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ABSTRACT

Background: Initiated by biological plausibility and supported by the pilot study, we observed possibility of associations 
between cardiovascular autonomic milieu and academic performances. As there are established cognitive ability differences 
among gender in literature, we designed a study to observe the differences in the basal autonomic activity as well as the manner 
of association between autonomic activity and academic performance between genders. Considerable lacunae in literature 
on this aspect also warranted for scientific introspection on this lacuna. Aims and Objective: The aim of this study is to 
observe the association between resting short-term heart rate variability (HRV) indices and University marks of anatomy, 
biochemistry, and physiology in young male and female medical students. Materials and Methods: Cross-sectional 
observational study with 102 healthy young participants in which 34 boys and 68 girls between 18 and 22 years were 
included by convenient sampling after assessing the inclusion and exclusion criteria. HRV is computed under standard 
conditions as per the task force recommendations in time and frequency domains. The academic performance is assessed 
by University examination marks at the end of the 1st year. The comparison of HRV parameters, academic performance, 
and their associations was analyzed separately by gender. Type 1 error allowance fixed at 5% but considering the high 
dispersion of HRV data, P values between 0.1 and 0.05 were also discussed. Results: Mean RR intervals showed a 
negative correlation with academic performance in males. Time domain and geometric indices of HRV showed a negative 
correlation in boys but not in girls. In case of frequency domain indices, all indices of sympathetic activity showed a 
positive correlation with academic performance in boys and not in girls. Furthermore, sympathetic indices are more in males 
compared to females. All indices of parasympathetic reactivity were negatively correlated with academic performance in 
males. Conclusion: High-sympathetic activity is correlated with better cognitive ability in males but the same association 
is not seen in females.
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INTRODUCTION

Male and female sex hormones play a significant role in the 
cardiovascular autonomic reactivity.[1] Higher sympathetic 
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reactivity are seen in male gender for a given standardized 
stimulus.[2] Diseases related with higher cardiovascular 
sympathetic activity and resulting morbidity are common 
in male as compared to females.[3] On the contrary, females 
suffer from conditions of poor sympathetic reactivity or 
increased parasympathetic reactivity.[4] The incidence of 
vasovagal attacks is common in young females. Scientific 
literature do support the difference in autonomic reactivity 
among gender but not free from conflicting observations.[5,6]

Autonomic tone refers to the resting basal discharge or 
basal activity free from physiological perturbations or 
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challenges.[7] This is in sharp contrast to autonomic reactivity 
which measures the degree of change or activity of a system 
in response to a given stimulus.[8] Autonomic tone is usually 
communicated in scientific literature as autonomic balance or 
sympathovagal balance, which does not indicate the absolute 
magnitude of activity of parasympathetic and sympathetic 
system but only the ratio of two activities. Heterogeneity 
exists in the manner of difference in autonomic nervous 
system activity among gender.[9,10] This conflicting finding 
warrants for the conduction of further studies.

In terms of evolutionary shaping, male and female of any 
species have differential bodily specialties or abilities. 
This is to cater to the needs of challenges. Differential 
cognitive capabilities are expressed among genders and 
are well established in literature.[11] Autonomic nervous 
system is intimately related to cognition as it determines 
the level of arousal, emotional quotient, memory, and 
ultimately learning.[12] The sympathetic nervous system is 
pivotal in increasing the cognitive abilities during times of 
emergency.[13] Decreased sympathetic activation has been 
reported in diseases affecting cognition.[14] Studies relating 
basal autonomic activity and cognitive ability are not 
available in literature. As there are differences in autonomic 
activity among gender, the authors of this study hypothesize 
that it must be reflected in the cognitive abilities also, and a 
certain degree of differential association is expected between 
the state of the cardiovascular autonomic nervous system and 
cognitive ability between genders.

Heart rate variability (HRV) has emerged out as a tool to 
measure the cardiovascular autonomic tone. It provides data 
about overall HRV as well as the individual contributions of 
parasympathetic and sympathetic nervous system.[15] HRV 
is measured by a 5-min lead II electrocardiography (ECG) 
recording. Unlike procedures such as the muscle sympathetic 
nerve activity and baroreceptor afferent ramp frequency, 
electrocardiogram being a very robust signal is very easy to 
record. The present day software tools quickly and accurately 
measure the RR interval, plot RR tachogram, and measure the 
HRV in both time and frequency domains in a short span of 
time. Therefore, in this study, the cardiovascular autonomic 
tone is ascertained through short-term HRV through a 5-min 
ECG recording.

