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ABSTRACT

Background: Stress is an inevitable part of life. It is a known fact that health of students is affected by the stresses 
of academic life. Excessive stress results in psychological problems such as depression, anxiety, substance abuse, poor 
decision-making, and suicide ideation. Stress disrupts the physiological functions of the body by affecting the brain. 
Cardiovascular system is also affected by stress. Stress and arrhythmias are linked with each other. Electrocardiogram 
(ECG) is commonly used to study cardiovascular disorders. This study was undertaken to highlight the effect of acute mental 
stress on the electrocardiographic changes and heart rate variability in first MBBS students. Aims and Objectives: The 
objectives of this study were as follows: 1. To assess the ECG changes and heart rate variability during stress in medical 
students and 2. to compare the changes of ECG and heart rate variability in resting state and during stress condition. 
Materials and Methods: After obtaining ethical clearance, the study included 50 healthy medical 1st year students in the 
age group of 18–22 years. ECG was recorded in those students at rest in supine position. Then, mental stress was induced 
on each by a number of mental tasks and ECG was recorded in them immediately. ECG recordings in relaxed state were 
compared with those in acute stress state. Results: There was statistically significant increase in heart rate, QTC, and P 
duration and decrease in PR, QRS, and QT interval in that QT interval was statistically significant found during acute 
mental stress. Conclusion: The study shows that there were varieties of ECG changes in acute mental stress that may affect 
the skill developments in medical graduates. Early identification, awareness creation, and necessary interventions such as 
meditation, yoga, body scanning, deep breathing, and self-massage may decrease the same.
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INTRODUCTION

Stress is an inevitable part of life. It is a state characterized 
by a broad range of physiological and behavioral changes 
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resulting from one or more stressors. Biologically, it is defined 
as “the non-specific response of the body to any demand.[1] 
Stress is of two kinds - eustress - a positive form of good 
stress that motivates an individual to continue working and 
distress - manifests when stress is no longer tolerable and/or 
manageable.[2]

It is a known fact that health of students is affected by the 
stresses of academic life.[3] Several international studies have 
revealed that high rates of health problems and tremendous 
stress were seen in medical students during various stages 
of their medical education including undergraduate and 
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postgraduate levels.[4-6] The initial years of the course were 
more stressful for students than the last years of the course.[7]

Stressors specific to medical students are found to be 
information and input overload, relationships disharmony, 
high parental expectations, financial indebtedness, lack 
of leisure time, pressures of work, work relationships, and 
career choices.[4] Communication gaps in English and the 
local language might also induce academic-related stress.[8]

Studies conducted on medical students at different countries 
have shown that they are at risk of psychological stress, 
mental disorders, and decreased life satisfaction.[9,10]

Abdulghani et al. reported a prevalence of 57% of stress in 
medical students from King Saud University, Riyadh, (Saudi 
Arabia), whereas El-Gilany et al. found an overall stress rate 
of 28.9% among Saudi medical students and 30.9% among 
Egyptian medical students.[11,12]

Although some degree of stress can be a stimulator for 
some individuals, not all students find stress helpful. Stress 
stimulates feelings of fright, lack of ability, not being 
beneficial, anger, and culpability and can be associated 
with both psychological and physical morbidity in many 
students.[6]

Excessive stress results in psychological problems such as 
depression, anxiety, substance abuse, poor decision-making, 
and suicide ideation.[13] It is emotionally and physiologically 
challenging.

