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ABSTRACT

Background: Prevalence of overweight and obesity is
increasing in adolescents in India which is a concern in terms
of the complications being seen in the later stage of life if not
taken care of in time. Obesity is a condition in which excess
body fat accumulates to the extent that it may have an adverse
effect on health.

Subjects and Methods: Total of 50 Students in the age group
18-25 years were randomly selected to obtain mixed group of
students from Hi-Tech Medical College and were screened to
identify, (i) Non obese group- A: healthy with BMI 18.5-
24.9kg/m2; and (i) Study group-B (obese): healthy with BMI >
>30kg/m2.

Results: Two groups for the study were similar in age in terms
of basic characteristics. Group A and Group B showed
significant difference in Height, Weight and BMI (p<0.01)
Conclusion: Person with obesity with higher BMI are at high
risk for autonomic dysfunction as compared to person with
normal weight.

Conclusion: These findings suggest that in person with
obesity with higher BMI are at high risk for autonomic
dysfunction as compared to person with normal weight. This

INTRODUCTION

The prevalence of obesity is rising in developed and developing
nations and has been called as “New World Syndrome™.!
Prevalence of overweight and obesity is increasing in adolescents
in India which is a concern in terms of the complications being
seen in the later stage of life if not taken care of in time. Obesity is
a condition in which excess body fat accumulates to the extent
that it may have an adverse effect on health.2

Obesity has been a common and significant health hazard.? At an
individual level, an excess of energy intake and an inadequacy of
energy expenditure is thought to explain most cases of obesity.45
A complex interlink among different factors like endocrine,
nervous, metabolic factors maintains constant energy storage.
Obesity is considered to be a risk factor for a variety of
cardiovascular conditions like hypertension, ischemic heart
disease and stroke and is characterized by hemodynamic and
metabolic alterations.”

Autonomic nervous system is a centre for coordination of different
body system.® Since the ANS is involved in energy metabolism
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paves the way for implementation of early interventional
programs (weight reduction, life style changes, and physical
exercises) to prevent the onset of obesity related
cardiovascular sequelae in the future by early intervention.
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and in the regulation of the cardiovascular system®'', it is
conceivable that one or more subgroups of persons with idiopathic
obesity have an alteration in their autonomic nervous system that
may account for several clinical consequences of obesity.8
Laitinen et al.”2 showed that total body fat and central body
adiposity are associated with altered autonomic activity. The
present study was designed to evaluate any alternation in cardiac
autonomic function in obese and non-obese medical students.

MATERIALS AND METHODS

This present study was conducted in the department of
physiology, Hi-Tech Medical College and Hospital, Bhubaneswar
during the period from October 2012 to August 2018. Total of 50
Students in the age group 18-25 years were randomly selected to
obtain mixed group of students from Hi-Tech Medical College and
were screened to identify, (i) Non obese group- A: healthy with
BMI 18.5-24.9kg/m? and (i) Study group-B (obese): healthy with
BMI > >30kg/m2.
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Table 1: WHO Classification of adults according to BMI

Classification BMI (kg/m?)
<18.5 Underweight
18.5-24.9 Healthy
25-29.9 Overweight
30-39.9 Obese
>40 Morbid obese

Inclusion Criteria: Students in the age group of 18-25 years;
Students who are obese to their respective age and sex were
selected. 25 obese students and 25 non-obese students were
selected according to the parameters mentioned.

Exclusion Criteria: Students suffering from any medical ailments;
anxious, apprehensive and uncooperative students and any
history of smoking, addiction of tobacco, use of any medications to
be excluded from the study. Institutional ethical clearance was
obtained. Body mass index was calculated as per the formula:
Body Mass Index (BMI) = Weight (Kg) / Height (m2)

The students having BMI of more than the cut-off value for their
respective age and sex were designated as the test/obese group
(both overweight and obese students to be clubbed together).
Identical number of age and sex matched non-obese medical
students served as controls. Students were explained about the
procedures to be undertaken. A brief personal history was taken
and written consent was obtained as per Helsinki declaration
modified according to the test protocol, (i) The subjects were
made to rest for 10 min before recording their baseline systolic
and diastolic blood pressure along with mean blood pressure as
per standard procedure. (i) Two recordings of blood pressure
were taken from which the average baseline blood pressure
(systolic or diastolic) was obtained before each of the following
test.

FOR ASSESSING PARASYMPATHETIC ACTIVITY

1. Resting heart rate was calculated from ECG by using standard
limb leads."

2. Heart rate response to standing (30:15 ratio) was calculated as
the ratio between the R-R interval at beats 30 and 15 of the ECG
recorded immediately upon standing.™

3. The S: L (standing to lying) ratio was taken as the ratio of the
longest R-R interval during the 5 beats before lying down to the

shortest R-R interval during the 10 beats in the ECG after lying
down.