Judgments on academic performance are done by summative 
assessments. University degree examinations at the end of 
year are best to assess the overall performance of the student. 
In the present study, cognitive abilities are measured by 
academic performance. University marks are used as the 
measure of cognitive ability.

Therefore, in the present study, the authors were 
interested in observing if there is a difference in resting 
cardiovascular autonomic activity among gender, as well as 
to observe if there is any difference in association between 

cardiovascular autonomic milieu and autonomic activity 
among the gender.

Objectives of the Study

1. To compare the time domain indices of HRV in male and 
female participants

2. To compare the frequency domain indices of HRV in 
male and female participants

3. To find the association between University marks in 
anatomy, biochemistry, and physiology marks with time 
domain parameters of HRV

4. To find the association between University marks in 
anatomy, biochemistry, and physiology marks with 
frequency domain parameters of HRV.

MATERIAL AND METHODS

Study Design

Observational study, cross-sectional type.

Study Setting

Electrophysiology Laboratory, Department of Physiology, 
Aarupadai Veedu Medical College, Puducherry.

Study Period

July 2015-July 2017 (2 years).

Sampling Frame

3rd, 4th, and 5th Semester MBBS students.

Sampling Method

Convenient sampling type.

Sampling Size

A total of 100 samples were planned in the protocol with equal 
distribution in gender. However, the study is now presented 
with data from 102 samples with 34 boys and 68 girls.

Inclusion Criteria

1. Volunteer MBBS students belonging to 3rd, 4th, and 
5th semesters.

2. Age: 18-22 years.
3. Students who have cleared 1st year partcipants in the first 

attempt.

Exclusion Criteria

1. Known case of any chronic conditions or on any 
medications.
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2. Physiological abnormalities detected in clinical 
examinations before including in study.

3. ECG was found abnormal during the study.
4. Sports persons or athletes.
5. Acute infection/illness during the time of recording.
6. 1st-year MBBS student (to avoid autonomy issue in 

consenting).

Methods of Collection of Data

Sampling and subject inclusion

Through oral announcement, interested volunteers were 
included in the study after getting their informed consent in 
writing. They underwent basic clinical examination to rule 
out any pre-existing abnormality and included in the study 
based on the inclusion and exclusion criteria.

Basic anthropometry

Height, weight, body fat percentage, and skinfold were 
measured. Height was measured using a wall mounted 
stadiometer to the nearest millimeter. Weight was measured 
by Belita BS-D-1123, digital weighing balance to the nearest 
0.1 kg. The body fat percentage was measured by Citizen 
Body Fat Analyzer BM100, Citizen systems Japan Co., Ltd., 
by bioimpedance method to the nearest 0.1%. The triceps 
skinfold was measured by ABS slimguide calipers to the 
nearest millimeter.

ECG and blood pressure recording

All ECG recordings were done between 4.00 pm and 
5.00 pm after class hours. Participants were confirmed for 
nil neurostimulant foods in the preceding 3 h. The participant 
was allowed to take supine rest in a dim lighted room with 
comfortable ventilation for 5 min. This was followed by a 
6 min recording of lead two ECG at the rate of 256 samples 
per second and at 10-bit resolution by four channel digital 
polygraph PG4, INCO, India, communicating through RS232 
port to a windows-based user interface software Niviqure V56 
by Niviqure Meditech Pvt., Ltd., Bengaluru, India. At the end 
of the recording, resting heart rate and brachial blood pressure 
in the right arm was measured oscillometrically by Rossmax 
MJ701, Rossmax Swiss GmbH, Switzerland, automated blood 
pressure monitor in duplicate. All ECG recordings employed 
limb electrodes, and in case of girl student recordings, lady 
teaching faculty was present throughout the recording.

Post-recording, the discrete voltage data points of ECG are 
exported in the American Standard Code for Information 
Interchange (ASCII) format and converted to pulse-code 
modulation (PCM) wave file by GoldWave software. PCM 
wave file is read by Audacity software where beat detector 
function labels and exports R-wave position in ASCII text 
file. RR intervals were then computed in Microsoft Excel and 
saved as text file.

