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Abstract

Objective: To determine a correlation between autonomic systemic variability through measurement of time Domain
HRYV and intelligence quotient (high and average IQ) of medical college students.

Methods: It was a cross sectional study conducted at The Central Park Medical College Lahore. A total of 34 MBBS
students participated. Modified Wechsler Adult Intelligence Scale (WAIS) was used to calculate the IQ of students.
Assessment of autonomic function was done by determination of HRV through variables of time-domain using Lab Chart
version 8.0 with HRV module installed. It utilized Data Acquisition System with application of ECG two limb leads.
Mann-Whitney U test used to compare median values. Spearman's correlation was used to find any correlation.

Results: In our study population RMSDD, SDRR and pRR50% were compared with reference values and it was observed
that our study population HRV Indices were much higher than the reference values, but the difference did not reach
significance. No correlation was found between HRV of average and high IQ medical students.

Conclusion: Time domain of Heart rate variability was much higher in the medical students as compared to the reference
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values, but it did not reach statistical significance when compared between average and high IQ students.
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Introduction

Heart rate variability (HRV) indicates changes in intervals
oftime between successive heartbeats. It is calculated
by interfaces between the two parts of the autonomic
nervous system i.e sympathetic and parasympathetic.'

It’s known that these two system’s functions are anta-
gonistic to each other. When there is an increase in SNS
predominance raises heart rate, an increase in parasym-
pathetic nervous system has an opposite effect. The SNS
controls the fight-or-flight reaction in a multitude of
situations, while the parasympathetic nervous system
is for resting in a calm environment. Due to these cons-
tant opposing inputs from the sympathetic and parasym-
pathetic systems, the rhythm of heart sways cyclically all
the time around the mean heart rate’. By measuring this
fluctuation, we can determine the balance between these
two systems. The signals from the baroreceptors, in the
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internal carotid arteries and the aorta, would react to
the command of the heart requirements as a reaction to
stress felt by the body. These are varied such as levels
of blood pressure, heart rate etc. All these responses
can be calculated by changes in heartbeats which can be
characterized using HRV. Recent evidence advocated
that it might be an indicator for the normal working of
the medial portion Pre-Frontal Cortex.’

Lower finding on variability indicates disfunction of
the autonomic system and has been linked with lower
scores on test of cognitive.' Poor test score of cognition
tests linked with decreased HRV may be a result of fac-
tors linked with HRV or the absence of proper regulation
of brain perfusion by the autonomic nervous system.
Recently there is revival of interest regarding relation-
ship between HRV and intellect with study pointing out
that dysfunction in autonomic system may occur prior
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to the development of intellectual impairment. The
relation between them is not yet clear.”

The actions of the autonomic nervous system can be
estimated by HRV.** HRV, in R-R intervals, has been
acclaimed as a new way of calculating and detecting
risk posed to health in current time. HRV is like the
function of human ANS.° Aging affects the cognitive
functions of the human brain to such an extent that it
could affect an individual’s social as well as daily life
activities. The need to detect early biomarkers of changes
in cognitive functions in the background of a shift in
social and demographic conditions all over the world,
such an increase in aging population is on the rise. Auto-
nomic dysfunction has a negative impact on the cogni-
tive abilities of an individual.”* Keeping this in view-
point, a good correlate of intellectual functioning is HRV
thatis already a marker of hearts autonomic control.”"

Since the vagal tone of heart is linked to cognitive control
by several previous studies considering parasympathetic
activity of heart is required for adaptation to environ-
mental changes™"". A link between HRV and intellec-
tual performance has been registered. One study failed
to determine a relationship between these two. Specifi-
cally, a low HRV was linked to worse test scores'™".
People with higher HRV levels have a better capability
to control memory and to stem unrequired memories™.
Low HRYV has been connected with a poor score in verbal
memory™*. However, some studies could not find any
link between verbal ** or visuospatial memory™ and

HRV.

A research study conducted to expand the literature on
HRYV in cognitive performance score and tests examined
whether a refined threat cue in a testing environment
had an impact on HRV and whether this is linked with
changes in intellectual performance scores. This study
pointed out a plausible direct relationship between these
two parameters. They concluded that poor performance
on IQ test was observed after exposure to a threat cue
that lowered the subjects HRV. Previous literature empha-
sizes the role of autonomic variability and intellectual
functions. The data on this aspect is still scarce. Still,
itis possible to consider HRV a new early biomarker of
cognitive impairment in groups of people that do not
have stroke or dementia. HRV indices can be utilized
in the2 4future for early prevention of such conditions as
well.

