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ABSTRACT
Introduction: Autonomic nervous system (ANS) is involved
in energy metabolism and regulation of the cardiovascular
system. Autonomic dysfunction has been suggested to
occur in obese individuals in both adults and children but a
comprehensive study of the autonomic status in young adults
is scant. So aim of the study was to evaluate and compare
cardiovascular autonomic functions in young adults on the
basis of BMI.
Material and methods: 150 healthy young students of MMU
aged 18–25 years, divided into four groups based on BMI as
per Asian criteria (underweight, normal weight, overweight
and obese). Various autonomic function tests done were Lying
to Standing test, Valsalva manoeuvre, Hand grip test (HGT)
and Cold pressor test (CPT).
Results: The mean baseline SBP and DBP were significantly
higher in obese subjects followed by overweight, normal
weight and under weight. No parasympathetic alteration
between different BMI groups was seen. Mean values of
resting SBP and DBP were significantly higher and blood
pressure response to HGT and CPT was significantly lower in
obese as compared to normal weight subjects.
Conclusion: Our study revealed an altered autonomic
function in the form of impaired sympathetic activity with
no parasympathetic modulation in obese young adults. So
weight reduction and moderate intensity aerobic exercise
programmes should be incorporated into daily living, which
may delay or prevent the onset of hypertension.
Keywords: Obesity; Body Mass Index (BMI); Lying to
Standing test; Valsalva manoeuvre; Hand grip test (HGT);
Cold pressor test (CPT).

INTRODUCTION
Obesity is a condition characterized by the excessive
accumulation and storage of fat in the body which increases
risk to health. Obesity is now recognized as a chronic or
non-communicable disease. The fundamental cause of
obesity and overweight is an energy imbalance between
calories consumed and calories expended. Globally, there
has been: i) an increased intake of energy-dense foods that
are high in fat; and ii) an increase in physical inactivity
due to the increasingly sedentary nature of many forms of
work, changing modes of transportation, and increasing
urbanization.
With the continued rise in standards of living, obesity is
emerging as a global epidemic in both children and adults.
This has been called "New world syndrome" and is a
reflection of massive social, economic and cultural problems
currently faced by developing and developed countries.1
C6

Worldwide 39% of adults aged 18 years and over were
overweight in 2016, and 13% were obese. Over 340 million
children and adolescents aged 5-19 were overweight or
obese in 2016.2
Childhood and adolescence obesity is a harbinger of obesity
in later life.3 Being overweight in childhood and adolescence
is associated with greater risk and earlier onset of chronic
disorders4-6 such as Hypertension, Diabetes. and has
adverse psychosocial consequences and lowers educational
attainment.7 Obese persons suffer from an increased mortality
risk due to cardiovascular complications.8
Autonomic nervous system (ANS) is involved in energy
metabolism and regulation of the cardiovascular system.3,4
It is conceivable that one or more subgroups of obesity have
an alteration in their ANS that may promote obesity and
account for several clinical consequences of obesity.9,10
Several studies have suggested that autonomic dysfunction
occurs in obese individuals.11,12 The activity of sympathetic
nervous system is a determinant of energy expenditure. It
has been observed that individuals with low resting muscle
sympathetic nerve activity may be at risk for body weight
gain resulting from a lower metabolic rate.13
Obesity was found to be associated with decreased
sympathetic activity in animal models. Experimentally
induced ventro-medial hypothalamic lesions resulted in
decreased sympathetic activity, increased parasympathetic
activity and obesity.10 Overfeeding is found to be associated
with sympathetic activation and there is evidence that
adrenergic mechanisms contribute to cardiovascular
complications.14
Various studies15 are available that reveal the indirect role of
ANS in obesity but a comprehensive study of the autonomic
status in young adults is scant children.
So, the present study was attempted to evaluate and compare
cardiovascular autonomic functions in young adults on the
basis of BMI.
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MATERIAL AND METHODS
A total of 150 healthy young adults were included in this
study with age range from 18 to 25 years. The study was
conducted in the Department of Physiology at Maharishi
Markandeshwar Institute of Medical Sciences and
Research, Mullana (Ambala). The study was approved by
the Institutional ethical committee. Informed and written
consent of all the participants was taken before conducting
the study. The non-smoker, non-alcoholic, with systolic
(SBP) and diastolic blood pressure (DBP) < 140/90 mm/
Hg were included in the study. Exclusion criteria included
i) Subjects with SBP ≥ 140 and or DBP ≥ 90 mm/Hg ii)
Subjects on antihypertensive drugs or any other medication.
iii) Under-going regular physical training. iv) With history
of acute or chronic illness like diabetes mellitus, renal
disease or any neuro-psychiatric disorder which can affect
autonomic function.
Measurement of BMI
Body Mass Index (BMI) was calculated as Body weight in
kilograms divided by square root of Body height in meter,
using Quetelet index.16 Normal weight was defined as BMI
18.5 to ≤ 22.9, Under weight as BMI < 18.5, Overweight
as BMI 23 to ≤ 24.9 and Obesity as BMI ≥ 25 kg/m2, as
per revised body type classification for Indian Population
recommended by Health ministry and Diabetes Foundation
of India in 2008.17
Subjects were divided into four groups based on BMI as per
Asian criteria.
Under weight
N=13(9%)
Normal weight N=66(44%)
Overweight
N=25(16%)
Obese
N=46(31%)
A detailed history was taken and general physical examination
of all the volunteers was done. with the main emphasis on
cardiovascular diseases, renal diseases. None of the subjects
took any medication at the time of the study. All the students
were explained about the procedure of tests and tested under
similar laboratory conditions in comfortable environment.
Subjects were instructed not to have heavy meals/tea/coffee
at least 2 hours before the test and were asked to rest just
before the commencement of the test, and then all basal
parameters like heart rate, blood pressure and respiratory rate
were measured. Various Cardiovascular Autonomic function
tests that were performed are as follows.