Computation of HRV indices

This text file was opened by the HRV analysis software HRV 
v1.0, Biosignal Analysis Group, Kuopio, Finland,[16] and the 
HRV in time and frequency domains were noted from 300 s 
data following the task force recommendations.[17]

The recordings were done after the University examination. 
All students of the same semester were recorded within a 
month time to avoid heterogeneity. Recordings were stopped 
1 day prior and after a scheduled class test.

Parameters Recorded

a. Basic details: Name, age, gender, physical activity, and 
medical history.

b. Anthropometric measurements: Height, weight, body 
mass index (BMI), body fat percentage, and triceps skin-
fold thickness.

c. HRV measurements
•	 Time	 domain	 parameters:	 Mean	 RR	 interval	

(MRR), standard deviation of normal-to-
normal intervals (SDNN), root mean square 
of successive SD (RMSSD), and number of 
instances where consecutive RR intervals differed 
by more than 50 ms (NN50), percentage of NN50 
divided by total number of RR intervals (pNN50).

•	 Geometric	 indices:	 RR	 triangular	 index	 (RRTi)	
and triangular interpolation of normal-to-normal 
intervals (TINN).

Frequency Domain Parameters

Very low frequency (VLF), LF, HF, VLF power percentage 
(VLFPP), LFPP, high frequency PP (HFPP), LF normalized 
(LFNU), HF power normalized (HFNU), and LF/HF ratio.

Academic Performance Parameters

Three 1st-year MBBS participants are chosen - anatomy, 
biochemistry, and physiology. In each participant internal 
assessment (IA) practical, IA theory, record marks, University 
Viva voce, University theory marks, University practical 
marks, and total marks are taken for analysis. Absolute marks 
in the mark sheet are used and not percentage.

Analysis of Data

Data analysis was done in SPSS version 20. Descriptive details 
of data are presented as both mean ± SD as well as median, 
interquartile range. Correlation between autonomic indices and 
academic parameters are done by Spearman’s correlation. The 
allowed Type 1 error is fixed at <5% to reject the null hypothesis. 
However, with due consideration to the high variance of HRV 
parameters, correlation coefficients with P value between 0.05 
and 0.1 are also discussed with due mention.
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Ethical Clearance

Ethical clearance was obtained from the Institute 
Ethics Committee, Aarupadai Veedu Medical College, 
Puducherry.

RESULTS

Findings of the presents study are depicted in Tables 1-9.

DISCUSSION

There is no significant difference in the age and BMI among 
the genders (Table 1). However, males had significantly lesser 
body fat and triceps skinfold thickness compared to women. 
This finding is consistent with study by Nielson et al.[18] Males 
are found to have significantly lesser heart rates but more 
systolic blood pressures than their female counterparts. These 
are consistent with studies by Wiinberg et al. and Khoury 
et al.[19,20] There is no significant difference in diastolic blood 
pressures between genders, but we observed a higher mean 

blood pressures in males, though not statistically significant 
(P = 0.067).

In case of time domains, measures of HRV and MRR were 
found to be significantly different between genders (Table 2). 
Males had significantly longer MRR interval than females. 
That is males had lower heart rates as compared to females. 
There is no significant differences in the other time domain 
indices such as SDNN, RMSSD, NN50, and pNN50. These 
results are also partly consistent with results of Voss et al.[21] 
The geometric indices such as RRTI and TINN also did not 
show any statistically significant difference between genders.

Data from frequency domain indices showed a statistical 
difference in fast Fourier transform (FFT)-LFPP between 
genders. Males had higher FFT-LFPP compared to females 
(Table 3). Unpaired t-test significance yielded a P = 0.046 
and median comparisons using Mann–Whitney U-statistic 
rejected null hypothesis at a P = 0.037. This revealed that 
males had significantly higher cardiovascular sympathetic 
activity compared to women. The other frequency domain 

Table 2: Descriptive data of time domain indices in male and female participants
Parameter Male (n=34) Female (n=68) Mean 

comparisons  
(unpaired t‑test) P

Median comparisons  
(Mann–Whitney 

U‑test) P
Mean±SD Median, IQ 

range
Mean±SD Median, IQ 

range
MRR (ms) 0.88±0.14 0.87, 0.74-0.99 0.77±0.14 0.78, 0.70-0.84 0.312
SDNN (ms) 0.0476±0.02 0.0470, 0.04-0.06 0.0479±0.03 0.040, 0.03-0.06 0.952 0.345
RMSSD (ms) 46.98±20.31 44.45, 28.75-62.60 48.22±41.00 39.75, 23.00-62.73 0.839 0.972
NN50 (counts) 79.12±55.16 78.50, 23.75-129.50 84.34±74.64 70.00, 14.25-142.75 0.691 0.412
pNN50 (counts) 24.52±17.82 24.40, 6.43-41.33 23.08±21.58 17.00, 3.33-37.25 0.721 0.433
RRTi (%) 0.10±0.07 0.09, 0.07-0.11 0.11±0.13 0.08, 0.06-0.10 0.711 0.177
TINN (ms) 239.59±74.30 237.50, 