By measuring physiological markers such as HRV and
1Q, a measure of cognitive abilities, we can explore
whether there is a correlation between autonomic ner-
vous system activity and cognitive performance among
medical college students. Assessing heart rate variability
and intelligence quotient in medical college students
can provide valuable insights into the potential relation-
ship between physiological and cognitive functioning.
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Methods

This study was conducted at The Central Park Medical
College Lahore. It was a cross-sectional study. As the
study was exploratory in nature with the study group
being a pool of first and second year MBBS students,
a non-probability sampling technique was utilized.
This meant that we performed convenience sampling
of all first- and second-year medical students who volun-
teered for the study. After approval from the institutional
review board, we collected data. A total of 34 MBBS
students volunteered to participate. Written informed
consent was taken on a predesigned proforma. Modified
Wechsler Adult Intelligence Scale (WAIS) was used to
calculate the 1Q of students. The students were brought
to the digital library and asked to fill in a time bound 1Q
assessment questionnaire that had 20 questions. The
software of the test automatically generates the IQ score
of each of the participants. These scores were recorded
on the biodata proformas.

Assessment of autonomic function was done by deter-
mination of HRV by calculating time-domain variables.
This is the simplest method of calculating autonomic
function. HRV was recorded with a noninvasive feed-
back technique at rest in the lying down position in a
private area of the laboratory. We used Lab Chart version
8.0 with HRV module installed. It utilized Data Acqui-
sition System with application of ECG two limb leads.
The following time-domain HRV parameters were of
interest and calculated in the software and values recor-
ded in separate proformas: RMSSD (square root of
mean of squares of difference between successive RR
intervals). The parameter has to do with shorter term
variability. SDRR (Standard Deviation of RR interval),
PR50% (percentage of successive intervals that are
differing by more than 50 ms), SDRR (The standard
deviation of the RR interval), CVRR (coefficient of
variation of RR intervals), Average RR and Median RR.
All the foregoing parameters were measured in milli-
seconds. A p-value of 0.05 was taken as suggestive of
statistical significance.

Results

A total of thirty-four students, 18-22 years, voluntarily
participated in the current study. There were 23 (67%)
males and 11 females (32.4%). The normality was tested
by Shapiro-Wilk test. Data was not normally distributed,
so we applied Mann Whitney U test to compare median
values. The median 1Q of study population was 100.
Most (26%) of the students had a normal IQ in range
0f90-109 (Table 1).

The median split method was used to categorize students
into two groups as having high (n=19, I1Q score >100)
and average 1Q (n=15, 1Q score< 100) groups. Median
1Q ofhigh was 121.27(18.280) and of IQ low was 89.48
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(18.28). The HRV indicators recorded and calculated
in the time domain are shown in table 2. These included
included Average RR, SDRR, SD Rate, Median RR
Average rate, SD Rate, CVRR, SDSD, RMSSD and
pRR 50%. Comparison between Average and High 1Q
groups and Time domain Heart rate Variability Indices
using Mann-Whitney U test. The simplest and most
reliable way for determination of heart rate variability
especially for large scale calculations is by Root Mean
Square of the difference between every heartbeat
(RMSSD). It measures the autonomic variability as
well as the status of parasympathetic activity.

We compared normal reference values of RMSDD,

Table 1: Interpretation of 1Q scores.

1Q Interpretation
130 and above very superior
120 - 129 superior
110 - 119 High average
90 -109 Average
80 - 89 Low average
7079 Boderline
69 and below Extremely Low

Table 2: Comparison between Average and
High 1Q groups

HRV indicator 010 GroupB
(ms) A(n=19) (n=15) p-value
Mean Mean

SDRR 60.012 54.439 0.768
RMSSD 46.608 35.562 0.931
PRR50 17.821 15.875 0.849
SDRR 60.012 54.439 0.327
CVRR .0794 .0748 0.615
Average RR 720.789 730.520 0.239
Median RR 720.157 728.633 0.239

SDRR and pRR50% with available median reference
values using one sample Wilcoxon signed rank test.
Our HRV Indices were much higher than the reference
values, but the difference did not reach significance as
shown in table 3.

Comparison of study population with normal refence

Table 3: Comparison of study population with normal

Study population Normal

Time Domain value (Group A reference

value

HRY Indices and B) value
RMSDD (ms) 41.73(34.398 27(2) 0.052
SDRR (ms) 57.55(29.5) 56.39 0.427
PRR50% (ms) 16.963(19.4) 13.1(4) 0.898
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values using One sample Wilcoxon signed rank test.

Spearman's correlation was used to find any correlation,
butitalso did notreach significance as shown in table 4.

