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Effect of duration of hypertension on heart rate variability
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ABSTRACT

Background: Hypertension is the most prevalent noncommunicable disease. It is a multisystem disorder that affects 
many organs of the body including cardiovascular system, and it markedly increases both morbidity and mortality in the 
population. Hypertension causes dysfunction of the cardiac autonomic nervous system leading to sympathovagal imbalance. 
Heart rate variability (HRV) is a non-invasive tool used to detect variation in RR intervals and has been proposed as early 
markers of vulnerability to ventricular arrhythmias. The present study was taken up to measure the effect of duration of 
the hypertension on HRV for early detection and early management of cardiac abnormalities. Aims and Objectives: The 
objectives of the study were to evaluate the effect of duration of the hypertension on cardiac autonomic function in patients 
with primary hypertension by measuring HRV. Materials and Methods: HRV test was performed on 50 male hypertensive 
patients who were divided into 2 groups, based on the duration of hypertension, i.e., duration of hypertension >5 years and 
<5 years. All the subjects were in between the age group of 41 and 60 years. Statistical analysis was done using unpaired 
t-test. Results: Parameters of frequency-domain analysis of HRV such as low frequency (LF) (Hz), LF (ms2), and high 
frequency (nu) were significantly reduced in hypertensives with >5 years duration (P < 0.01). Time domain parameters 
such as root mean square successive differences, triangular interpolation of normal to normal, and percentage of differences 
between adjacent normal RR interval 50% were reduced in hypertensive subjects with duration >5 years, and it was highly 
significant. P < 0.001 showing decreased in parasympathetic activity in long-standing hypertension. Conclusion: Study 
showed reduced HRV parameters showing decreased parasympathetic activity in long-standing hypertension leading to an 
imbalance in cardiac autonomic function. It is very much important to evaluate the cardiac autonomic function status in 
long-standing hypertension using simple non-invasive tools for early detection and treatment of cardiac arrhythmias and 
other variations in cardiac function status.
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INTRODUCTION

Hypertension is the most prevalent noncommunicable disorder 
in the world. It is a big concern due to the devastating effects 
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and its chronic complications. Hypertension is a multisystem 
disorder that affects many organs of the body including the 
cardiovascular system causing coronary heart disease (CHD) 
and cerebrovascular disorder (CVD). CHD and CVD are the 
most common causes of death in the world.[1]

Variation in the time interval between two heartbeats is 
determined as heart rate variability (HRV). In the past two 
decades, many studies are done on HRV, and it represents 
one of the important markers for assessing cardiac autonomic 
function. HRV is a non-invasive bedside test, so it is 
practically more feasible to carry out the studies. HRV test 
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measures two spectra such as time domain and frequency 
domain, which helps to analyze the autonomic function of the 
cardiovascular system. Many studies have shown that HRV 
is associated with cardiovascular morbidity and mortality.[2-4] 
Studies have also established that a reduction in HRV can 
help to determine the development of diabetic neuropathy, as 
a predictor of hypertension and early diagnosis of arrhythmic 
complications post-myocardial infarction.

Regulation of cardiac activity is done by various intrinsic and 
extrinsic mechanisms. Autonomic nervous system mainly 
regulates heart rate. Sympathetic nervous activity causes a 
rise in the heart rate and parasympathetic (vagal) lowers the 
heart rate. When both systems are active, the vagal effects 
usually dominate.

Among many patient populations, experimental studies 
have shown that regulation of cardiovascular autonomic 
system plays an important role in the cause of cardiac 
disease and deaths.[5,6] Regarding hypertensive patients, a 
sympathovagal imbalance was determined by HRV which 
showed sympathetic overactivity and decreased vagal tone.[7] 
Reduced HRV has been previously reported in adulthood 
hypertension.[8]