Stress disrupts the physiological functions of the body 
by affecting the brain.[14] Cardiovascular system is also 
affected by stress.[15] Stress and arrhythmias are linked with 
each other.[16] Mental and physical stress is known to play 
an important role in ventricular arrhythmias and sudden 
cardiac death, and it causes ischemia which may precipitate 
ventricular tachycardia and ventricular fibrillation.[17]

Electrocardiogram (ECG) is commonly used to study 
cardiovascular disorders. It is recorded. When the cardiac 
impulse passes through the heart, electrical current also 
spreads from the heart into the adjacent tissues surrounding 
the heart. A small portion of the current spreads all the way 
to the surface of the body. If electrodes are placed on the skin 
on opposite sides of the heart, electrical potentials generated 
by the current. Normal ECG is composed of a P wave, QRS 
complex, T wave, PR, and QT interval. The QRS complex is 
often but not always, three separate waves: Q, R, and S wave. 
Any alterations in this waves lead to arrhythmia.[18]

Acute stress is now one of the major causes, leading to fatal 
ventricular arrhythmia. The mechanisms by which acute 
stress causes arrhythmias are not completely understood.[19]

In this study, an attempt has been made to study the heart rate 
and ECG changes during acute mental stress in first MBBS 
students.

MATERIALS AND METHODS

The study was carried out in the department of physiology. It 
is an analytical study done on 50 healthy first MBBS students 
of Sambhram Institute of Medical Sciences, K.G.F, Kolar, 
Karnataka. This study was approved by the institutional 
ethics committee. Informed consent and detailed history were 
obtained from all the study subjects. Convenience sampling 
technique was used.

Inclusion Criteria

Selection of subjects: All male students of first MBBS were 
included in the study.

Exclusion Criteria

•	 Documented	 evidence	 of	 heart	 diseases	 such	 as	
cardiac failure, cardiomyopathy, valvular heart disease, 
congenital heart disease, myocarditis, hypertension, and 
arrhythmias.

•	 Chronic	obstructive	pulmonary	disease.
•	 Alcoholics	and	smokers.
•	 Chronic	medication,	psychiatric	illness.
•	 Features	of	hypothyroidism,	anemia.
•	 Practicing	 any	 known	 stress	 relieving	 or	 relaxation	

technique.

General and clinical examination was carried to rule out any 
underlying disease. All the ECGs were recorded at a speed 
of 25 mm/s with electrocardiography C3i ECG machine 
(manufactured by Philips Medical Systems). ECG was 
recorded at rest in supine position on the 1st day. Students 
were subjected to acute mental stress by a number of mental 
tasks and challenging situations (public speaking, type A 
interviews, seminars, mental arithmetic problems, and 
viva).[17] ECG was recorded in them immediately. ECGs 
were analyzed for heart rate, PR interval, QRS duration, QT 
interval, QTc interval, and P duration.

The Spielberger’s State and Trait Anxiety Inventory (STAI) 
was administered to all the students and the individual scores 
were calculated. Stressed students were identified based on 
their STAI scores.[20,21]

Analysis and Statistical Methods

Data were coded and entered into Microsoft Excel data sheet. 
Quantitative data will be represented as mean, confidence 
interval, and standard deviation. Paired t-test statistical 
analysis was carried out using SPSS software. P	≤	0.05	will	
be considered as statistically significant.
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RESULTS

ECG findings were observed and tabulated.

Table 1 shows the mean age, BMI, and systolic and diastolic 
blood pressure of the study population 18.27 ± 1.28, 22.82 ± 
4.44, 114.9 ± 9.80, and 70.82 ± 6.72.

Table 2 shows that the heart rate (100.37 ± 16.49), P duration 
(100.24 ± 15.61), and QTC (418.31 ± 16.93) were increased 
after acute mental stress when compared to that of rest 79.98 ± 
13.07, 93.71 ± 11.37, 418.31 ± 16.93 and decreased QT interval 
(324.57 ± 25.69 versus 353.08 ± 21.57) was seen, respectively, 
and all of them mentioned above were statistically significant. 
QRS complex (85.73 ± 8.20) was decreased after mental 
stress when compared to that of rest 87.47 ± 6.87 and it was 
statistically not significant and there was a decrease in QRS 
axis (63.41 ± 34.61) and PR interval (137.71 ± 18.78) during 
acute stress when compared to that of rest 61.82 ± 19.89 and 
140.69 ± 22.79 which were statistically not significant.