4. The Valsalva ratio. Subjects were instructed to exhale into a
mouthpiece connected to a mercury manometer and to maintain
the expiratory pressure of 40 mmHg for 15 Sec. ECG was
recorded during the manoeuvre and 45 sec after the manoeuvre.
The ratio was calculated between the maximum R-R interval (after
release of strain) and the minimum R-R interval (during strain)'é

5. Heart rate response to deep breathing: Heart rate was recorded
first during normal. Breathing (at rest), and then during deep
breathing (6/min). ECG 3rd & 6th respiration, minimum R-R
intervals and corresponding heart rate were calculated.!”

FOR ASSESSING SYMPATHETIC ACTIVITY

Isometric Hand Grip Exercise Test: Before the exercise,
subjects were allowed to rest for 10 minutes in a quiet room to
reduce the anxiety. Resting blood pressure of all the subjects was
measured by the auscultatory method with the help of a mercury
sphygmomanometer (DIAMOND). First Korotkoff sound indicated
systolic blood pressure (SBP) and fifth Korotkoff sound indicated
diastolic blood pressure (DBP). Isometric handgrip exercise test
was done in both the study group and control groups. After
recording basal blood pressure, subjects were asked to perform
isometric handgrip exercise. Subjects were told to hold the
handgrip spring dynamometer in the right (or dominant hand) to
have a full grip on it. Handles of the dynamometer were
compressed by the subject with maximum effort for few seconds.
This whole procedure was repeated thrice with rest in between to
prevent fatigue. Mean of the three readings was referred as
maximal isometric tension (T max). Then, the subjects were asked
to perform isometric handgrip exercise at 30% of T max for 2
minutes. During the test, blood pressure was recorded from the
non-exercising  arm. Blood pressure was again recorded 5
minutes after completion of the exercise. '8

Cold Pressor Test: After recording basal blood pressure,
subjects were asked to dip left arm in the cold water (temp at 2-4
0C) for 2 minutes and blood pressure was recorded from the right
arm. Blood pressure was once again recorded 5 minutes after
hand was taken out from the cold water.'®

Statistical Analysis

Results were analyzed by using Unpaired Student T-test with “P”
value < 0.05 for significance.

Table 2: Anthropometric variables

Parameters Group-A Group-B
Height (mts) 168.5+11.24 164 +9.2
Weight (kgs) 56.02 + 8.36 77.21 £ 8.41
BMI (kg/m?) 19.08 £ 2.52 30.21 £ 5.36

Table 3: Parasympathetic function tests in between Group A and Group B

Parameters Group-A Group-B P value
Heart rate response to standing (30:15 ratio) 1.13+ 0.1 1.05+0.02 <0.05
S:L (standing to lying)ratio 1.3£0.02 1.12+0.02 <0.05
Valsalva ratio 1.63+0.23 1.46+0.12 <0.05
Heart rate response to deep breathing (HRDB) 22.42+4.21 16.36+2.1 <0.05
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Table 4: Sympathetic function tests in between Group A and Group B

Parameters Group-A Group-B P value

IHG SBP 12.3£1.3 8.4+1.2 <0.05

IHG DBP 12.2+1.5 8.241.1 <0.05

CPT SBP 12.3£1.5 8.3+1.3 <0.05

CPT DBP 13.2£1.7 9.2+1.6 <0.05
RESULTS AND DISCUSSION

50 subjects [Group A (non-obese): n = 25 and Group B (obese): n
= 25) that have satisfied the inclusion and exclusion criteria were
selected. Two groups for the study were similar in age in terms of
basic characteristics. Group A and Group B showed significant
difference in Height, Weight and BMI (p<0.01) Table-2. Table 3
shows that there was significant decrease in the Heart rate
response to standing (30:15 ratio), Valsalva ratio & Heart rate
response to deep breathing (HRDB) in Group B individuals as
compared to Group A (p<0.05). S:L ratio also decreased, and the
decrease was statistically significant (p<0.05). Table 4 shows that
there was significant decrease in the systolic and diastolic blood
pressure in obese subjects (group B) as compared to controls
(group A) during the application of isometric handgrip exercise
and cold pressor tests (p<0.05) and the decrease was statistically
significant (p<0.05).

