
                                                                                                                International Journal of Health Sciences and Research 

                    Vol.12; Issue: 2; February 2022 

                                                                                                                                                                  Website: www.ijhsr.org 

Original Research Article                                                                                                                                   ISSN: 2249-9571 

 

                                International Journal of Health Sciences and Research (www.ijhsr.org)  1 

Vol.12; Issue: 2; February 2022 

Heart Rate Variability in Patients of Recurrent 

Stroke as Compared to Patients of First-Ever Stroke 
 

Swati Mishra1, Supriya Gupta2, Raj Kapoor3, Bhavna Kaul4  
 

1Senior Resident, Dept of Physiology, Shaheed Hasan Khan Mewati Govt Medical College, Nuh, Haryana 
2Director Professor, Dept of Physiology, Vardhman Mahavir Medical College and Safdarjung Hospital,  

New Delhi 
3Director Professor (Physiology), Vardhman Mahavir Medical College and Safdarjung Hospital, New Delhi 

4Associate Professor, Dept of Neurology, Vardhman Mahavir Medical College and Safdarjung Hospital,  

New Delhi 
 

Corresponding Author: Swati Mishra 

 

DOI: https://doi.org/10.52403/ijhsr.20220201 

 
 
ABSTRACT 

 

Background- Cardiac autonomic neuropathy (CAN) is a common complication in stroke patients; 

both in acute and chronic phase. Multiple studies have found impaired cardiovagal or parasympathetic 

function in stroke patients which may result in cardiac arrhythmias and sudden death. Autonomic 

dysfunction increases cardiovascular risk in patients of first-ever stroke, but to the best of our 

knowledge very few studies have investigated if this risk is further increased in patients of recurrent 

stroke. 

Aim- To assess and compare, the cardiovascular autonomic functions via heart rate variability (HRV), 

and therefore, the cardiovascular risk, in patients of recurrent stroke and patients of first – ever stroke. 

Methods- 30 recurrent stroke patients and 30 first – ever stroke patients were recruited for this study. 

Heart Rate Variability (HRV) was used to assess cardiovascular autonomic function. 

Results - Time domain parameters- SDNN (p=0.011), rMSSD (p=0.031) and pNN50 (p=0.041) and 

frequency domain parameters - LF power (p=0.011), HF power (p=0.026), TP (p=0.022) were 

significantly reduced in recurrent stroke patients as compared to with a single stroke event 

Conclusion- Our preliminary study shows that parasympathetic function is significantly reduced in 

patients with recurrent stroke than in patients with a single stroke event. This may indicate an 

increased risk of adverse cardiovascular events and cardiac mortality in patients of recurrent stroke. 

 

Key Words - Cardiac Autonomic neuropathy, HRV, Stroke, recurrent stroke 

 

Key Message - Patients of stroke and recurrent stroke must undergo assessment of cardiac autonomic 

functions. 

 

INTRODUCTION 

Stroke is one of the leading causes 

of death and disability globally. 1 In India, 

the estimated prevalence ranges from 84-

262/100,000 in rural to 334-424/ 100,000 in 

urban areas and the incidence rate is 119-

145/100,000 based on the recent population 

based studies.2 Stroke is defined according 

to the World Health Organization criteria as 

“rapidly developing symptoms and/or signs 

of focal, and at times global, loss of cerebral 

function, with symptoms lasting more than 

24 hours or leading to death with no 

apparent cause other than that of vascular 

origin.” 3 The autonomic nervous system 

(ANS) is responsible for fast, continuous 

and normally subconscious control of basic 

physiological functions like heart rate, blood 

pressure, etc.4 It has two major divisions 

sympathetic and parasympathetic. 

http://www.ijhsr.org/
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Heart Rate Variability (HRV) is the 

oscillation in the interval between 

consecutive heart beats as well as the 

oscillations between consecutive 

instantaneous heart rate.5 Heart Rate 

Variability (HRV) is a physiological 

phenomenon which reflects the influence of 

the autonomic nervous system on the heart.6  

Reduced heart rate variability predicted 

increased risk for subsequent cardiac events 

in Framingham heart study.7  HRV5 is 

analysed in two domains- Time Domain 

analysis consists of  Standard Deviation of 

all N-N intervals (SDNN), square root of the 

mean squared differences of successive NN 

intervals (RMSSD), percentage of adjacent 

NN differing by more than 50ms (pNN50) 

and Mean Heart Rate. Frequency Domain 

analyses consists of Total Power (TP) which 

reflects overall autonomic activity where 

sympathetic activity is a primary 

contributor, Low Frequency (LF) which is a 

strong indicator of sympathetic activity, 

High Frequency (HF) which reflects 

parasympathetic (vagal) activity, Very Low 

Frequency (VLF) which is a band of power 

spectrum range between 0.003 and 0.04 Hz 

and LF/HF ratio which indicates overall 

balance between sympathetic and 

parasympathetic nervous systems.  