DISCUSSION

During acute mental stress, there was an increased heart rate 
due to increased activation of sympathetic nervous system and 
vagal withdrawal. Strokes, cardiac failures, and mortality rates 
are high during increased heart rate. QT and PR interval were 
reduced due to increased heart rate which is a major determinant 
of QT interval and PR interval. If heart rate increases, there will 
be gradual decrease in QT and PR interval. Similar findings 
were reported by Krishna et al, Magri and Lampert et al.[17,22,23]

Mental stress could lead to augmentation of sympathetic 
system, catecholamine release which can lead to increase 
in the velocity of conduction in atria and influences on 
intraventricular conduction time by changing autonomic 
balance, which can lead to reduced QRS duration. Similar 
finding was reported by Krishna and Bhide et al.[17,24] In 
our study, we also found that there was a prolonged P 
wave during acute stress. This wave duration is a marker 
of atrial conduction. Prolonged P wave duration signifies 
conduction delay between the right and left atrium due to 
impulse slowing or blockage has been suggested to be an 
easily measurable risk factor for underlying subclinical heart 
disease. In fact, it has been associated with atrial fibrillation, 
diabetes, cardiovascular disease, and stroke mortality among 
population. Similar findings for the cause of P wave were 
reported by Vepsalainen et al. and Magnani et al.[25,26]

We also found a prolonged QTc interval during acute stress 
condition when compared to that of rest and it was statistically 
significant. Similar findings were reported by Krishna 
and Andrassy et al.[17,27] This may be due to autonomically 
induced repolarization changes. Mental stress could lead 
to ANS imbalance, adrenergic release, and increased 
sympathetic tone, which can lead to ventricular depolarization 
heterogeneity, leading to prolonged QTc interval.[24] Evidence 
suggested that lateralization of cerebral activity during 
emotional stress may stimulate the heart asymmetrically and 
produce areas of inhomogeneous repolarization that creates 
electrical instability and facilitate cardiac arrhythmias.[28]

Acute emotional stress can cause adverse effects on heart 
such as left ventricular contractile dysfunction, myocardial 
ischemia, and disturbances in cardiac rhythm which may 
lead to fatal sometimes. These heart-brain interactions help 
to explain sudden cardiac events related to acute stress and 
provide insights into newer therapies in future to prevent 
sudden deaths.[29]

Lacunae of the Study

Stress has been common in our day-to-day life, it has 
increased more in the medical students due to time pressures, 
workload, multiple roles, and emotional issues.[20]

There is a paucity of literature in assessing the effect of 
academic stress on heart rate variability and ECG changes.

The outcome of the study will provide the basis for enhancing 
the general adoption of a new, positive approach to student 
life, thereby, ensuring academic success.

Limitations

Sample size is less due to lack of students because it’s a 
new medical college sample collection was done only on 
first MBBS male students. Our study included only students 

Table 1: The blood pressure and BMI in study group
Variables Study group

Mean±SD
SBP mmHg 114.49±9.80
DBP mmHg 70.82±6.72
BMI 22.82±4.44

BMI: Body mass index, SBP: Systolic blood pressure, 
DBP: Diastolic blood pressure, SD: Standard deviation

Table 2: The heart rate and ECG changes during acute 
mental stressed and normal

Variables Acute 
mental stress

Resting 
state

P value

Mean±SD Mean±SD
Heart rate (beats/min) 100.37±16.49 79.98±13.07 <0.00*
P Duration (ms) 100.24±15.61 93.71±11.37 <0.02*
PR Interval (ms) 137.71±18.78 140.69±22.79 0.48
QRS Complex (ms) 87.47±6.87 85.73±8.20 0.26
QT Interval (ms) 324.57±25.69 353.08±21.57 <0.00*
QTC Interval (ms) 418.31±16.93 396.78±21.18 <0.00*

ECG: Electrocardiogram, SD: Standard deviation, *0.05 statistically 
significant
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of one medical college. The inclusion of different medical 
colleges will result in a broader picture of the levels of 
perceived stress and emotional distress in medical students.