180.00-296.25
221.87±106.71 205.00, 

145.00-287.50
0.332 0.001

MRR: Mean RR interval, SDNN: Standard deviation of normal-to-normal intervals, RMSSD: Root mean square of successive standard 
deviation, NN50: Number of instances where consecutive RR intervals differed by more than 50 ms, pNN50: Percentage of NN50 divided by 
total number of RR intervals, RRTi: RR triangular index, TINN: Triangular interpolation of normal-to-normal intervals, IQ: Interquartile

Table 1: Anthropometry and basic cardiovascular details of male and female participants
Parameter Male (n=34) Female (n=68) Mean 

comparisons  
(unpaired 
t‑test) P

Median 
comparisons  

(Mann–Whitney 
U‑test) P

Mean±SD Median, IQ 
range

Mean±SD Median, IQ 
range

Age (days) 7394.82±372.66 7350.00, 
7110.25-7729.25

7364.82±347.00 7404.50, 
7109.25-7573.25

0.696 0.683

BMI (kg/m2) 23.79±4.11 22.89, 20.78-26.54 23.44±4.56 22.60, 20.14-26.46 0.694 0.634
BF percent 21.52±6.40 22.00, 17.30-26.75 28.60±10.96 30.75, 24.60-36.08 0.000 0.000
TSFT (mm) 15.94±6.77 16.00, 11.00-21.25 22.44±7.81 22.00, 16.25-28.50 0.000 0.000
RHR_M (BPM) 73.69±14.12 69.50, 63.25-80.00 81.73±10.67 82.00, 75.50-88.50 0.005 0.001
RSB_M (mmHg) 111.75±14.89 108.50, 

101.88-120.13
102.24±9.67 100.25, 

96.25-107.50
0.001 0.001

RDB_M (mmHg) 67.13±10.48 65.25, 61.00-73.63 65.75±8.10 65.25, 60.13-70.38 0.503 0.647
RMP (mmHg) 82.00±11.11 80.42, 76.29-88.75 77.91±8.07 76.92, 71.79-81.42 0.062 0.051

IQ: Interquartile, BMI: Body mass index, RHR: Resting heart rate, BF: Body fat, TSFT: Triceps skinfold thickness, RSB_M: Mean resting 
systolic blood pressure, RDB_M: Mean resting diastolic blood pressure, RMP_M: Mean resting mean blood pressure, BPM: Beats per minute
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indices did not show any statistically significant differences. 
These findings are partly consistent with findings of Ryan 
et al.[22]

Correlation between anatomy marks and time domain indices 
(Table 4) revealed a significant positive correlation between 
MRR and IA practical’s. Higher MRR reflects higher 
parasympathetic activity. Therefore, higher parasympathetic 
activity in females is correlated with better academic 
performance. NN50, which is a measure of overall HRV, 
showed a significant negative correlation with IA practical’s. 
Therefore, higher HRV is found to have negative association 
with academic performance in males. The geometric index 
RRTi showed again a significant negative correlation with IA 
practical marks. In case of IA theory SDNN, RMSSD, NN50, 
pNN50, RRTi, and TINN showed statistically significant 
negative correlation with academic performance. Such 
correlations were not observed in case of females.

Record marks in anatomy again revealed a significant negative 
correlation with NN50 only in males (Table 4). Viva marks 
in anatomy though showed a negative correlation with time 
domain indices in males did not show statistical significance. 
Such trends were not observed in females. Practical marks 
in anatomy did not show any such correlations in males 
and females. Theory marks in the anatomy through a rough 
negative correlation with many time domain indices did not 
reveal statistical significance. In case of total marks in anatomy, 
MRR, and RRTi were found to have statistically significant 
negative correlation with academic performance only in males.