Table 4: Correlation between IQ scores and HRV
indices
Time Domain HRY RMSDD SDRR pRR50%

Indices (ms) (ms) (ms)
Spearman’s Correlation ~ 0.72 1.39 0.86
coefficient
p-value 0.687 0434  0.629

Discussion

Heart variability and intelligence quotient are interrelated
and under study in the recent years. Our, study aimed to
investigate the relationship between first-year medical
students' intelligence quotient and their cardiac autono-
mic activity by measuring their HRV indices. In our
study we observed a high HRV in students with high 1Q
levels as supported by literature with no correlation.
Although the HRV indices in our study did have much
higher values than the reference values reported by an
Indian study’ but the difference between these two did
not reach statistical difference. IQ and academic perfor-
mance are interdependent, as observed in a cohort study
conducted on first year medical students in India measu-
ring personality traits, heart rate variability and resting
heart rate. Although relationship was evident but statis-
tically significant correlation between academic perfor-
mance, resting heart rate and HRV indices was not estab-
lished. Many studies exhibited an association between
poor academic performance and lower HRV 15, however
two other studies 19 did not confirm these findings.

Association between HRV and executive functions
encompassing both time and frequency domains has
been studied as observed in literature on large samples™**".
Relationship of different executive functions and HRV
was confirmed”*"***. A study witnessed comparison
within subjects with high and low HRV (indexed by
RMSSD) in resting state, demonstratinga better action
cascading and highlighting an association between
best function of the prefrontal-subcortical inhibitory
circuits that bear responses to demands of the enviro-
nment and high resting HRV.” Cognitive functioning
and HRV domains did not depict any correlation even
on large samples of people with common characteristics
as other studies, a contrast to the literature."

Inconsistency within studies maybe due to diversity and
variability within the data, attributed to the methodo-
logies adopted. In the prospective studies enrollment
of participants in phases which may have led to selection
bias. Male predominance (72%) may be considered as
another reason for the contrasting results. Studies support
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more RR interval, more LF-HRV and decreased HF _
HRYV in males compared to females.” Poor performance
was predicted with low HRV on tasks encompassing
executive functions. This prediction was independent
of clinical, behavioral and demographic confounding
variables.

A constraint of our study was the homogeneity of the
study population chosen and therefore limiting the
generalizability of results. Medical students enrollment
can lead to selection bias, as HRV and IQ may be by
factors such as personality traits, genetic makeup and
stress levels which were not excluded. Additional inves-
tigations in appropriate student populations will further
establish and unravel the nuances in the relationship
between intelligence quotient and objective markers
of cardiac autonomic functioning.

Conclusion

Heart rate variability was much higher in the medical
students as compared to the reference values but it did
not reach statistical significance when compared bet-
ween average and high [Q students.

Recommendation: Conduct further studies on larger
sample size.

Ethical Approval: The IRB/EC approved this study
via letter no. CPMC/IRB-NO/1392 dated 14-03-2023.

Conflict of Interest: None

Funding Source: None

Authors’ Contribution: Role and contribution of authors
followed ICMIJE recommendations

References

1. Zeki Al Hazzouri A, Elfassy T, Carnethon MR, Lloyd-
Jones DM, Yaffe K. Heart rate variability and cognitive
function in middle-aged adults: the Coronary Artery
Risk Development in Young Adults. Am J Hypertens
2018;31(1):27-34.

2. Tarvainen MP, Niskanen JP, Lipponen JA, Ranta-Aho
PO, Karjalainen PA. Kubios HRV—heart rate variability
analysis software. Comput Methods Programs Biomed.
2014;113(1):210-20.

3. ThayerlJF, AhsF, Fredrikson M, Sollers 117, WagerTD.
A meta-analysis of heart rate variability and neuroima-
ging studies: implications for heart rate variability as
a marker of stress and health. Neurosci Biobehav Rev.
2012;36(2):, 747-56.

4.  Elias MF, Goodell AL, Dore GA. Hypertension and
cognitive functioning: a perspective in historical context.
Hypertension 2012; 60(2):260-8.

5. Quintana DS, Guastella AJ, Outhred T, Hickie IB, Kemp
AH. Heart rate variability is associated with emotion
recognition: direct evidence for a relationship between
the autonomic nervous system and social cognition.
IntJ Psychophysiol, 2012;86(2):168-72.

Vol. 05 Issue, 04 October - December 2024

10.

11.

12.

13.

14.

15.

16.

17.

18.

J Pak Soc Intern Med

Castaldo R, Melillo P, Bracale U, Caserta M, Triassi M,
Pecchia L. Acute mental stress assessment via short
term HRV analysis in healthy adults: A systematic review
with meta-analysis. Biomed Signal Proc Cont. 2015;
18(4):370-7.

Thayer JF, Lane RD. Claude Bernard and the heart —
brain connection: further elaboration of a model of
neurovisceral integration. Neurosci Biobehav Rev.
2009;33(2):81-8.