HRV

HRV refers to the variation in time intervals between 
consecutive heartbeats. This is related to the influence of 
autonomic nervous system on the sinoatrial (SA) node. The 
influence of the autonomic nervous system (ANS) on the 
Sino-Atrial Node depends on many factors such as afferent 
signals carried from baroreceptors, chemoreceptors, renin-
angiotensin-aldosterone system, and respiratory system. 
Changes in the HRV pattern provide an early and sensitive 
indicator of any health impairments. Increased in HRV is a 
sign of good adaptation showing the efficient functioning 
of autonomic regulatory mechanisms of heart. Whereas, 
reduction in HRV shows abnormal adaptation of the ANS, 
indicating the presence of any cardiac autonomic dysfunction. 
HRV is measured using frequency- and time-domain 
spectra. Frequency-domain analysis parameters include 
such as very low frequency (VLF), LF, and high frequency 
(HF) expressed in Hz and ms2. LF and HF spectrum refers 
to parasympathetic modulation. Time-domain parameters 
includes RR interval, standard deviation of normal to normal 
intervals (SDNN), root mean square successive differences 
(RMSSD), (triangular interpolation of NN [TINN] interval 
histogram), and percentage of differences between adjacent 
normal RR interval >50 ms (PNN) 50%. Parasympathetic 
activity is assessed by time-domain parameters such as 
SDNN, RMSSD, and PNN 50%.[9]

This study was taken up to assess the effect of duration 
of hypertension on cardiac autonomic function status in 
hypertensive patients by analyzing HRV for early diagnosis 

of cardiac abnormalities and providing the treatment to 
reduce morbidity and mortality.

MATERIALS AND METHODS

A total of 50 male hypertensive patients between age group of 40 
and 60 years were selected for the study. Subjects were further 
divided into two groups based on the duration of hypertension, 
i.e., duration of hypertension >5 years and <5 years.

Smokers and alcoholics, subjects suffering from diabetes 
mellitus, symptomatic coronary artery disease, atrial fibrillation, 
and subjects with secondary arterial hypertension - such as 
pheochromocytoma and renal artery disease history of drug 
treatment other than antihypertensive were excluded.

After obtaining Ethical Committee Clearance, the study 
was taken up. Procedures were explained to all subjects 
encouraged the subjects for voluntary participation 
with the freedom to withdraw from the study even after 
participation whenever they like. Once they are willing 
for participating in study informed written consent was 
obtained. A detailed history regarding the duration of 
hypertension, family history was taken. Physical and 
clinical examination was done. Then, the subject was 
advised to take complete bed rest for 20 min without any 
mental or physical activity. Blood pressure was recorded 
in the supine position using mercury sphygmomanometer. 
Subjects were asked to be rested for 10 min, later resting 
electrocardiogram (ECG) was recorded for 5 min in 
supine position. ECG was acquired using digital ECG 
system, using Niviqure software on a Microsoft Window-
based computer. The digital ECG system was used to 
save multiple records and provided with additional filter 
settings, calculation tools, automated analysis, and auto 
report generation facilities.

Statistical Analysis

The results were calculated as a mean ± standard deviation. 2 
groups were compared using student’s t-test.

RESULTS

Frequency-domain parameters such as LF (Hz) and LF (ms2) 
were significantly reduced in hypertensives with >5 years 
duration (P < 0.01). HF (nu) was significantly reduced in 
patients with longer duration of hypertension (P < 0.01). 
Mean LF/HF ratio was 0.84 ± 0.31 with hypertension 
<5 years and 0.98 ± 0.38 in >5 years hypertensive subjects. 
LF/HF ratio showed no significant change depending on the 
duration of hypertension. Time-domain parameters such as 
RMSSD, TINN, and PNN 50% were reduced in hypertensive 
subjects with duration >5 years, and it was highly significant 
P < 0.001 compared to hypertensives <5 years duration 
[Tables 1 and 2].
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DISCUSSION

Hypertension is the most prevalent noncommunicable 
disorder in the world. Over years HRV has gained so much 
interest due to its non-invasive and bedside procedure for 
early detection of cardiovascular pathology.

