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Abstract Objectives: Aim of the study was to compare the reactivity between the offspring of normotensive parents and 

hypertensive parents. Autonomic functions were compared during rest and during physical stress. Study Design: Study 

was done with 80 subjects divided into two groups of 40 each. Subjects were grouped by the presence of parental 

hypertension ≥5 years. Blood pressure of ≥140/90 mm of Hg was used for classification (WHO Classification). Blood 

pressure of ≤120/80 mm of Hg was used for normotensives. Subjects were all normotensive and were in the age group of 

18-27 years. Autonomic functions and heart rate variability were recorded for the study and compared between both the 

groups. Results: The basal Systolic (P<0.05) and diastolic pressures (P<0.05) and pulse rate (P<0.05) were found to be 

elevated in the study group. Autonomic functions such as heart rate and blood pressure changes during standing (P<0.05), 

cold pressor test (P<0.0001) and Valsalva maneuver (P<0.05) significantly differed between the groups. Heart rate 

variability showed elevated LF/HF Ratio (P<0.0001) and SDNN and RMSSD were decreased in the study groups 

(P<0.05). Conclusion: Heart Rate Variability and autonomic functions testing showed significantly increased 

sympathetic tone and the decreased parasympathetic activity before the onset of hypertension in predisposed individuals. 

This was evidenced by abnormality in basal levels of autonomic functions in rest and during reactivity to the physical 

stress in the subjects. 
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INTRODUCTION 
Hypertension is a known risk factor

1
 for cardiovascular 

disease mortality and morbidity. This along with other 

chronic diseases affects health of people globally.
2
 

Prevalence of hypertension in India and particularly south 

India is found to be increasing according to recent 

studies.
2,3 

As of 2013 32.5% and 30.4% of men and 

women are affected by hypertension in India.
4 

Early 

identification of hypertension is important to prevent the 

development of both the disease and its complications. 

Most of the cardio vascular disease related deaths (>80%) 

are occurring in low and medium income countries.
5
 The 

immediate biological risk factors are hypertension, 

dyslipidaemia and diabetes.
5 

In addition to these 

behavioural risk factors like diet, physical activity and 

tobacco. Globalization, social inequity, poverty, rural to 

urban migration, educational status and cultural norms are 

the causes which influence the behavioural changes There 

is inadequate funding and incentives to control the non-

communicable diseases such as cardio vascular diseases.
6 

This problem is worse in low and medium income 

countries and therefore the mortality due to non-

communicable diseases is high. Availability of easy and 

affordable essential medicines is needed to prevent and 

treat cardio vascular disease.
19

 There is poor availability 

of effective medicines in the low and medium income 

countries. The individual users have to purchase the 

medicines on their own from private sector and it puts a 

heavy financial burden both on society and individuals. In 

India health care costs accounts for about 40% of 
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household income and an adult male is 20% more likely 

to have spent in account of cardiovascular disease.
8 

Increasing the awareness and availability of medicine at 

affordable cost or distribution through public sector is the 

strategy now proposed following the example of treating 

HIV (Human Immunodeficiency Virus) Infection.
9 

Hypertension is characterized by a sustained elevation of 

systemic blood pressure. Heart rate, stroke volume and 

peripheral vascular resistance are the factors influencing 

blood pressure which are controlled by the autonomic 

nervous system.
10

 Autonomic nervous functions in turn 

depend up on gender and genetic factors.
10

 Some studies 

show increased sympathetic and some show decreased 

parasympathetic tone contributing to development of 

hypertension.
11,12 

This study was aimed to see the 

abnormal reactivity of the autonomic nervous system in 

both rest and physical stress such as change in posture, 

temperature and breathing in offspring of hypertensive 

parents. In this study analysis of heart rate variability is 

used to assess the sympathovagal balance in the 

development of hypertension. 

 

MATERIALS AND METHODS 
The study was conducted in the subjects selected from 

students, staff and patients attending the hospital of Sri 

Manakula Vinayagar Educational Trust, Pondicherry. 

Study was conducted in 80 subjects divided into case and 

control groups of 40 each. Study protocol was explained 

to the subjects and informed and written consent was 

taken before the study. Previous study data was used for 

calculating number of subjects needed for the study.
13-16 

Study group (cases) Offspring of Hypertensive 

parents with parental hypertension (Blood pressure 

≥140/90 mm of Hg - WHO Classification
17

) Control 

group (controls) – Offspring of Normotensive parents 

(Blood Pressure ≤ 120/80 mm of Hg) 

Inclusion Criteria 
Age from 18 – 27 years, Male, clinically normal subjects, 

Normotensive, Non-smoker, Non-alcoholic and Parental 

hypertension ≥5 year. 

