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INTRODUCTION

Essential hypertension is still continuing as one of  the 
most prevalent cause of  morbidity which is not only 
acting as a risk factor for cardiovascular mortality but 
also is involved in a considerable health care expenditure 
globally. This multi organ and multi symptomatic disease 
develops and progresses slowly spanning several decades 

of  life. Studies have reported that 25% of  children with 
one hypertensive parent and 50% of  the children with two 
hypertensive parents will eventually become hypertensive.1,2 
This indicates the role of  heredity playing a vital role in 
the development of  the disease. Evidence from reported 
works has shown the autonomic dysfunction as a strong 
basis for the initiation and sustained maintenance of  
hypertension.3 Supportive data are there that even if  
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Background: Studies have reported that off springs of hypertensive parents are more likely 
to develop hypertension. Dysfunction of target organ starts even before the diagnosis of 
hypertension. Cardiac autonomic dysfunction may be the initial event in the pathogenesis 
of hypertension. Till now very few studies have been done to find the early outcomes in the 
cardiac autonomic functions in the normotensive siblings of hypertensive patients. Heart rate 
recovery after exercise is a useful marker for cardiac autonomic function. Since the etio-
pathogenesis of hypertension is expected to affect the autonomic cardiovascular parameters 
even before the prehypertensive stage, the following study was carried out to analyze the 
heart rate recovery, in the descendent non- hypertensive young adults with and without 
parental history of hypertension. Aims and Objective: This research study was aimed to 
quantify and compare the difference (if any) of heart rate recovery in response to 3minute step 
test between non hypertensive children of non- hypertensive and hypertensive parents within 
an age group of 18-22 years. Materials and Methods: A total of 63 normotensive students 
were divided into one hypertensive parents(HP) group containing students with parental 
history of hypertension) and one non hypertensive parents group(NHP) having students 
without parental history of hypertension). Each student was subjected to 3minute Master 
step test. Recordings of heart rate were made before and after exercise. Heart rate recovery 
index (HRRI) of 1minute (HRRI1), as well as in 2,3 and 4 minute (HRRI2, HRRI3, HRRI4) 
were calculated and analyzed. Results: The resting (basal) heart rate as well as 1st minute 
heart rate recovery index (HRRI1) was not significantly different in the two groups. Likewise, 
the 2nd minute (HRRI2), 3rd minute (HRRI3), and 4th minute HRRI (HRR4) respectively were 
also not significantly different between the two groups. Conclusion: This study concluded 
that there is no significant difference in heart rate recovery among non-hypertensive young 
adults, with and without parental history of hypertension.
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hypertension is more common in middle aged and elderly 
population, prehypertension is more common in young 
adults especially in those who have family history of  
hypertension.4-8 Some recent studies have pointed out that 
an increased sympathetic and decreased parasympathetic 
activity in young adults alters the sympatho-vagal balance 
which might be the predisposing mechanism for the 
initiation of  prehypertension.9,10 In spite of  these recent 
reports, there is a meager data regarding the nature of  
change in autonomic balance which slowly changes the 
normotensive to develop into a state of  pre-hypertension. 
Till date not much study has been reported in this part of  
the world to find out the stated scenario.

Heart rate recovery (HRR) is defined as the rate at which 
heart rate decreases within the following minutes after 
exercise.11,12It reflects the dynamic balance and coordinated 
interplay between parasympathetic reactivation and 
sympathetic withdrawal.12-14 Abnormal heart rate recovery 
after exercise is an easy- to- measure tool for assessing 
reduced parasympathetic activity.15,16 Delay in the heart rate 
recovery after exercise has also been shown in many studies 
to be an independent predictor for both cardiovascular 
and all-cause mortality.17,18 With the above background, the 
current study was designed and executed COMS, Bharatpur 
to compare the HRR in young normotensive students with 
and without a parental history of  hypertension, with an aim 
to understand whether any relation exist between heredity 
and imbalance of  parasympathetic autonomic activity or 
not. The output of  the research would highlight some 
authenticate data regarding the cardiovascular autonomic 
regulation which might be helpful in finding ways for 
prevention of  prehypertension.

MATERIALS AND METHODS

A comparative study was done in the Department of  
Physiology of  College of  Medical Sciences and Teaching 
Hospital, Bharatpur from October- December 2019. 
The study group was comprised of  a total 64 students 
of  either gender from 1st, 2nd year MBBS and BDS. The 
parental history of  primary hypertension was obtained 
from the parents of  the students. From parental history 
data, the participant students were divided into two groups. 
A non-hypertensive parents group (NHP) was having 41 
of  the students without a parental history of  hypertension 
while another hypertensive parents group (HP) was having 
23 students with a parental history of  hypertension (single 
or both parents suffering from hypertension). The common 
inclusion criteria for both groups were that the students 
must be healthy and in the age group of  18-22yrs. They 
should be nonsmoker and nonalcoholic. Students having 
any recent or past systemic illness as well as using any 