The risk of a recurrent stroke 

occurring in the first year following index 

stroke is 8.5 times greater than the risk of 

first stroke in the general population.8 

Among stroke patients cardiovascular 

mortality is high.9 Hankey et al 9 in PCSS 

found that most common cause of death 

after one year of index stroke was recurrent 

stroke and cardiovascular causes.  

85% stroke cases are of ischemic 

subtype and ischemic strokes are associated 

with cardiac autonomic dysfunction [10-15] 

and reduced HRV 6,10,16,17,18,19 This may be 

due to damage to central autonomic network 

or autonomic pathways descending from 

hypothalamus to the spinal cord12. Ischemic 

stroke patients show a parasympathetic 

cardiac deficit10,20 which may manifest as 

increased heart rate or blood pressure 

changes. Stroke patients have high rates of 

cardiac arrhythmia in the acute post-stroke 

phase21 and decreased vagal tone is believed 

to be correlated with paroxysmal atrial 

fibrillation22,23. These are risk factors for 

stroke and may contribute to a recurrent 

stroke or increased cardiac mortality in 

stroke patients. Cardiac arrhythmias and 

recurrent stroke are common complications 

in stroke patients.24 Reduced heart rate 

variability has been consistently associated 

with increased risk of cardiac and overall 

mortality, and it is hypothesized that this is 

because of sudden arrhythmic death caused 

by autonomic imbalance25. Heart rate 

variability has an impact on hypertension, 

atherosclerosis and cardiovascular 

mortality17. Many studies have assessed 

autonomic functions in stroke patients with 

HRV 6,10,16,17,18,19 and have found that HRV 

is reduced in patients of stroke and stays 

significantly low even after months of 

stroke event 10,11,12 and overall stroke 

patients have parasympathetic deficit.  

Till date, to the best of our 

knowledge, hardly any studies have been 

conducted to assess whether autonomic 

dysfunction is further deranged after a 

recurrent stroke, thereby increasing the risk 

of sudden cardiac death and reducing 

favourable prognosis in such patients. Our 

study was designed to assess if there is any 

further derangement of autonomic 

dysfunction in patients of recurrent stroke, 

whether the autonomic dysfunction shows 

the same pattern of parasympathetic deficit 

and whether severity of autonomic 

dysfunction is increased in recurrent stroke 

patients. 

 

MATERIALS AND METHODS 

The present study was conducted in 

the Department of Physiology and was 

commenced after obtaining clearance from 

the institutional Ethical Committee. Sixty 

ischemic stroke patients, age 25 years to 75 

years, were recruited for this study. They 

were divided into two groups – thirty 

patients of first-time stroke and thirty of 

recurrent (> one) stroke. 
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Recurrent stroke was defined as a 

new cerebrovascular event that met one of 

the following criteria: the event resulted in a 

neurological deficit that was clearly 

different from that of the index stroke; the 

event involved a different anatomic site or 

vascular territory from that of the index 

stroke.26 Patients with haemorrhagic stroke, 

large lesions (>1/3rd of Middle Cerebral 

Artery or >1/3rd of Posterior cerebral artery 

territory), history of previous Cardiac 

disease like Myocardial Infarction or 

Angina and uncontrolled Diabetes Mellitus 

were excluded from the study. The cases 

were referred from Neurology OPD and 

selected on basis of MRI report of the 

subject. In case of recurrent stroke, both 

previous and current MRI reports were 

required. 

The subjects were explained about 

the procedure and informed consent was 

taken. Subjects were instructed to refrain 

from caffeine/tea ingestion from one day 

prior to the day of investigations and to 

come after having a light breakfast 2 hours 

prior to testing. The temperature of the AFT 

lab was maintained between 23°C to 25°C. 

The subjects were allowed to rest in supine 

position for ten minutes and get used to 

experimental and environmental conditions 

in the lab. 

The ECG was recorded using 

BIOPAC MP 150 Data Acquisition System 

(BIOPAC systems Inc., Goleta, CA) in well 

controlled condition in a semi-darkened and 

silent room. A five-minute ECG record was 

taken in supine position with the patient 

breathing naturally and HRV analysis was 

done with Kubios HRV Pro Version 

software (Kuopio, Finland) and time domain 

and frequency domain parameters were 

obtained.  

 

Statistical analysis - distribution of sex, 

hypertension and history of diabetes were 

differentiated through chi-square test. 

Difference of mean age was tested by 

independent t-test.  Normally distributed 

continuous variables were compared using 

the unpaired t test, whereas the Mann-

Whitney U test was used for those variables 

that were not normally distributed. 

