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ABSTRACT A

Background: In obesity and/or family history of hypertension (HT) or diabetes mellitus (DM), there is a higher prevalence
of cardiovascular (CV) disease in the subject, which is supposed to be due to autonomic imbalance. The alterations in
cardiac autonomic functions can be assessed by heart rate variability (HRV) indicators and there is a relationship between
HRYV and reaction time (RT) also. Aims and Objectives: This study aims to assess the HRV and RT in adolescents with
CV risk and also to find the association between these two parameters. Materials and Methods: A total of 39 adolescents
with CV risk (15 females and 24 males) in the age group of 14—15 years who were obese or/and had family history of HT
or DM in parents were selected. Anthropometric parameters, blood pressure, HRV parameters, and RT were recorded.
Results: HRV was reduced in CV risk groups, both in females and males as compared to normal subjects and lower values
were recorded in females as compared to males. There was also a negative correlation of HRV with RT both in males
and females but statistically significant only in females. Conclusion: Adolescents with CV risk have reduced HRV and
such individuals are more prone to CV diseases. RT, which is a marker of cognitive ability, is increased in persons with

decreased HRYV, and hence, such CV risk adolescents should be followed up and given timely intervention.

\KEY WORDS: Heart Rate Variability; Reaction Time; Cardiovascular Risk; Adolescents

INTRODUCTION

Heart rate variability (HRV), which is a non-invasive and
objective measure of beat-to-beat variations in heart rate
due to modulation of sinoatrial node activity by cardiac
autonomic nervous system, is a cardiovascular (CV)
risk predictor. In obese and individuals having family
history of hypertension (HT), diabetes mellitus (DM), and
hyperlipidemia, there is a higher prevalence of CV disease,
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which is supposed to be due to autonomic imbalance or
sometimes due to metabolic disorder. The alterations in
cardiac autonomic functions bring out the changes in the
HRYV, which is an assessing tool for cardiac autonomic
functions and considered as standard and reliable.!"

Sympathetic and parasympathetic activity modulates heart
rate. Effect of change in parasympathetic outflow to the
heart occurs very rapidly within 400 ms, so it can control
heart rate beat-to-beat variation, which is determined by
time domain parameters of HRV analysis which signify
resting parasympathetic activity.””) The effect of change
in sympathetic outflow to the heart takes >5 s.I! Hence,
high-frequency (HF) component is considered to be due to
resting parasympathetic activity and low-frequency (LF)
component is considered to be due to resting sympathetic
activity.
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Reaction time (RT) is the time taken to respond to a sensory
stimulus, which includes perception of stimulus, cognitive
processing, and the motor response to the stimulus.® It
measures neural efficiency.’s! Greater neural efficiency is
represented by a faster RT. Slower RT was associated with
an increased risk of CV disease mortality! and also noted
that people with slower RT had lower HRV."# Greater
fluctuations in heart rate are associated with faster RT. Hence,
RT is a simple method of assessing the perceptual-cognitive
processing capability of the central nervous system and is
also helpful in assessing CV risks by knowing its variations
with HRV. There are less studies about RT and its association
with HRV in adolescents with CV risk. Hence, this study was
undertaken to assess the HRV and RT in adolescents with CV
risk.

MATERIALS AND METHODS

This was a case series involving a total of 39 adolescents
with CV risk, 15 females and 24 males between 14 and 15
years of age, who were obese or/and having family history
of HT or DM in parents, who were selected from nearby
higher secondary schools. Approval was obtained from the
Institutional Human Ethics Committee. After explaining
the study to the participants and their parents, their written
informed consent was obtained.

All the adolescents were brought to the research laboratory at
9.00 a.m. after having light breakfast and before recording,
the procedure was explained to them. Recording was done in
a quiet and comfortable room in the morning hours.

Parameters Assessed

Anthropometric parameters such as height, weight, basal
heart rate, systolic blood pressure, and diastolic blood
pressure were recorded. Blood pressure was recorded by a
mercury sphygmomanometer.

Lead II electrocardiogram (ECG) was recorded for 15 min
and HRV was analyzed by powerlab (AD Instruments). The
sampling rate was kept at 1000 samples per channel. Raw
ECG was filtered using a bandpass filter (2—40 Hz). The RR
tachogram obtained from the filtered ECG was analyzed for
frequency domain and time domain parameters.

Visual RT was recorded by an instrument connected to
audacity software. Participants were instructed to release the
response key as soon as they perceived the stimulus and the
interval between the stimulus and the response was recorded
and few practice sessions were given to all the participants
before recording the RT by keeping the instrument in front
of them.

The time domain parameters were average RR interval,
standard deviation of RR interval (SDRR), the square root

of the mean of the sum of the squares of the differences
between adjacent RR intervals (root mean square of the
successive differences [RMSSD]), the number of pairs of
adjacent RR intervals differing by >50 ms in the entire
recording (RR50), and percentage of RR50 counts (pRR50),
given by RR50 count divided by total number of all RR
intervals (pRR50). These represent parasympathetic drive
to the heart.