type of  over the counter or prescription medication or 
supplements were excluded from the study. The study 
was done in the Human Physiology laboratory in the 
department of  Physiology of  COMS between 9AM-11AM. 
On the day of  the study participants were instructed 
to report to the Exercise Physiology laboratory after a 
light breakfast with an abstinence from alcohol, caffeine 
or any type of  strenuous activities for the preceding 24 
hours. The participants were explained in detail about the 
procedure. All subjects gave written consent before the 
starting of  procedure. The temperature of  the recording 
room was maintained between 25-28°C. The participants 
were asked to void the urine before the start of  the 
procedure. After 10 minutes of  rest, age, weight, heights 
were taken and resting (basal) heart rate as well as blood 
pressure was recorded in a sitting posture. With the help 
of  a metronome, 3-minuteMaster two step exercise test 
were conducted. The participants were instructed to come 
out of  the exercise maneuver in the event of  any type of  
discomfort. Heart rate was recorded just after the exercise 
as well as 1, 2 and 3 and 4minutes after exercise in a sitting 
posture. Heart rate recovery index(HRRI) was calculated 
by subtracting maximum heart rate achieved just after 
exercise by the heart rate measured in the 1st, 2nd, 3rd and 
4th minute of  post-exercise period. The data were examined 
and expressed as mean ± SD. Changes in parameters 
within the group were analyzed using student’s paired t-test 
for normally distributed data. Comparisons between the 
variables were analyzed using independent and paired t test. 
The null hypothesis was rejected at p˂0.05. SPSS version 20 
and Microsoft excel were used for analysis of  data.

RESULTS

The mean age of  the HP group was 19.78±0.90 and 
that of  the NHP group was 19.93±0.93 years. There 
was no significant difference in age among both the 
groups (p=0.55). There was also no significant difference 
in terms of  BMI (21.54±4.34 and 21.28±4.20 Kg/m² 
respectively, p=0.81), and resting heart rate, (88.78±13.94 
and 95.66±15.17 respectively, p=0.08) (Table 1).

Table 1: General parameters and Basal heart 
rate (Using Student dependent t test)
Variable NHP group 

(n=41) 
Mean±SD

HP group 
(n=23) 

Mean±SD

t  
value

P  
value

Age (Years) 19.93±0.93 19.78±0.90 0.61 0.55
BMI (kg/m2) 21.28±4.20 21.54±4.34 -0.236 0.81
Resting Heart 
rate in beats 
per minute

95.66±15.17 88.78±13.94 1.790 0.08

(HRR1=Heart rate recovery index of 1st minute, HRR2=Heart rate recovery index 
of 2nd minute, HRRI3=Heart rate recovery index of 3rd minute, HRRI4=Heart rate 
recovery index of 4th minute
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With a successful completion of  the heart rate recordings 
at different times after 3-minute exercise, no statistically 
significant difference was observed between the hypertensive 
parents and non- hypertensive parents group in terms 
of  maximum heart rate achieved (154.09±18.56 and 
157.76±29 respectively, p=0.462). The 1st minute HRRI was 
not significantly different in the two groups (31.65±9.28 
and 27.51±10.28 respectively, p=0.115). Similarly, 
the 2nd minute HRRI (40.78±10.25 and 39.32±14.50 
respectively, p=0.67), 3rd minute HRRI (47.83±10.43 
and 42.24±12.43 respectively, p=0.073) and 4th minute 

HRRI (49.91±11.54 respectively, p=0.294) were also not 
significant as depicted in (Table 2, Figure 1 and Figure 2).

DISCUSSION

In our present study we did not find any significant 
difference between the resting heart rate in two groups 
(p=0.08). Even if  both types of  autonomic nervous 
system (sympathetic and parasympathetic) are involved 
in maintaining the resting heart rate but more so it is the 
predominant vagal parasympathetic tone that determines 
the resting heart rate in healthy resting individuals.19 With 
no significant difference in the age and BMI between 
both groups, this finding indicates that at rest, vagal 
parasympathetic activity between the two groups are 
insignificant. So at least in resting state, without disease 
affection, the vagal function is not altered in the study 
group. The maximum heart rate achieved just after the 
exercise is also not showing any significant difference 
between these two group (p=0.46). Maximum heart 
rate achieved during a physical exercise is a function of  
parasympathetic withdrawal and sympathetic activation.20 
So in this parameter also both groups are showing the 
same type of  changes which indicates that the hypertensive 
parents (HP) group has no difference in parasympathetic 
withdrawal and sympathetic activation from the non- 
hypertensive parents (NHP) group. In all type of  heart arte 
recovery index the p value was more than 0.05. It points 
to the fact that the recovery of  heart rate after an exercise 
stress test is following the same pattern irrespective of  the 
history of  hereditary. In normal healthy individuals, a fast 
decrease in heart rate is observed in the first 30 seconds after 
exercise followed by a relatively slower decrease. Activation 
of  parasympathetic nervous system is predominant in the 
decrease of  heart rate observed in the early period after 
exercise whereas the withdrawal of  sympathetic system is 
more effective in the later period.19 In both these autonomic 
parameters, the hypertensive parents (HP) group is not 
showing any difference from control group. All these 
findings are supporting the results of  an another same type 
of  work done by Jha et al in 2018.21 Contradictory findings 
have been reported from the work of  Krishnan et al, 
Chinagudi et al and Pal et al which has shown an increased 
sympathetic and a decreased parasympathetic activity in 
the non- hypertensive healthy off- springs of  hypertensive 
parents.10,22,23 Similar type of  study done by Stolarz K has 
reported that the sympathetic activity was increased in the 
normotensive young healthy adults with a genetic history 
of  hypertension without a change in their parasympathetic 
function24. Whereas all the above mentioned works had 
heart rate variability as their tool of  assessment, the works 
of  Jha et al have taken heart rate recovery as their tool of  
autonomic assessment. Yamada et al and Noll et al have 

