbuminuria: the Steno type 2 

randomized study. Lancet.1999; 353: p617– 622. 

28. Toyry JP, Niskanen L, Mantysaari MJ, Lansimies EA, 

Uusitupa MI. Occurrence, predictors, and clinical 

significance of autonomic neuropathy in NIDDM: ten-

year follow-up from the diagnosis. Diabetes 45: 1996. 

P308–315. 

29. Faronato PP, Maioli M, Tonolo G, Brocco E, Noventa F, 

Piarulli F et al. Clustering of albumin excretion rate 

abnormalities in Caucasian patients with NIDDM: the 

Italian NIDDM Nephropathy Study Group. Diabetologia 

40: 1997.p816–823. 

30. Forsblom CM, Kanninen T, Lehtovirta M, Saloranta C, 

Groop LC. Heritability of albumin excretion rate in 

families of patients with type II diabetes. Diabetologia 

42: 1999.P1359–1366. 

31. Laitinen T, Vauhkonen IJ, Niskanen LK, Hartikainen JK, 

Lansimies EA. Power spectral analysis of heart rate 

variability during hyperinsulinemia in nondiabetic 

offsprings of type 2 diabetic Patients. DIABETES, 

Vol.48, June 1999; p1295-1299. 

32. Young JB, Landsberg L. Impaired suppression of 

sympathetic activity during fasting in gold thioglucose 

treated mouse. J Clin Invest 65: 1980.p1086- 1094.

 

Source of Support: None Declared 

Conflict of Interest: None Declared  