Exclusion Criteria 

Individuals with existing cardiovascular, respiratory, 

renal or endocrine diseases, obese individuals (BMI ≥ 

30), athletes, hypertensive subjects and subjects with 

history of any drug intake affecting autonomic functions.  

Parameters 

Resting pulse rate and blood pressure were recorded after 

10 minutes of rest in lying posture. Blood pressure was 

taken in both right arm and left arm using mercury 

sphygmomanometer. Blood pressure response to standing 

was measured in left arm of the subject in supine position 

before and after 1 minute of standing. Blood pressure 

response to cold pressor test was recorded in the left arm 

while the right hand is immersed up to wrist for one 

minute in 2-4 degree Celsius water.
18

 Electrocardiogram 

was recorded with RMS Polyrite in standard limb lead II 

for Heart rate response to standing and Valsalva 

maneuver. Minimum R-R interval around 15
th

 beat and 

maximum R-R interval around 30
th

 beat after standing 

from supine position was used for calculating 30-15 ratio.
 

Heart rate response to Valsalva-Weber maneuver
19 

- 

subject was asked to blow in the sphygmomanometer to 

raise the pressure to 40 mmHg and maintain it for 15 

seconds and Valsalva ratio was calculated using the ECG 

recorded during procedure. 

Heart rate variability 
European task force recommendations were followed for 

recording and interpretation of data.
20 

ECG in standard 

lead II configuration was recorded for 5 minutes in supine 

position after 15 minutes of rest in the same position. 

Data acquisition was done by using computerized 

ambulatory ECG system (Niviqure, Bangalore). 1024 

samples per second rate were used for recording and 

analysis. Acquired data was used for processed in HRV 

analysis software, version 1.1, from Biomedical Signal 

Analysis Group, Finland. Time domain and Frequency 

domain analysis were used on the data. Fast Fourier 

Transformation was used for frequency domain analysis. 

Power (n.u) normalized units were used for frequency 

domain of LF, HF and LF/HF ratio. Mean RR, SDNN 

(Standard deviation of all normal R-R intervals), RMSSD 

(Square root of the mean squared differences of 

successive normal to normal intervals) and pNN50 

(Percentage of differences between successive RR 

intervals that are greater than 50 msecs) were used for 

Time Domain analysis. 

Statistical Analysis  
Values were expressed as mean ± SD and Unpaired 

Student‘t’ test was done using SPSS Version 17 for 

comparison between cases and control groups. P values 

less than 0.05 were taken as significant. 

 

RESULTS 
 

Resting pulse rate, systolic and diastolic pressures 

between cases and controls were significantly different 

with p value <0.05. Table: 1 
 

Table 1: Resting Vital Parameters 

Parameters Cases Controls 
P 

value 

Resting pulse rate/ 

minute 
69.45±8.68 65.53±8.45 0.044 

Resting Systolic Blood 

Pressure mm of Hg 
117.25±9.5 111.25±6.41 0.001 

Resting Diastolic Blood 

pressure mm of Hg 
73.15±7.71 68.75±5.01 0.003 
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Blood pressure response to standing Both systolic and 

diastolic blood pressures showed a statistically significant 

difference between the cases and controls P<0.05. Table:2 
 

Table 2: Blood pressure response to standing 

Parameters (Blood 

Pressure in mm of Hg) 
Cases Controls 

P 

value 

Lying down Systolic 117.25±9.50 111.25±6.41 0.001 

1 min after standing 

systolic 
113.50±10.01 108.05±6.60 0.005 

Lying down diastolic 73.15±7.71 68.75±5.01 0.003 

1 min after standing 

diastolic 
83.10±7.30 78.15±7.90 0.005 

 

Blood pressure response to cold pressor test. Blood 

pressure changes were statistically very different with P 

value <0.0001 between the control and case groups in 

cold pressor test. Table: 3 
 

Table 3: Cold pressor test 
Parameters (Blood 

Pressure in mm of 

Hg) 

Cases Controls P value 

Before immersion 

systolic 
118.00±11.01 109.10±7.49 <0.0001 

1 min after 

immersion systolic 
128.05±12.64 118.70±10.90 0.001 

Before immersion 

diastolic 
76.35±7.05 70.45±6.78 <0.0001 

1 min after 

immersion diastolic 
85.30±7.78 78.55±6.34 <0.0001 

 