Figure 1: Bar graph showing mean heart rate recovery index in different 
minutes after exercise of the two groups

Figure 2: The Mean heart rate recovering in different minutes after 
exercise of both groups

Table 2: Distribution of the results of exercise 
test among groups
Variable 
(Heart rate 
in beats per 
minute)

NHP group HP group t 
value

P 
value

Just after 
exercise

157.76±19.29 154.09±18.56 0.740 0.462

HRRI1 27.51±10.28 31.65±9.28 -1.599 0.115
HRRI2 39.32±14.50 40.78±10.25 -0.428 0.670
HRRI3 42.24±12.43 47.83±10.43 -1.823 0.073
HRRI4 46.05±15.21 49.91±11.54 -1.058 0.294
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measured muscle sympathetic activity using micrography in 
normotensive young offspring of  parents with and without 
hypertension.25,26 Both studies have failed to observe any 
significant difference in the baseline sympathetic nerve 
activity between two participating groups. Similarly, 
Calhoun et al have reported that sympathetic reactivity to 
cold pressor test was not related to the parental history of  
hypertension in subjects of  white ethnicity.27

These different conflicting findings even with the works 
done by taking the same tool of  assessment, is still posing 
an inconclusive consensus regarding the association 
between early cardiac autonomic dysfunction with 
genetics. Large scale prospective studies have shown an 
association of  both maternal and paternal blood pressure 
with the blood pressure of  their offspring.28 Similarly 
other works have shown in their case control, cohort 
and longitudinal studies that parental hypertension to be 
strongly associated with hypertension risk.28,29,5 A constant 
advance in our understanding of  blood pressure have 
underscored its complex pathophysiology, in which genetic 
and environmental factors combine for a vast number of  
physiological pathways and mechanisms ultimately leading to 
the phenotype. Till now, with many epidemiological studies 
giving a satisfactory understanding of  the environmental 
factors relating to blood pressure, specifically with regard 
to diet and exercise, the exact contributory role of  genetics 
has been challenging. The completion of  Human Genome 
Project and HapMap initiatives has found a multitude 
of  genome-wide association studies that have given the 
impetus to discover these genetic variants. Recent works 
have reported 280 genetic variants to be associated with 
a risk of  hypertension, along with coronary artery disease 
for which hypertension is thought to be have a causal 
pathway.30-33 In a recent report by Warren et al a multiple 
of  single nucleotide polymorphism (SNP) in a risk score 
accounted for a difference in systolic blood pressure values 
up to10mmHg between individual.34 Despite this, the 
combined contribution of  these multiple genetic variant to 
heritability estimates remains lower than expected.35,36 This 
has led to questions about the missing heritability.37 These 
facts have also supported in other complex diseases like 
coronary disease.37 Even if  we expect that many more as 
yet undiscovered loci will help to explain about the missing 
heritability, now from all the works done so far, we conclude 
that at least in part, these contradictory reports could 
also be related to an overestimation of  initial hereditary 
estimates as well as of  the phenotypic pleiotropy.

CONCLUSION

There is no difference in the heart rate recovery index 
in 1st to 4th minute in the healthy young normotensive 

adults with and without a family history of  hypertension. 
These findings suggest that without the association 
of  pre-hypertension and hypertension as well as other 
associated comorbidities, a family history of  hypertension 
as such is not associated with a dysfunction of  autonomic 
nervous system.

Limitations of the study
The major limitation of  our present study is the less sample 
size of  the study group. Inclusion of  other confounding 
factors which predispose hypertension like diet, sodium 
intake, physical activity, age of  onset of  parental 
hypertension would have provided a better conclusion for 
the study. Other autonomic assessments as well as more 
accurate methods of  sympathetic activity like measurement 
of  plasma and urinary catecholamine metabolites should 
also have been compared. Therefore, more future studies 
with a consideration of  the above facts can be done to 
make us reach a final conclusion regarding the association 
of  genetics with the cardiac autonomic dysfunction even 
before the development of  prehypertension.
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