Statistical analysis was performed by the 

SPSS program for windows, version 17.0 

(SPSS, Chicago, Illinois). For all statistical 

tests, a p-value less than 0.05 was taken to 

indicate a significant difference. 

 

RESULTS 

The demographic profile of patients 

in the two groups of our study, i.e., the first-

time stroke group and recurrent stroke 

group, were similar with respect to age, sex 

and BMI (Table 1). The frequency of 

patients with hypertension and diabetes 

mellitus type II was similar in both groups 

(Table 1). 

Among the baseline parameters 

(Table 2) Systolic BP and Heart Rate were 

similar but significant difference is seen in 

Diastolic BP with a higher value in 

recurrent stroke group. 

HRV parameters (Table 3) show that 

in the recurrent stroke group the following 

time domain parameters were significantly 

reduced- SDNN (p=0.011), rMSSD 

(p=0.031) and pNN50 (p=0.041) as 

compared to single stroke group. Mean 

heart rate was also higher in recurrent stroke 

group but increase was not significant 

(p=0.05). In the recurrent stroke group, the 

following frequency domain parameters 

were significantly reduced – LF power 

(p=0.011), HF power (p=0.026), TP 

(p=0.022) as compared to single stroke 

group. LF/HF ratio was also higher in 

recurrent stroke group but the increase was 

not significant.  
 

Table 1- Demographic profile of the patients 

Characteristics 

First-time 

stroke 

n=30 

Recurrent 

stroke 

n=30 

p 

value 

Mean age (years)  

(mean  ± SD) 
49.53 ± 14.06 55.50 ± 13.32 0.097 

BMI  

(mean  ± SD) 
23.29 ± 3.80 24.65 ± 4.20 0.193 

Male (n%) 26 (86.7%) 23 (76.7%) 0.506 

Hypertension 
(n%) 

17 (56.7%) 21(70%) 0.284 

DM type II (n%) 6 (20%) 3 (10%) 0.472 
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Table 2 – Comparison of Baseline cardiovascular parameters 

between First-time and recurrent stroke group 

Basal 

cardiovascular 

parameter 

First-time 

stroke (n=30) 

Recurrent 

stroke (n=30) 

p 

Value 

SBP (mm Hg) 128.43 ± 19.87 133.53 ± 18.39 0.307 

DBP (mm Hg) 79.60 ± 11.55 86.10 ± 12.80 0.043* 

HR (beats per 

minute) 
70.83 ± 12.00 76.37 ± 11.66 0.075 

All values are presented as mean ± SD. Abbreviations - SBP – 

Systolic blood pressure, DBP – Diastolic Blood pressure, HR - 

Heart Rate. * p value <0.05. 
 

Table 3 – Comparison of Heart Rate Variability parameters 

between First-time and recurrent stroke group 

HRV Parameters First-time 

stroke 

n=30 

Recurrent 

stroke 

n=30 

p 

value 

SDNN (ms) 35.71 ± 17.73 25.63 ± 11.23 0.011* 

rMSSD (ms) 35.16 ± 26.45 22.11 ± 16.43 0.031* 

pNN50 (%) 7.78 ± 12.76 4 ± 8.51 0.041* 

Mean HR 

(per minute) 
71.52 ± 11.88 77.3 ± 12.54 0.05 

LF – Power (ms2) 466.3 ± 626.2 136.7 ± 166.6 0.011* 

HF – Power (ms2) 545 ± 844.9 214.6 ± 366.9 0.026* 

Total power (TP) 

(ms2) 
1497 ± 1733 641.2 ± 625.5 0.022* 

LF/HF ratio 1.41 ± 1.35 1.89 ± 2.08 0.944 

All values are presented as mean ± SD. *p value <0.05. SDNN -
Standard Deviation of all N-N intervals, RMSSD- square root of 

the mean squared differences of successive NN intervals, pNN50- 

percentage of adjacent NN differing by more than 50ms, HR - 
Heart Rate, LF- Low Frequency, HF- High Frequency. 

 

DISCUSSION 

Time domain parameters of HRV  

SDNN - Both sympathetic and 

parasympathetic activity contribute to 

SDNN and it is considered to be gold 

standard for medical stratification of cardiac 

risk when recorded over 24 hours.5 SDNN 

was significantly reduced in recurrent stroke 

group (p value = 0.011). Low SDNN may 

indicate increased cardiovascular risk in 

these patients.  