Heart rate response to standing In heart rate response to 

standing only 30/15 ratio was statistically significant 

between the case and control groups P<0.05. Table: 4 
 

Table 4: Heart rate response to standing 

Parameters Cases Controls 
P 

value 

Maximum R-R interval at 

30
th

 beat in seconds 
0.75±0.135 0.71±0.100 0.098 

Minimum R-R interval at 

15
th

 beat in seconds 
0.53±0.055 0.54±0.096 0.405 

30/15 ratio 1.433±0.203 1.335±0.212 0.038 

 

Heart rate response to Valsalva-Weber maneuver In 

Valsalva maneuver only Valsalva ratio during the 

maneuver was statistically significant P<0.05. Table: 5 
 

Table 5: Heart rate response during Valsalva maneuver 

Parameters Cases Controls 
P 

value 

RR interval in seconds 

after Valsalva maneuver 
0.692±0.106 0.719±0.103 0.258 

RR interval in seconds 

during Valsalva 

maneuver 

0.443±0.087 0.424±0.049 0.184 

Valsalva Ratio 1.586±0.253 1.716±0.288 0.036 

Heart rate variability 

Results were tabulated as Frequency domain and Time 

domain analysis. All of them were statistically different 

between cases and controls P<0.05. Table: 6 and Table: 

97. 
 

Table 6: Frequency Domain analysis 

Parameters Cases Controls P value 

LF normalized unit 57.58±7.05 41.31±7.42 <0.0001 

HF normalized unit 41.87±7.57 58.04±8.42 <0.0001 

LF/HF Ratio 1.43±0.51 0.76±0.21 <0.0001 

 

Table 7: Time Domain analysis 

Parameters Cases Controls P value 

Mean RR (sec) 0.882±0.12 0.935±0.11 0.045 

SDNN (sec) 0.036±0.014 0.503±0.019 0.001 

RMSSD (msec) 33.53±16.45 55.85±24.67 <0.0001 

pNN50 12.93±13.75 32.09±19.82 <0.0001 

 

DISCUSSION 
Around 26% of the world adult population was suffering 

from hypertension according to a study by Kearney et al, 

published in Lancet 2005.
21 

This was projected to 

increase up to 29% of the population by 2025. Which in 

other words around 1.5 billion people will be having 

hypertension by 2025.
21 

Hypertension was associated 

with number of risk factors such as smoking, diet, body 

weight, sedentary lifestyle, age, sex, sodium intake, 

vitamin D intake
22

, potassium intake and family history of 

hypertension.
23 

Gene and gender, race all were associated 

with hypertension.
24

 Interaction between gender and 

genetic causes are not understood fully. Estrogens related 

genes were also found to be involved in regulation of 

blood pressure seems to be one of the causes of gender 

related hypertension.
25 

Chromosomes 6 and 7 were found 

to be associated with hypertension.
26

 Single Nucleotide 

Polymorphisms were found in 3 regions in chromosomes 

6 and 7. All those could be causes genetic association in 

hypertension. Autonomic nervous system is responsible 

for maintaining the homeostasis of perfusion to the 

organs. Both the major divisions of autonomic nervous 

system namely sympathetic and parasympathetic are 

involved in maintaining the homeostasis. Sympatho-

Vagal imbalance was involved with many cardiovascular 

diseases. Sympatho-Vagal imbalance causes stimulation 

of cardiac myocyte growth and vascular remodeling. This 

elevates vascular resistance and changes myocardial 

thickness.
27 

Thus Sympatho-Vagal imbalance was 

involved in pathology of both hypertension and 

cardiovascular diseases. 
Cardio vascular reactivity 

Cardio vascular reactivity is defined as the pattern of 

individual’s hemodynamic responses to behavioral or 

psychological stressors.
28

 It was established to have a 
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predictive role in development of essential hypertension 

and other cardio vascular diseases.
28 
Resting Blood 

Pressure: Offspring of hypertensive parents are found to 

be having higher systolic and diastolic blood pressure 

levels in this present study. The elevation of basal blood 

pressure itself is risk factor for essential hypertension and 

other cardio vascular diseases.
29-32 

The present study also 

showed a significant increase in heart rate in the offspring 

of hypertensive parents. Autonomic function tests:
33 

Autonomic function tests were used widely in clinical 

trials and tests such as blood pressure responses to 

dynamic exercise or stress can be risk marker for essential 

hypertension or cardio vascular disease as established by 

several studies.
34
 Blood pressure response to standing: 

Both diastolic and systolic blood pressures were elevated 

compared to controls in cases when recorded after 1 

minute after standing. This showed an elevated 

sympathetic tone in the study group. The results were 

statistically significant. Cold pressor test: Cold pressor 

test was established as a predictive tool in development of 

hypertension by various studies.
35,36

 In the present study 

the results showed statistically significant increase in the 

sympathetic tone in the cases compared to controls. 