The frequency domain parameters include LF (LF: 0.04—
0.15), HF (HF: 0.15-0.4), LF in normalized units (LFnu),
HF in normalized units (HFnu), and ratio of LF to HF
(LF/HF). LF represents sympathetic tone, HF represents
parasympathetic tone, and the LF/HF ratio represents
sympathovagal balance.”

RESULTS

A total of 39 adolescents (15 females and 24 males) aged
between 14 and 15 years were examined. The mean height in
females was 156.8 cm, weight was 59.33 Kg, and mean blood
pressure was 84.4 mmHg; and in males 165 cm, 64.12 Kg, and
82.62 mmHg, respectively. Mean and standard deviation of
HRYV parameters and RT of all participants are given in Table 1.

There was no significant difference between anthropometric
parameters, blood pressure, HRV, and RT parameters between
male and female adolescents.

Table 1: HRV parameters and RT in adolescents with CV

risk
Parameters Gender Mean+SD
PRR50 (in ms) Male 28.06+22.51
Female 21.88+20.03
SDRR (in ms) Male 53.62+18.84
Female 49.08+20.97
RMSSD (in ms) Male 49.734+25.87
Female 44.61427.54
Aver-RR (in ms) Male 700.74+238.48
Female 688.72+81.07
LFnu Male 45.13+16.40
Female 44.70+15.94
HFnu Male 49.82+15.72
Female 47.85+14.67
LF/HF Male 90.96:+440.49
Female 11.67+40.76
RT (in ms) Male 208.83+28.79
Female 221.67+£22.77

HRV: Heart rate variability, RT: Reaction time, CV: Cardiovascular,
LFnu: LF in normalized units, HFnu: HF in normalized units,
SDRR: Standard deviation of RR interval, RMSSD: Root mean
square of the successive differences, RR50: RR interval differing by
>50 ms in the entire recording, pRR50: Percentage of RR50 counts ,
SD: Standard deviation
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Correlation of HRV parameters with RT showed negative
correlation with SDRR (P =0.000) in both females (»=-0.58)
shown in Figure 1 and males (» = —0.25) shown in Figure 2,
but the correlation was statistically significant only in females.

DISCUSSION

This study was directed toward studying HRV in adolescents
with CV risk and looking into the association between HRV
and RT time in them, i.e., association between autonomic
and cognitive ability and also to compare these parameters in
males and females.

There was no significant difference between anthropometric
parameters, blood pressure, HRV, and RT parameters between
male and female adolescents.

Correlation of HRV parameters with RT showed negative
correlation with SDRR in both females and males, but the
correlation was statistically significant only in females.

When these values were compared with normal group
adolescents (normative data taken from a study done in South
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Figure 1: Correlation of standard deviation of RR interval with
reaction time in females. Correlation coefficient, » = —0.58
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Figure 2: Correlation of standard deviation of RR interval with
reaction time in males. Correlation coefficient, » = —0.25

India by Sharma et al.),'! significant difference was found
in relation to SDRR (P = 0.000) and RMSSD (P = 0.004)
parameters in females and in males significant difference
was found only with SDRR (P = 0.000) parameter. From
this, it shows that HRV is reduced in CV risk subjects both in
females and males as compared to normal subjects from the
study done by Sharma et a/.l'”

In the present study, lower HRV values were observed in
females as compared to males, which indicate less HRV in
CV risk female adolescents as compared to CV risk male
adolescents, thereby making the CV risk female adolescents
more prone to CV diseases.

These findings are in contrast to studies done by Silvetti
et al." and Sharma et al.' The reason for this could be
that our study was on adolescents with CV risk unlike these
studies which were on normal adolescents and also may be
due to less sample size in our study.

Female adults are considered to have better HRV than males
in terms of increased parasympathetic activity and decreased
sympathetic activity.'”! According to some authors, better
HRYV in females as compared to males is considered to be
due to difference in their hormonal profile — estrogen,
which decreases sympathetic activity, whereas testosterone
increases sympathetic activity.['*13]

Correlation of HRV parameters with RT showed negative
correlation with all parameters except with LFnu but was
statistically significant only with SDRR (P = 0.000) in females.
There was a negative correlation in males with all parameters
except with HFnuand LF/HF but was not statistically significant.
This negative correlation both in males and females, that is,
less is the HRV more is the RT, indicates decrease in cognitive
ability. Hence, from this study, it indicates that cognitive ability
is less in female as compared to male adolescents with CV risk.

The limitations of the present study were — normal control
group could have been included; less sample size; number of
females not exactly matched with the same number of males;
and time domain analysis could have been done for 24 h
period, which would yield better results.

CONCLUSION

Adolescents with CV risk have reduced HRV and such
individuals are more prone to CV diseases. RT, which is a
marker of cognitive ability, is increased in persons with
decreased HRV, and hence, such CV risk adolescents should
be followed up and given timely intervention.
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