In the subject of biochemistry, the practical IA did not 
show any significant correlations with time domain indices 

(Table 5). Again in males, RRTi was negatively correlated 
with practical IA but not statistically significant (r	=	−0.330,	
P = 0.057). MRR, pNN50, and RRTi are negatively 
correlated with theory IA in a significant manner only in 
males. Record marks did not correlate with any time domain 
indices in a significant manner. Although viva marks in 
anatomy did correlate negatively with RRTi in males, it did 
not show statistical significance (P = 0.079). Practical marks 
in biochemistry negatively and significantly correlated with 
RRTi in males but with MRR not significantly (P = 0.064). 
Theory marks in biochemistry negatively and significantly 
correlated with MRR, RMSSD, NN50, pNN50, RRTi, and 
TINN in males. In case of males, the negative correlation 
between SDNN and theory marks is short of statistical 
significance. (P = 0.05). Total marks in anatomy negatively 
and significantly correlated with MRR, pNN50, and RRTi in 
males. In case of RMSSD and NN50, the negative correlation 
had P = 0.085 and 0.079, respectively. Thus, in biochemistry, 
all marks are negatively correlated with time domain indices 
in males alone. Such correlations are not seen in females.

In the subject of physiology, no statistical significance is 
observed between practical IAs and time domain indices in 
both the genders (Table 6). However, in case of theory IA, 
significant negative correlations are observed with MRR, 
SDNN, RMSSD, NN50, pNN50, RRTi, and TINN in males. 
Such correlations are not observed in females. Record marks 
did not show statistically significant correlations with any of 
the time domain indices in both the genders. Viva marks are 
positively and significantly correlated with MRR in females. 
Significant negative correlations were observed with RRTi 
in males. Practical marks negatively correlated with pNN50 
and RRTi in males. Theory marks did not correlate with 

Table 3: Descriptive data of frequency domain indices in male and female participants
Parameter Male (n=34) Female (n=68) Mean 

comparisons  
(unpaired t‑test) P

Median 
comparisons  

(Mann–Whitney 
U‑test) P

Mean±SD Median, IQ 
range

Mean±SD Median, IQ 
range

FFT_VLFP (ms2) 124.12±88.06 116.50, 
54.00-174.50

116.74±117.52 116.50, 
57.00-138.50

0.723 0.392

FFT_LFP (ms2) 345.18±274.64 249.50, 
136.00-558.75

274.25±250.44 249.50, 
109.50-393.75

0.210 0.096

FFT_HFP (ms2) 335.94±332.96 247.50, 
106.00-425.00

420.25±682.03 247.50, 
84.25-545.25

0.404 0.804

FFT_VLFPP (%) 18.14±9.07 18.35, 9.78-22.58 20.35±11.72 18.35, 11.20-28.45 0.297 0.528
FFT_LFPP (%) 43.78±13.16 42.85, 33.48-53.20 38.25±12.52 42.85, 31.05-45.53 0.046* 0.037
FFT_HFPP (%) 38.19±13.86 35.20, 29.43-47.73 41.76±18.24 35.20, 27.63-56.25 0.274 0.297
FFT_LFNU 53.50±15.22 56.30, 41.93-64.35 54.45±42.92 56.30, 37.25-63.05 0.871 0.281
FFT_HFNU 46.43±15.21 43.70, 35.65-58.08 49.66±18.17 43.70, 36.95-62.75 0.347 0.277
FFT_LF_HF_Ratio 1.42±0.91 1.29, 0.72-1.81 1.52±2.03 1.29, 0.58-1.70 0.723 0.198

SD: Standard deviation, FFT: Fast Fourier transform, IQ: Interquartile, VLF: Very low-frequency, VLFP: Very low-frequency power, 
VLFPP: Very low-frequency power percentage, LF: Low frequency, LFP: Low-frequency power, LFPP: Low-frequency power 
percentage, LFNU: Low-frequency normalized, HF: High frequency, HFP: High-frequency power, HFPP: High-frequency power 
percentage, HFNU: High-frequency normalized
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any of the time domain indices. Total marks in physiology 
had significant negative correlations with RRTi in males. 
However, in RMSSD, NN50, and pNN50, the negative 
correlation in males had P = 0.098, 0.088, and 0.060, 
respectively.

In case of frequency domain indices the following is observed.