Heart rate response to standing: The 30:15 ratios is an 

index of cardio vagal function. The ratio was elevated in 

cases compared to controls, which was statistically 

significant. Heart rate response to Valsalva maneuver: 

This is also a method for cardio vagal function. The 

Valsalva ratio was significantly different between the 

cases and controls. The ratio was decreased in cases 

compared to control group showing a decreased cardio 

vagal function in the group studied. Heart rate 

variability One of the most established tests for assessing 

the autonomic function.
17  

Frequency Domain Analysis 

LFnu (Low Frequency spectrum of heart rate variability in 

normalized units) indicates the sympathetic activity.
20,37 

In the present study LFnu was very significantly increased 

in the study population compared to the control 

population showing increased sympathetic activity. The P 

value is <0.0001.HFnu (High Frequency spectrum of 

heart rate variability in normalized units) is an indicator 

of parasympathetic activity.
20,37 

In the present study the 

HFnu was very much reduced in cases compared to 

controls. And the data was highly significant (P<0.0001). 

This showed a reduced parasympathetic activity in the 

study population.LF/HF ratio indicates the sympatho-

vagal balance.
20,37 

This ratio was very significantly 

increased in the study population compared to control 

population (P<0.0001). This showed an increase in 

sympathetic tone and decrease in the parasympathetic 

activity in the study group.  

Time Domain Analysis 

SDNN (standard deviation of Normal-Normal interval) is 

used to measure the overall Heart Rate Variability and 

RMSSD (the square root of mean squared distances 

between two successive NN intervals) is used to measure 

the short term components of Heart Rate Variability.
20

 

pNN50 (Percentage of differences between successive 

RR intervals that are greater than 50 msecs) estimates 

high frequency variations of heart rate.
20 

The mean RR 

difference is significantly decreased in the study 

population. That was followed by significant reduction of 

overall Heart Rate Variability in the study population 

indicated by reduction in the SDNN component. RMSSD 

and pNN50 were also very significantly reduced in the 

study population (P<0.0001). Normally vagal tone or 

parasympathetic influence is the dominant force 

regulating the heart rate
35

. The vagal and sympathetic 

components of autonomic nervous control constantly 

interact to control the heart. Under stress or exercise there 

will be reduction in vagal component. Likewise there was 

a circadian component showing higher LF during day and 

higher HF during night.
39,40

 In this study the reduction in 

overall Heart rate variability showed the involvement of 

sympathetic system by increased sympathetic tone or a 

reduction in vagal tone early in the subjects before the 

development of hypertension. Pharmacological treatment 

or therapy for decreasing weight, calorie restriction and 

exercise improves the autonomic function and reduces the 

blood pressure and insulin resistance.
41

 this correlates 

with the present study. Thus autonomic reactivity can be 

used as a predictive tool for development of hypertension. 

 

REFERENCES 
1. O’Donnell CJ, Ridker PM, Glynn RJ, Berger K, Ajani U, 

Manson JE et al. Hypertension and borderline isolated 

systolic hypertension increase risks of cardiovascular 

disease and mortality in male physicians. Circulation 

1997; 95:1132–37. 

2. Mohan V, Deepa M, Farooq S, Datta M, Deepa R. 

Prevalence, awareness and control of hypertension in 

Chennai--the Chennai Urban Rural Epidemiology Study 

(CURES-52). J Assoc Physicians India 2007; 55:326-32. 

3. Zachariah MG, Thankappan KR, Alex SC, Sarma PS, 

Vasan RS. Prevalence, correlates, awareness, treatment, 

and control of hypertension in a middle-aged urban 

population in Kerala. Indian Heart J 2003 May-Jun; 

55(3):245-51. 

4. Gupta R, Deedwania PC, Achari V, Bhansali A, Gupta 

BK, Gupta A et al. Normotension, prehypertension, and 

hypertension in urban middle-class subjects in India: 

prevalence, awareness, treatment, and control. Am J 

Hypertens 2013 Jan; 26(1):83-94. 

5. Fuster V, Kelly BB, Vedanthan R. Global cardiovascular 

health: urgent need for an intersectoral approach. J Am 

Coll Cardiol 2011 Sep; 58(12):1208-10. 