CONCLUSION

Atrial and ventricular arrhythmias can be triggered by 
stress. Stress is an inevitable part of life, especially among 
students. It is one of the most prevalent and common 
problem faced by majority of population, especially 
students that too in medical profession. Stress among 
medical students can be due to various causes such as 
examination schedule, too much portions to be covered, 
communication gap between students due to problem in 
local languages, or inferiority complex of not knowing to 
talk English properly. Stress among medical students can 
also be due to problems in living conditions in hostel, lack 
of social support system, and improper social environment 
in the hostels. To improve the quality of life among medical 
students, institutions can focus to make changes in medical 
curriculum or examination schedule. Management should 
provide proper infrastructure and basic facilities in the 
hostel. Parents also should communicate with their children 
on regular basis, motivate, and support them morally. 
Awareness creation about the adverse effect of substance 
use, academic counseling in the first 3 years of the courses, 
and stress reduction interventions were recommended. As 
a part of course curriculum, some techniques to reduce the 
stress should also be included in medical colleges such 
as meditation, yoga, body scanning, deep breathing, and 
self-massage. All these improvements can result in better 
academic performance and skill development among 
medical students and thus produce high-quality medical 
doctors.

REFERENCES

1. Dhir A, Padi SS, Naidu PS, Kulkarni SK. Protective effect 
of naproxen (non-selective COX-inhibitor) or rofecoxib 
(selective COX-2 inhibitor) on immobilization stress-
induced behavioral and biochemical alterations in mice. Eur J 
Pharmacol 2006;535:192-8.

2. Arria AM, O’Grady KE, Caldeira KM, Vincent KB, Wilcox HC, 
Wish ED, et al. Suicide ideation among college students: 
A multivariate analysis. Arch Suicide Res 2009;13:230-46.

3. Al-Dabal BK, Koura MR, Rasheed P, Al-Sowielem L, 
Makki SM. A comparative study of perceived stress among 
female medical and non-medical university students in 
Dammam, Saudi Arabia. Sultan Qaboos Univ Med J 
2010;10:231-40.

4. Zaid ZA, Chan SC, Ho JJ. Emotional disorders among medical 
students in a Malaysian private medical school. Singapore Med 
J 2007;48:895-9.

5. Dyrbye LN, Thomas MR, Eacker A, Harper W, Massie FS Jr., 
Power DV, et al. Race, ethnicity, and medical student well-
being in the United States. Arch Intern Med 2007;167:2103-9.

6. Sharifirad G, Marjani A, Abdolrahman C, Mostafa Q, 

Hossein S. Stress among Isfahan medical sciences students. 
J Res Med Sci 2012;17:402-6.

7. Melaku L, Mossie A, Negash A. Stress among medical 
students and its association with substance use and academic 
performance. J Biomed Educ 2015;2015:9.

8. Gupta S, Choudhury S, Das M, Mondol A, Pradhan R. Factors 
causing stress among students of a medical college in Kolkata, 
India. Educ Health (Abingdon) 2015;28:92-5.

9. Kjeldstadli K, Tyssen R, Finset A, Hem E, Gude T, 
Gronvold NT, et al. Life satisfaction and resilience in medical 
school-a six-year longitudinal, nationwide and comparative 
study. BMC Med Educ 2006;6:48.

10. Lima MC, Domingues Mde S, Cerqueira AT. Prevalence 
and risk factors of common mental disorders among medical 
students. Rev Saude Publica 2006;40:1035-41.

11. Abdulghani HM. Stress and depression among medical 
students: A cross sectional study at a medical college in Saudi 
Arabia. Pak J Med Sci 2008;24:12-7.

12. El-Gilany AH, Amr M, Hammad S. Perceived stress among 
male medical students in Egypt and Saudi Arabia: Effect of 
sociodemographic factors. Ann Saudi Med 2008;28:442-8.

13. Waghachavare VB, Dhumale GB, Kadam YR, Gore AD. 
A study of stress among students of professional colleges 
from an urban area in India. Sultan Qaboos Univ Med J 
2013;13:429-36.