In case of anatomy, practical IA did not correlate with any 
of the frequency domain indices (Table 7). However, in 
case of females negative correlation between VLF power 
(VLFP) and practical IA marks were observed though not 
statistically significant with a P = 0.069. Significant negative 
correlations were observed between IA theory and VLFP, 
LFP, HFP, and HFPP in males and VLFP in females. Record 
marks had significant negative correlations with HFP, HFPP, 
and HF NU as well as significant positive correlations with 
VLFPP, LF NU, and LF HF ratio in males alone. Viva and 
practical marks did not significantly correlate with any of 
the frequency domain indices in both the genders. In case 
of theory marks, a similar finding corresponding to record 
marks was observed but without statistical significance. In 
case of total marks in anatomy, positive correlation with LF 
PP and negative correlation with HF PP were observed with 
P = 0.093 and 0.085, respectively, in males only.

In biochemistry, practical IA marks had significant negative 
correlation with VLFPP and LF NU in females alone 
(Table 8). In males, a positive correlation is observed 
between aforementioned parameters, though not significant. 
In case of theory IA, significant negative correlations were 
observed between VLFP in females alone. In males, a 
negative correlations were observed in case of VLFP and HFP 
with P = 0.072 and 0.058, respectively. Record marks were 
positively and significantly correlated with LFPP in males. 
In case of LFNU, it is positively correlated and HF NU it is 
negatively correlated with P = 0.080 and 0.080, respectively, 
in males. Record marks in anatomy were positively 
correlated with LF HF ratio in males with a P = 0.078. Viva 
marks in biochemistry did not correlate significantly with 
any of the frequency domain parameters. Practical marks 
in biochemistry also did not correlate significantly with any 
frequency domain parameters, however, in case of HFPP 
it is negatively correlated with a P = 0.055. Theory marks 
in biochemistry were significantly correlated in a negative 
manner with VLFP, LFP, HFP, and HFPP in males alone. 
Total marks in biochemistry did not correlate significantly 
with any of the frequency domain indices in both the genders. 
In males, HFPP negative correlated with total biochemistry 
marks with P = 0.064.

In physiology, practical IA marks did not correlate with 
any of the frequency domain indices in both the genders 
(Table 9). In case of theory IA marks, significant negative 
correlations were observed between VLFP, LFP, HFP, and 
HFPP in males and VLFP in females. Record marks in 
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physiology had negative correlations with VLFP in females 
alone. Viva marks in physiology were negatively correlated 
with VLFP significantly in females alone. However, in case 
of males, positive correlations with LF NU and negative 
correlations with HF NU were observed with P = 0.084 and 
0.084, respectively. Practical marks did not correlate with any 
of the frequency domain indices in both the genders. Theory 
marks were significantly correlated with LF NU in a positive 
manner and HF NU in a negative manner in males alone. 
Total marks in physiology in males were significantly and 
positively correlated with LFPP. Furthermore, in males, there 
is a positive correlation with LF NU (P = 0.056), negative 
correlation with HF NU (P = 0.056), and negative correlation 
with HFPP (P = 0.056). In case of females, total physiology 
marks were negatively correlated with VLP alone.

Strength and Limitations of the Study

Strengths

1. Very little studies were conducted in this aspect, and 
therefore can be a novel and reference study.

2. Confounding factors such as age, timing of recording, 
time from food intake, intake of neurostimulants, and 
other stressors have been carefully analyzed and their 
effects are prevented.

3. 1st-year students were not included so that autonomy for 
consenting for the study is not jeopardized.

4. Participants witnessed the recording sessions of the 
previous volunteers and so did not suffer from anxiety 
during their recording sessions.

Limitations

1. Non-randomized study.
2. Every effort to get a larger sample was attempted. 

However, due to practical constraints, only the present 
sample size was accomplished. A larger sample is 
preferable.

3. Although there are associations that showed statistical 
significance because of the sample size many lost 
statistical significance marginally. Again, a better sample 
size must be attempted in the subsequent studies that 
follow.

CONCLUSION

Time domain indices reveal a strong negative association 
between an overall HRV and academic performance in 
males alone. Frequency domain indices reveal a negative 
association with absolute powers of VLF, LF, and HF in 
males and females. However, when considered in power 
percentage, NU unit, and LF-HF ratio, it is very evident that 
academic performance is directly proportional with indices 
of sympathetic activity and indirectly proportional with 
indices of parasympathetic activity in males alone. Academic 

performance is better with increased sympathetic activity 
in males and in case of females a similar correlation is not 
observed. Therefore, we conclude that cognitive ability is 
directly proportional with sympathetic activity and negatively 
proportional with parasympathetic activity in males alone.
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