6. Kishore SP, Vedanthan R, Fuster V.Promoting global 

cardiovascular health ensuring access to essential 



Premaraja R, Chandra S 

Copyright © 2015, MedPulse Publications, MedPulse –Journal of Physiology, Volume 1, Issue 1 2015 

cardiovascular medicines in low- and middle-income 

countries. J Am Coll Cardiol 2011 May; 57(20):1980-7. 

7. World Health Organization. Equitable access to essential 

medicines: a framework for collective action. WHO 

Policy Perspectives on Medicines no. 8. Geneva: WHO: 

2004. 

8. Mahal A, Karan A, Engelgau M. The Economic 

Implications of Non-Communicable Disease for India. 

Washington DC: World Bank: 2010. 

9. Fuster V, Kelly BB, editors. Promoting Cardiovascular 

Health in the Developing World: A Critical Challenge to 

Achieve Global Health. Washginton, DC: National 

Academies Press; 2010. 

10. Reinold O, Gans.B, Rostrup.M, Andries J, Sevre SK, 

Johan et al. Autonomic Function in Hypertensive and 

Normotensive Subjects: The Importance of Gender. 

Hypertension 2001; 37:1351 – 57. 

11. Abboud FM: The sympathetic system in hypertension. 

Hypertension 1982; 4(suppl II):208-25. 

12. Masi CM, Hawkley LC, Rickett EM, and Cacioppo JT. 

Respiratory Sinus Arrhythmia and Diseases of Aging: 

Obesity, Diabetes Mellitus, and Hypertension. Biol 

Psychol 2007 February; 74(2):212–23. 

13. Nielsen JR, Gram LF, Fabricius J, Harvald B. 

Sympathetic hyperreactivity in offspring of essential 

hypertensive patients. Life Sci 1984 Jun 25; 34(26):2551-

8. 

14. Lopes HF, Colombo FM, Filho JAS, Riccio GMG, 

Negrão CE, Krieger EM. Increased sympathetic activity 

in normotensive offspring of malignant hypertensive 

parents compared to offspring of normotensive parents. 

Brazilian Journal of Medical and Biological Research 

2008; 41:849-53. 

15. Piccirillo G, Viola E, Nocco M, Durante M, Tarantini S, 

Marigliano V. Autonomic modulation of heart rate and 

blood pressure in normotensive offspring of hypertensive 

subjects. J Lab Clin Med 2000 Feb; 135(2):145-52. 

16. Lenard Z, Studinger P, Merisch B, Pavlik G, Kollai M. 

Cardiovagal autonomic function in sedentary and trained 

Offspring of hypertensive parents. J Physiol 2005; 

565(3):1031–38. 

17. World Health Organization, International Society of 

Hypertension Writing Group. 2003 World Health 

Organization (WHO)/International Society of 

Hypertension (ISH) statement on management of 

hypertension. J Hypertens 2003; 21:1983-92. 

18. Flaa A, Ivar K. Eide, Sverre E. Kjeldsen and Rostrup M. 

Sympathoadrenal Stress Reactivity Is a Predictor of 

Future Blood Pressure: An 18-Year Follow-up Study. 

Hypertension 2008; 52; 336-41. 

19. Junqueira LF, Jr. Teaching cardiac autonomic function 

dynamics employing the Valsalva (Valsalva-Weber) 

maneuver. Advan in Physiol Edu 2008; 32:100-6 

20. Task force of the European Society of Cardiology and the 

North American society of Pacing and Electrophysiology. 

Heart rate variability: Standard and measurement, 

physiological interpretation and clinical use. Circulation 

1996; 93:1043–65. 

21. Kearney PM, Whelton M, Reynolds K, Muntner P, 

Whelton PK, He J. Global burden of hypertension: 

analysis of worldwide data. Lancet 2005 Jan; 

365(9455):217-23. 

22. Rosen CJ, Adams JS, Bikle DD, Black DM, Demay MB, 

Manson JE et al.The nonskeletal effects of vitamin D: An 

Endocrine Society scientific statement. Endocrine 

Reviews 2012; 33:456. 

23. Chobanian AV, Bakris GL, Black HR, Cushman WC, 

Green LA, Izzo JL Jr et al. National Heart, Lung, and 

Blood Institute Joint National Committee on Prevention, 

Detection, Evaluation, and Treatment of High Blood 

Pressure; National High Blood Pressure Education 

Program Coordinating Committee. The seventh report of 

the joint national committee on prevention, detection, 

evaluation and treatment of high blood pressure: the JNC 

7 report. JAMA 2003; 289:2560–72. 