Many studies 6,18,27,30 have found that 

SDNN is significantly reduced in stroke 

patients. Reduced SDNN was found to be 

correlated with increased sudden 

mortality18, associated with frequent and 

complex arrhythmias in patients of stroke28, 

and an independent predictor of unfavorable 

functional outcome in patients of ischemic 

stroke29. Binici et al17 found that reduced 

SDNN and reduced nighttime HRV were 

associated with increased stroke risk. 

Reduced SDNN reflects a reduced vagal 

activity directed to the heart which may 

cause increased sympathetic modulation of 

heart and cardiac electrical instability. 

rMSSD and pNN50, which represent 

parasympathetic activity, were also 

significantly reduced in recurrent stroke 

group as compared to single stroke group (p 

value for rMSSD = 0.031) (p value and 

pNN50 = 0.041). The reduced values of 

rMSSD and pNN50 indicate 

parasympathetic dysfunction and decreased 

parasympathetic activity. Mean heart rate 

(mean HR) was higher in recurrent stroke 

group which might be due to 

parasympathetic deficit. 

Multiple studies 10,11,13,14,16 have 

already established that stroke patients have 

a parasympathetic deficit as compared to 

healthy subjects. Orlandi et al31 found that 

pNN50 was significantly reduced in 

hyperacute stroke patients with arrhythmia. 

  In our study we observed that 

patients of recurrent stroke have a more 

pronounced parasympathetic deficit, as seen 

by significantly low rMSSD and pNN50. A 

reduced SDNN may indicate an increased 

risk of cardiac mortality in patients who 

have had a stroke recurrence. 

Increased mean Heart Rate in 

patients of recurrent stroke (77 bpm) may 

indicate a poor prognosis and increased 

cardiovascular risk. In PROFESS 32(The 

Prevention Regimen for Effectively 

Avoiding Second Stroke) it was observed 

that stroke patients with baseline heart rate 

≥76 bpm had a higher risk of total death, 

vascular death, and non-vascular death. 

They also found significant association 

between heart rate and functional 

neurological outcomes after a recurrent 

stroke. Reduction in heart rate may be a 

potential therapeutic target in stroke 

patients.  

 

Frequency domain parameters of HRV  

LF, a measure of sympathetic 

activity, was significantly reduced in 

recurrent stroke group (p=0.011). HF, a 

measure of parasympathetic activity, was 

also significantly reduced in patients of 

recurrent stroke (p=0.026). Total power TP 

was also significantly reduced in recurrent 

stroke group (p=0.022). 
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Multiple studies have found that 

stroke patients had significantly reduced 

LF10,16,18, HF10,14,16,18,30, VLF16 and TP6,10, 

and an increased LF/HF ratio14,16,18.  LF and 

HF were reduced in patients of ischemic 

stroke in acute phase and after 6 months of 

stroke event12, and have been found to be 

correlated with sudden mortality18. 

While most studies have focused on 

HRV patterns of stroke patients as 

compared to normal healthy subjects, we 

have assessed the effect of a recurrent stroke 

on HRV.  

Recurrent stroke is one of the 

common complications of stroke and 

fatality rate is quite high in case of a 

recurrent stroke as compared to first ever 

stroke.8 Significantly reduced HRV 

parameters, especially those which indicate 

parasympathetic function like rMSSD, 

pNN50 and HF, show that patients of 

recurrent stroke have an even more 

profound parasympathetic deficit than 

patients with a single stroke event. This 

leads to a relatively increased sympathetic 

activity, which may cause – cardiac 

arrhythmias and increased basal blood 

pressure. Both these increase stress on heart, 

damage vessel endothelium and promote 

plaque formation. Atrial fibrillation, 

changes in blood pressure, and thrombus 

formation- independently and together- 

increase risk of future adverse 

cardiovascular and cerebrovascular events. 

A significantly reduced parasympathetic 

activity after a second stroke may lead to 

unfavorable outcome, and autonomic status 

in such patients must be assessed. 

Further research is required on the 

impact of autonomic status testing on 

prognosis and functional outcome of stroke 

patients. Whether or not autonomic 

dysfunction is an independent risk factor for 

sudden cardiac mortality in patients of 

cerebrovascular accidents also remains to be 

studied. Research into the pattern and 

severity of autonomic dysfunction in 

correlation with specific cortical areas may 

also shed some light on the cortical control 

and regulation of the central autonomic 

network. 

 

Limitations – In this study we did not 

categorise patients on basis of cortical areas 

involved in stroke. We also did not 

differentiate between patients of ipsilateral 

recurrent stroke and contralateral recurrent 

stroke (compared to side of first stroke 

event).  

 

CONCLUSION 

In our preliminary study we found 

that patients of recurrent stroke have a 

reduced HRV as compared to patients of 

single stroke event. Recurrent stroke 

patients also have a more severe 

parasympathetic dysfunction as compared to 

patients with single stroke event.   
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