The present study was designed to evaluate any alternation in
cardiac autonomic function in obese and non-obese person by
evaluating the sympathetic and parasympathetic tests. The results
of the present study show that the valsalva ratio, heart rate
response to deep breathing and heart rate response to standing
(30:15) in obese subjects were significantly lower as compared to
the control group, it indicates decrease in parasympathetic nerve
function and baroreflex sensitivity in obese subjects.
Baroreceptors resetting may occur in obese individuals due to
atherosclerosis that

hardens the carotid sinus walls. This decreases compliance.
Obese group is less responsive to blood pressure changes to
posture. Similar results were shown by some other
investigators.2-22 There was less increase of blood pressure
response to cold pressor test in the obese people in contrast to
the control group. The afferent fibres for this response are the pain
fibres which are stimulated by placing the hand in cold water and
the efferent fibres are the sympathetic fibres. A lesser increase in
the blood pressure after the cold-water immersion points towards
sympathetic insufficiency in obese subjects. Obesity impairs
autonomic control of heart rate and blood pressure. Obese
subjects exhibit lower sympathetic response on exposure to cold.
This present study results were in accordance with reported study
of Monterio et al. There was also decreased in blood pressure
response to isometric handgrip exercise test in the obese people
in contrast to the control group. It shows the decreased activity of
the sympathetic nervous system? or to a lower increase in
peripheral resistance to manoeuvres activating sympathetic
system.®> Baek et al.® stated that in normal conditions
sympathetic activity increases during isometric handgrip exercise
and cold pressor test. This reduced sympathetic reactivity in
established obesity may be responsible for the maintenance of
obese state. Valensi et al.2! have demonstrated sympathetic
insufficiency in obese people. It was shown that glucose induced
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inhibition of the lipid oxidation rate in obese people is greater in
the patients with autonomic dysfunction which could be due to
decrease in parasympathetic activity. Decrease in the sympathetic
activity may result in a disordered homeostatic mechanism thus
promoting excessive storage of energy as suggested by Peterson.
It has been shown that increased sympathetic activity induced by
cold water stress causes norepinephrine release and elevation of
blood pressure more in obese subjects. This greater increase in
blood pressure might be contributed by more release of
endothelins, prostaglandins and angiotensin 1122° in obese.
Various investigators have shown that parasympathetic damage
or decreased vagal tone may occur due to hyperinsulinaemia or
insulin resistance or there may be decreased in baroreflex
activity.2” Therefore our study have found that BMI is a good
indicator of cardiovascular autonomic dysfunction risk factors, and
should be incorporated into a public message and awareness
programs.

CONCLUSION

These findings suggest that in person with obesity with higher BMI
are at high risk for autonomic dysfunction as compared to person
with normal weight.

This paves the way for implementation of early interventional
programs (weight reduction, life style changes, and physical
exercises) to prevent the onset of obesity related cardiovascular
sequelae in the future by early intervention.

REFERENCES

1. NIH Guide. Pathophysiologic mechanism of obesity associated
cardiovascular disease. NHLBI. 2002 Jan.

2. Haslam DW, James WP. Obesity. Lancet 2005; 366(9492):
1197-209.

3. Simran G, Vidushi G. Effect of obesity on autonomic nervous
system. Int J Cur Bio Med Sci 2011;1(12):15-8.

4. Esler M, Straznicky N, Eikelis N, Masuo K, Lambert G.
Mechanism of sympathetic activity in obesity-related hypertension.
Hypertension. 2006; 48: 787.

5. Lau DC, Douketis JD, Morrison KM, Hramaik IM, Sharma AM,
Ur E.2006 Canadian clinical practice guidelines on the
management and prevention of obesity in adults and children
summary. CMAJ 2007;176(8):51-13.

6. Valensi P, Thi BN, Lormeau B, Paries J, Attali JR. Cardiac
autonomic dysfunction in obese patients. Int J Obes Relat Metab
Disord 1995;19(2): 113-8.

7. Colak R, Donder E, Karaoglu A, Ayhan O, Yalniz A. Obesity
and the activity of autonomic nervous system. Turk J Med Sci
2000;30:173-6.

8. Bray GA. Autonomic and endocrine balance in the regulation of
energy balance. Fed Proc 1986;45:1404-10.

www.ijmrp.com



Amita Kumari Mahapatra. Autonomic Function in Obese & Non-Obese Medical Students

9. Landsberg L, Young JB. The role of the sympathoadrenal
system in modulating energy expenditure. Clin Endocrinol Metab
1984; 13:475-99.

10. Bray GA. Integration of energy intake and expenditure in
animals and man: the autonomic and adrenal hypothesis. Clin
Endocrinol Metab 1984; 13: 521-46.

11. Peterson HR, Rothschild M, Weinberg CR, Fell RD, McLeish
KR, Pfeifer MA. Body fat and the activity of the autonomic nervous
system. N Engl J Med 1988; 28: 1077-83.