Over six decades, epidemiological studies have proved that 
increase in heart rate has increased cardiovascular morbidity 
in cardiovascular patients and also in general population 
with or without risk factors.[10,11] This study showed elevated 
heart rate in hypertensive subjects. Increased heart rate is 
correlated with higher blood pressure. Increased sympathetic 
tone manifested by higher heart rate is common among 
hypertensive subjects.[12]

This study showed there was a significant reduction in both 
frequency-domain and time-domain parameters of HRV 

test. In this study, LF frequency (Hz) and LF power (ms2) 
were significantly reduced in hypertensives with >5 years 
duration. Similar findings were found in Huikuri et al.[13] 
studies showing in long-standing hypertension there 
was reduction in VLF and LF components of frequency-
domain parameters, indicating that reduced HRV may 
contribute to increased cardiac morbidity and mortality. 
Reductions in VLF and LF power spectral components 
suggested non-invasive markers of risk for cardiac and 
overall mortality[14] and these parameters can also be used 
as early indicators for the occurrence of life-threatening 
arrhythmias.[15,16]

Time-domain spectra of HRV such as RMSSD, TINN, and 
PNN 50% were reduced in hypertensive subjects with duration 
>5 years, showing significant lower parasympathetic activity 
in longer duration.

Table 1: Frequency domain parameters of HRV
Measurement Duration of hypertension

<5 years >5 years <5 years v/s>5 years
Mean±SD Mean±SD t‑value* P level

Peak frequency (Hz)
VLF 0.02±0.01 0.02±0.01 0.57 0.57 NS
LF 0.06±0.04 0.08±0.03 −2.34 0.02 S
HF 0.26±0.13 0.26±0.15 −0.06 0.96 NS

Peak power (ms2/Hz)
VLF 2138.63±590.67 2210.00±514.32 −0.44 0.66 NS
LF 858.00±130.40 696.20±312.40 1.99 0.05 S
HF 323.19±128.80 346.88±194.20 −0.44 0.66 NS

Frequency (nu)
LF 46.78±13.34 41.27±11.01 1.54 0.13 NS
HF 58.79±16.68 45.67±12.82 3.06 0.00 S

LF/HF 0.84±0.31 0.98±0.38 1.28 0.21 NS

S: Significant difference; NS: Non-Significant difference, SD: Standard deviation, VLF: Very low frequency, LF: Low frequency, HF: High 
frequency, HRV: Heart rate variability

Table 2: Time domain analysis of HRV
Measurement Duration of hypertension

<5 years >5 years <5 years v/s>5 years
Mean±SD Mean±SD t‑value* P level

HR/bpm 71.40±7.53 71.328±20 0.04 0.97 NS
SDNN (ms) 58.94±9.11 59.26±9.87 −0.11 0.91 NS
RMSSD 28.40±15.49 14.57±4.89 4.77 0.00 HS
TINN (ms) 179.63±113.29 104.94±41.04 3.43 0.00 HS
RR (ms) 880.90±117.42 833.09±185.20 0.94 0.35 NS
PNN 50% 3.99±1.95 0.47±0.63 9.60 0.00 HS
RR index 0.05±0.01 0.05±0.01 1.78 0.08 NS

RMSSD: Root mean square successive differences, HRV: Heart rate variability, SD: Standard deviation, SDNN: Standard deviation of 
normal to normal intervals, TINN: Triangular interpolation of NN, PNN: Percentage of differences between adjacent normal RR interval, 
NS: Non-Significant difference
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CONCLUSION

This study concluded that testing cardiovascular autonomic 
tests is important in hypertensive patients to look for its 
dysregulation. The effects of cardiovascular reflex can be 
assessed using HRV test effectively for physiological and 
clinical investigations by patients bedside, or in the laboratory 
using more elaborate equipment. Physiologists, clinicians, 
and medical students can make use of these tests to assess or 
understand cardiovascular autonomic tests in man in health 
or disease. As cardiac arrhythmias are associated with a 
reduction in HRV, indicates the risk for occurrence of cardiac 
arrhythmias among hypertensive patients. Testing HRV acts 
as a simple non-invasive bedside test for early detection of any 
differences in cardiac autonomic balance that may be markers 
for early cardiac autonomic dysregulation. In this study, there 
was sympathetic overactivity among hypertensive patients 
showed that impaired cardiac autonomic function and also 
showed sympathovagal imbalance in hypertensive patients 
higher toward sympathetic tone and lower vagal modulation.

In conclusion, testing cardiac function status is an important 
area of investigation in hypertensive patients, to look 
for ventricular arrhythmias. These simple non-invasive 
measures can be used for early detection and treatment of 
life-threatening arrhythmias and other variations in cardiac 
autonomic function.