24. Brinda K. Rana, Paul A. Insel, Samuel H. Payne et al. 

Population-Based Sample Reveals Gene–Gender 

Interactions in Blood Pressure in White Americans. 

Hypertension 2007; 49; 96-106. 

25. Peter I, Shearman AM, Zucker DR, Schmid CH, 

Demissie S, Cupples LA et al. Variation in estrogen-

related genes and crosssectional and longitudinal blood 

pressure in the Framingham Heart Study. J Hypertens 

2005; 23:2193–200. 

26. Tayo BO, Luke A, Zhu X, Adeyemo A, Richard S et al. 

Association of Regions on Chromosomes 6 and 7 With 

Blood Pressure in Nigerian Families. Circ Cardiovasc 

Genet 2009; 2; 38-45. 

27. Grassi G. Role of the sympathetic nervous system in 

human hypertension. J Hypertens 1998; 16:1979-87. 

28. Frank A, Kamarck T, Schneiderman N, Sheffield D, 

Kapuku G, Taylor T. Cardiovascular Reactivity and 

Development of Preclinical and Clinical Disease States. 

Psychosomatic Medicine 2003; 65:46 – 62. 

29. Kazim SF, Salman MB, Zubairi AJ, Afzal A, Ahmad U 

and Frossard PM. Offsprings of Hypertensive Parents 

Have Higher Blood Pressure and BMI. J. Coll. Physicians 

Surg. Pak 2008; 18: 64-65. 

30. Hypertension Detection and Follow-up Program 

Cooperative Group. Five-year findings of the 

Hypertension Detection and Follow-up Program: 

mortality by race-sex and blood pressure level-a further 

analysis. J Community Health 1984; 9:314–27. 

31. Burt VL, Whelton P, Roccella EJ, Brown C, Cutler JA, 

Higgins M et al. Prevalence of hypertension in the US 

adult population: results from the Third National Health 

and Nutrition Examination Survey, 1988-1991. 

Hypertension 1995; 25:305–13. 

32. Update on the task force report on high blood pressure in 

children and adolescents: a working group report from 

the National High Blood Pressure Education Program. 

National High Blood Pressure Education Program 

Working Group on Hypertension Control in Children and 

Adolescents. Pediatrics 1996; 98:649-58. 

33. American Academy of Neurology Assessment: clinical 

autonomic testing report of the Therapeutics and 

Technology Assessment Subcommittee of the American 

Academy of Neurology. Neurology 1996; 46:873–80. 

34. Palatini P. Exaggerated blood pressure response to 

exercise: pathophysiologic mechanisms and clinical 

relevance. J Sports Med Phys Fitness 1998; 38:1–9. 

35. Wood DL, Sheps SG, Elveback LR, Schirger A. Cold 

pressor test as a predictor of hypertension. Hypertension 

1984; 6:301–6. 



MedPulse – Journal of Physiology, ISSN: 2348-2516, EISSN: 2348-1897, Volume 1, Issue 1, 2015 pp 13-18 

MedPulse – Journal of Physiology, Volume 1, Issue 1, 2015    Page 18 

36. Menkes MS, Matthews KA, Krantz DS, Lundberg V, 

Mead LA, Qaqish B et al. Cardiovascular reactivity to the 

cold pressor test as a predictor of hypertension. 

Hypertension 1989; 14:524-30. 

37. Alberto M. Heart rate variability: from bench to bedside. 

Europ J Int Med 2005; 16:12-20. 

38. Levy MN. Sympathetic-parasympathetic interactions in 

the heart. Circ Res 1971; 29:437-45. 

39. Malliani A, Pagani M, Lombardi F, Cerutti S. 

Cardiovascular neural regulation explored in the 

frequency domain. Circulation 1991; 84:1482–92. 

40. Furlan R, Guzzetti S, Crivellaro W, Dassi S, Tinelli M, 

Baselli G et al. Continuous 24-hour assessment of the 

neural regulation of systemic arterial pressure and RR 

variabilities in ambulant subjects. Circulation 1990; 

81:537–47. 

41. Esler M, Straznicky N, Eikelis N, Masuo K, Lambert C, 

Lambert E. Mechanisms of sympathetic activation in 

obesity-related hypertension. Hypertension 2006; 48:787-

96. 

 
 

 

 

 

Source of Support: None Declared 

Conflict of Interest: None Declared  