12. Laitinen T. Cardiovascular autonomic dysfunction is
associated with central obesity in persons with impaired glucose
tolerance. Diabet Med 2011;28(6) 699-704.

13. WHO. Obesity: Preventing and managing the global epidemic:
Report of the WHO consultation of obesity. Geneva: World Health
Organisation 1998.

14. Page MM, Watkins PJ. The heart in diabetes:autonomic
neuropathy and cardiomyopathy. Clin  Endocrinol Metabol
1977,6:377-88.

15. Rodrigues EA, Ewing DJ. Immediate heart rate response to
lying down: simple test for cardiac parasympathetic damage in
diabetes. Br Med J 1983;800:287-9.

16. Levin AB. A simple test of cardiac function based upon the
heart rate changes induced by the valsalva maneuver. Am J
Cardiol 1966;1:90-9.

17. Mathias CJ and Bannister R. Autonomic failure. A Textbook of
Clinical Disorders of the Autonomic Nervous System.3rd ed.
Newyork: Oxford University Press; 1992.

18. Ewing DJ, Irwing JB, Kerr F, Wildsmith JAW, Clarke RF.
Cardiovascular response to sustained handgrip in normal subjects
and in patients with diabetes mellitus: a test of autonomic function.
Clin Sci Mol Med 1974:46:295-306.

19. LeBlanc J, Dulac S, Cote J, Girard B. Autonomic nervous
system and adapton to cold in man. J App Physiol
1975;39(2):181-6.

20. Emdin M, Gastaldelli A, Muscelli E, Macerata A, Natali A,
Camastra S and Ferrannini E. Hyperinsulinemia and autonomic
nervous system dysfunction in obesity: Effect of weight loss.
Circulation. 2001;103:513-19.

21. Valensi P, Lormeau B, Dabbech M, Miossec P, Paries J,
Dauchy F. Glucose induced thermogenesis, inhibition of lipid
oxidation rate and autonomic dysfunction in nondiabetic obese
women. Int J Obes.1998:22:494-9.

257T|Page

Int J Med Res Prof.2020 Jan; 6(1); 254-57.

22. Borne PVD, Hausberg M, Hoffman RP, Mark AL and
Anderson EA. Hyperinsulinaemia produces cardiac vagal
withdrawl and nonuniform sympathetic activation in normal
subjects. Am J Physiol Regul Integr Comp Physiol 1999; 276:
178- 83.

23. Monteiro G, Chathoth V, K Kishan. Cardiac autonomic
response during a cold pressor test in normal and overweight
adults. International Journal of Biomedical and Advance Research
2012;3(6):514-6.

24. Nageshwari K, Rajeev S and Divyanshoo RK. Assessment of
respiratory and sympathetic cardiovascular parameters in obese
school children. Ind J Physiol Pharmaco 2007;51(3):235-43.

25. Valensi P, Bich Ngoc PT, Idriss S, Paries J, Cazes P,
Lormeauet B et al. Haemodynamic response to an isometric
exercise test in obese patients. Influence of autonomic
dysfunction. Int J of Obesity 1999;23:543-9.

26. Baeks MA Van. The peripheral sympathetic nervous system in
human obesity. J Endocrinol 2000; 164:59-66.

27. Akhter S, Begum N, Ferdousi S, Khan SM. Autonomic
neuropathy in obesity. J Bangladesh Soc Physiol 2011;6(1):5-9.
28. Velasco M, Gomez J, Blanco M, Rodriguez I. The cold pressor
test: pharmacological and therapeutic aspects. American Journal
of Therapeutics 1997;4(1):34-8.

29. Rinku Garg, Yogesh Tripathi, Varun Malhotra. Sympathetic
Reactivity to Cold Pressor Test in Medical Students of
Hypertensive and Normotensive Parents. International Journal of
current research and review 2012;4(18):89-94.

Source of Support: Nil.  Conflict of Interest: None Declared.

Copyright: © the author(s) and publisher. I[JMRP is an official
publication of Ibn Sina Academy of Medieval Medicine &
Sciences, registered in 2001 under Indian Trusts Act, 1882.

This is an open access article distributed under the terms of the
Creative Commons Attribution Non-commercial License, which
permits unrestricted non-commercial use, distribution, and
reproduction in any medium, provided the original work is properly
cited.

Cite this article as: Amita Kumari Mahapatra. Comparison of
Autonomic Function in Obese and Non-Obese Medical Students.
Int J Med Res Prof. 2020 Jan; 6(1): 254-57.
DOI:10.21276/ijmrp.2020.6.1.059

www.ijmrp.com