ACKNOWLEDGMENT

We sincerely thank Staff and colleagues of the Department of 
Physiology of J.J.M Medical College, Davangere, Karnataka. 
We would like to thank Staff and colleagues of the Department 
of Physiology, Mamata Medical College, Khammam.

REFERENCES

1. Kearney PM, Whelton M, Reynolds K, Muntner P, 
Whelton PK, He J, et al. Global burden of hypertension: 
Analysis of worldwide data. Lancet 2005;365:217-23.

2. Thayer JF, Yamamoto SS, Brosschot JF. The relationship of 
autonomic imbalance, heart rate variability and cardiovascular 
disease risk factors. Int J Cardiol 2010;141:122-31.

3. Chattipakorn N, Incharoen T, Kanlop N, Chattipakorn S. Heart 
rate variability in myocardial infarction and heart failure. Int J 
Cardiol 2007;120:289-96.

4. Karason K, Mølgaard H, Wikstrand J, Sjöström L. Heart 
rate variability in obesity and the effect of weight loss. Am J 
Cardiol 1999;83:1242-7.

5. Algra A, Tijssen JG, Roelandt JR, Pool J, Lubsen J. Heart rate 
variability from 24-hour electrocardiography and the 2-year 
risk for sudden death. Circulation 1993;88:180-5.

6. Bigger JT Jr., Fleiss JL, Rolnitzky LM, Steinman RC. 
Frequency domain measures of heart period variability to 
assess risk late after myocardial infarction. J Am Coll Cardiol 
1993;21:729-36.

7. Martini G, Rabbia F, Gastaldi L, Riva P, Sibona MP, Morra 
di Cella S, et al. Heart rate variability and left ventricular 
diastolic function in patients with borderline hypertension with 
and without left ventricular hypertrophy. Clin Exp Hypertens 
2001;23:77-87.

8. Singh JP, Larson MG, Tsuji H, Evans JC, O’Donnell CJ, 
Levy D, et al. Reduced heart rate variability and new-onset 
hypertension: Insights into pathogenesis of hypertension: The 
Framingham heart study. Hypertension 1998;32:293-7.

9. Task Force of the European Society of Cardiology and the 
North American Society of Pacing and Electrophysiology. 
Heart rate variability: Standards of measurement, physiological 
interpretation and clinical use. Circulation 1996;93:1043-65.

10. Aram VC, George LB, Henry RB, William CC, Lee AG, 
Joseph LI, et al. The seventh report of the joint national 
committee on prevention, detection, evaluation and treatment 
of high blood pressure. JAMA 2003;289:2560-71.

11. Kumar V, Cotran RS. Hypertensive vascular disease. In: 
Pathologic Basis of Disease. 8th ed. New Delhi: Saunders; 
2010. p. 492-560.

12. Kannel WB. Blood pressure as a cardiovascular risk factor: 
Prevention and treatment. JAMA 1996;275:1571-6.

13. Huikuri HV, Ylitalo A, Pikkujämsä SM, Ikäheimo MJ, 
Airaksinen KE, Rantala AO, et al. Heart rate variability in 
systemic hypertension. Am J Cardiol 1996;77:1073-7.

14. Tsuji H, Venditti FJ Jr., Manders ES, Evans JC, Larson MG, 
Feldman CL, et al. Reduced heart rate variability and mortality 
risk in an elderly cohort. The Framingham heart study. 
Circulation 1994;90:878-83.

15. Valkama JO, Huikuri HV, Koistinen MJ, Yli-Mäyry S, 
Airaksinen KE, Myerburg RJ, et al. Relation between heart 
rate variability and spontaneous and induced ventricular 
arrhythmias in patients with coronary artery disease. J Am Coll 
Cardiol 1995;25:437-43.

16. Huikuri HV, Koistinen MJ, Yli-Mäyry S, Airaksinen KE, 
Seppänen T, Ikäheimo MJ, et al. Impaired low-frequency 
oscillations of heart rate in patients with prior acute myocardial 
infarction and life-threatening arrhythmias. Am J Cardiol 
1995;76:56-60.

How to cite this article: Jyothi S, Gowri SRM. Effect of 
duration of hypertension on heart rate variability. Natl J Physiol 
Pharm Pharmacol 2019;9(1):95-98.

Source of Support: Nil, Conflict of Interest: None declared.