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

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

Reyes del Paso GA, Langewitz W, Mulder LJ, Van Roon
A, Duschek S. The utility of low frequency heart rate
variability as an index of sympathetic cardiac tone: a
review with emphasis on a reanalysis of previous studies.
Psychophysiol. 2013;50(5):477-87.

Porges SW. Cardiac vagal tone: a physiological index
of'stress. Neurosci Biobehav Rev. 1995;19(2):225-33.

Hansen AL, Johnsen BH, Thayer JF. Vagal influence
working memory and attention. Int J Psychophysiol.
2003;48(3):263-74.

Duschek S, Muckenthaler M, Werner N, Del Paso GA...
Relationships between features of autonomic cardio-

vascular control and cognitive performance. Biol Psy-
chol.2009;81(2):110-7.

Duschek S, Hoffmann A, Montoro CI, del Paso GA.
Autonomic cardiovascular dysregulation at rest and
during stress in chronically low blood pressure. Journal
of Psychophysiology. 2017;33(1): 39-53.

Britton A, Singh-Manoux A, Hnatkova K, Malik M,
Marmot MG, Shipley M. The association between
heart rate variability and cognitive impairment in middle-
aged men and women. The Whitehall IT cohort study.
Neuroepidemiol. 2008 Jul 31;31(2):115-21.

Melis C, van Boxtel A. Differences in autonomic physio-
logical responses between good and poor inductive
reasoners. Biol Psychol. 2001 Nov 1;58(2):121-46.

Kim DH, Lipsitz LA, Ferrucci L, Varadhan R, Guralnik
IJM, Carlson MC, et al. Association between reduced
heart rate variability and cognitive impairment in older
disabled women in the community: women’s health
and aging study 1. ] Am Geriatr Soc. 2006; 54(11): 1751-
7.

Solerné JI, Chada DP, Guinjoan SM, Lloret SP, Hedder-
wick A, Vidal MF, et al. Cardiac autonomic activity
predicts dominance in verbal over spatial reasoning

tasks: results from a preliminary study. Auton Neurosci.
2012;167(1-2):78-80.

Page -714



19.

20.

21.

22.

23.

24.

Frewen J, Finucane C, Savva GM, Boyle G, Coen RF,
Kenny RA. Cognitive function is associated with im-
paired heart rate variability in ageing adults: the Irish
longitudinal study on ageing wave one results. Clin
Auton. Res. 2013;23:313-23.

Zeki Al Hazzouri A, Elfassy T, Carnethon MR, Lloyd-
Jones DM, Yaffe K. Heart rate variability and cognitive
function in middle-aged adults: coronary artery risk
development in young adults. Am J Hypertens. 2018;
31(1):27-34.

Mahinrad S, Jukema JW, Van Heemst D, Macfarlane
PW, Clark EN, De Craen AJ. 10-Second heart rate vari-
ability and cognitive function in old age. Neurol. 2016;
86(12):1120-7.

Gillie BL, Vasey MW, Thayer JF. Heart rate variability
predicts control over memory retrieval. Psychol Sci.
2014;25(2):458-65.

Shah AJ, Su S, Veledar E, Bremner JD, Goldstein FC,
Lampert R, etal. Is heart rate variability related to memory

performance in middle-aged men? Psychosomatic
Med.2011;73(6):475-82.

Forte G, Favieri F, Casagrande M. Heart rate variability
and cognitive function; a systemic review.2019, Front.
Neurosci. 2019;13(7):710.

Vol. 05 Issue, 04 October - December 2024

25.

26.

27.

28.

29.

J Pak Soc Intern Med

Kimhy D, Crowley OV, McKinley PS, Burg MM,
Lachman ME, Tun PA,, etal. The association of cardiac
vagal control and executive functioning—findings from
the MIDUS study. J Psychiatr Res. 2013;47(5):628-35.

Hansen AL, Johnsen BH, Sollers JJ, Stenvik K, Thayer
JF.. Heart rate variability and its relation to prefrontal
cognitive function:the effects of training and detraining.
Eur JAppl Physiol. 2004 ;93(4):263-72.

Mann SL, Selby EA, Bates ME, Contrada RJ. Integra-
ting affective and cognitive correlates of heart rate vari-
ability: a structural equation modeling approach. Int.
J Psychophysiol. 2015;98(1):76-86.

Colzato LS, Steenbergen L. High vagally mediated
restingstate heart rate variability is associated with

superior action cascading. Neuropsychologia. 2017,
DOI:10.1016/j.neuropsychologia.2017.08.030

Koenig J, Thayer JF. Sex differences in healthy human
heart rate variability: a meta-analysis. Neurosci Biobehav
Rev. 2016;;64(2):288-310.

Page -715



	Page 38
	Page 39
	Page 40
	Page 41
	Page 42