14. Yau YH, Potenza MN. Stress and eating behaviors. Minerva 
Endocrinol 2013;38:255-67.

15. Kumar R, Kela A, Tayal G. Effect of acute stress on rat ECG. 
Internet J Pharmacol 2009;8:3.

16. Lampert R. ECG signatures of psychological stress. 
J Electrocardiol 2015;48:1000-5.

17. Krishna OG, Kumar SN. Effect of mental stress on autonomic 
nervous function in young adults. Indian J Clin Anat Physiol 
2018;5:47-51.

18. Guyton AC, Hall JE. Text Book of Medical Physiology. 
New Delhi: Jaypee Publishers; 2017. p. 191.

19. Taggart P, Boyett MR, Logantha S, Lambiase PD. Anger, 
emotion, and arrhythmias: From brain to heart. Front Physiol 
2011;2:67.

20. Eva EO, Islam MZ, Mosaddek AS, Rahman MF, Rozario RJ, 
Iftekhar AF, et al. Prevalence of stress among medical students: 
A comparative study between public and private medical 
schools in Bangladesh. BMC Res Notes 2015;8:327.

21. Speilberger CD, Gorsucch RL, Lushene R. Manual for the State 
and trait Anxiety Inventory STAI Score; Stress Assessment by 
STAI Questionnaire. Palo Alto, CA: Consulting Psychologists 
Press, Inc.; 1983.

22. Magrì D, Piccirillo G, Quaglione R, Dell’armi A, Mitra M, 
Velitti S, et al. Effect of acute mental stress on heart rate and 
QT variability in postmyocardial infarction patients. ISRN 
Cardiol 2012;2012:912672.

23. Lampert R, Shusterman V, Burg MM, Lee FA, Earley C, 
Goldberg A, et al. Effects of psychologic stress on repolarization 
and relationship to autonomic and hemodynamic factors. 
J Cardiovasc Electrophysiol 2005;16:372-7.

24. Bhide A, Durgaprasad R, Kasala L, Velam V, Hulikal N. 
Electrocardiographic changes during acute mental stress. Int J 
Med Sci Public Health 2016;5:835-8.

25. Magnani JW, Gorodeski EZ, Johnson VM, Sullivan LM, 
Hamburg NM, Benjamin EJ, et al. P wave duration is associated 
with cardiovascular and all-cause mortality outcomes: The 



Pagadala, et al.  Heart rate variability and electrocardiographic changes during acute mental stress

 National Journal of Physiology, Pharmacy and Pharmacology   1342019 | Vol 9 | Issue 2

national health and nutrition examination survey. Heart 
Rhythm 2011;8:93-100.

26. Vepsalainen T, Laakso M, Lehto S, Juutilainen A, Airaksinen J, 
Ronnemaa T. Prolonged P wave duration predicts stroke 
mortality among Type 2 diabetic patients with prevalent 
non-major macrovascular disease. BMC Cardiovasc Disord 
2014;14:168.

27. Andrássy G, Szabo A, Ferencz G, Trummer Z, Simon E, Tahy A, 
et al. Mental stress may induce QT-interval prolongation 
and T-wave notching. Ann Noninvasive Electrocardiol 
2007;12:251-9.

28. Kuo CS, Munakata K, Reddy CP, Surawicz B. Characteristics 
and possible mechanism of ventricular arrhythmia dependent 

on the dispersion of action potential durations. Circulation 
1983;67:1356-67.

29. Taggart P, Critchley H, Lambiase PD. Heart-brain interactions 
in cardiac arrhythmia. Heart 2011;97:698-708.

How to cite this article: Pagadala P, Manaschakravarthy K, 
Nerella S, Shankarappa V, Babu MR. Heart rate variability and 
electrocardiographic changes during acute mental stress in first 
MBBS students: An Analytical study. Natl J Physiol Pharm 
Pharmacol 2019;9(2):130-134.

Source of Support: Nil, Conflict of Interest: None declared.