TESTS OF CARDIOVASCULAR AUTONOMIC
FUNCTION
Parasympathetic tests
1. Heart rate response to Standing.
2. Heart rate changes during the Valsalva manoeuvre.
Sympathetic tests
1. Blood pressure response to sustained Hand Grip Test.
2. Blood pressure response to Cold Pressor Test.
Heart rate response to Standing (Lying to Standing test)
In this test heart rate response to standing was assessed.
Each subject initially took supine rest on a couch for 5 min;

ECG limb leads were attached, baseline ECG was recorded.
Then subject attained standing posture within 3 seconds. A
continuous ECG (lead II) was recorded during the procedure
for measuring heart rate. 30:15 ratio was calculated as the
ratio of the longest R-R interval at or around 30th beat after
standing / shortest R-R interval at or around 15th beat after
standing. The normal value of 30:15 ratio is ≥ 1.04.18
Heart rate changes during the Valsalva manoeuvre
(Valsalva Ratio)
The test was done in a sitting posture. The subject blows
into a mouth piece attached to sphygmomanometer to raise
the pressure to 40 mmHg for 15 seconds. At the end of 15
seconds, the pressure was released. A continuous ECG (lead
II) was recorded 1 minute before the manoeuvre, during
the manoeuvre and 40 seconds following the release of
strain period. Valsalva Ratio is calculated as the ratio of the
longest R-R interval after the strain / shortest R-R interval
during the strain. The normal value of Valsalva Ratio is
> 1.21.18
Blood pressure response to sustained Hand Grip Test
(HGT)
The baseline blood pressure was recorded. The subject was
asked to press handgrip dynamometer at 30% of maximum
voluntary contraction (MVC) for 15 seconds. Blood pressure
was recorded just before the release of hand grip after 1
minute and 5 min of grip release. Maximum rise in diastolic
blood pressure above baseline was noted. A rise of more
than 10 mmHg in diastolic blood pressure after the test was
considered normal.19
Blood pressure response to Cold Pressor Test (CPT)
First, the baseline blood pressure was recorded and then the
subjects were instructed about the test. They were instructed
to indicate to the investigator if they were not able to keep
the hand immersed in water for 1 minute. The cold water
of 10oC was prepared. Subject immersed the right hand in
cold water up to the wrist without touching the bottom of
cold water bath, for 1 minute. After that hand was removed
from water, it was covered by the towel. The blood pressure
was recorded from left hand just at the end of 1 minute of
immersion and again at 1 minute after hand was withdrawn
from the cold water. A rise of 10mmHg in diastolic blood
pressure after test was considered normal.18
Each test was performed after a resting period of 10
minutes, in a supine or sitting position. Blood Pressure
recording was done by using an Omron (SEM 1 Model), the
automatic blood pressure monitor (Omron Healthcare Co.
Ltd, Kyoto, Japan). The heart rate was measured from R-R
interval of ECG using lead II of Electrocardiograph machine
(CADIART 108T-DIGI, BPL LIMITED). Hand grip strength
was measured from Handgrip Dynamometer.

STATISTICAL ANALYSIS
The collected data was tabulated and analyzed with the
help of Statistical Package for Social Sciences SPSS for
WINDOWSTM (version 20). Student's independent t-test
for quantitative differences was used for data analysis. The
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inter-group comparison was done by one way ANOVA with
post hoc test. Mean ± standard deviations were calculated
and t-test was applied for measuring statistical significance
in the difference of means. P < 0.05 was considered
statistically significant and P ≤ 0.001 was considered highly
significant.

RESULTS
Various groups of BMI were comparable for age and gender.
On comparison of mean basal parameters (heart rate and
blood pressure) between various BMI groups, the mean
basal heart rate was similar between obese, overweight
and normal weight subjects. While mean SBP and DBP

Under weight
Normal weight
Overweight
Obese
N=13
N=66
N=25
N=46
Mean ± SD
Mean ± SD
Mean ± SD
Mean ± SD
Basal heart rate(beats/min)
82.37 ± 10.15
82.37 ± 10.15
82.37 ± 10.15
78.66 ± 9.53
Basal systolic pressure (mm/Hg)
106.76 ±10.54
108.68 ±10.48
111.50 ± 9.83
116.91 ± 11.64 # ● ▲
Basal diastolic pressure (mm/Hg)
68.46 ± 7.86
64.71 ± 5.75
69.36 ± 6.85
75.26 ± 7.55 #●▲
*P-value <0.05 is considered statistically significant
# indicates significant difference (P < 0.05) on intergroup comparison with Underweight.
● indicates significant difference (P < 0.05) on intergroup comparison with Normal weight.
●● indicates significant difference (P< 0.001) on intergroup comparison with Normal weight.
▲ indicates significant difference (P < 0.05) on intergroup comparison with Overweight.
Table-1: Comparison of basal parameters between different groups according to BMI
Under weight
N=13
Mean ± SD

Normal weight
N=66
Mean ± SD

Overweight
N=25
Mean ± SD

Obese
N=46
Mean ± SD

Lying to standing test
R-R interval at 30th beat
15.85 ± 2.76
16.47 ± 2.45
16.52 ± 2.96
16.72 ± 2.74
R-R interval at 15th beat
12.46 ± 1.90
13.17 ± 1.85
12.96 ± 2.52
13.00 ± 1.98
30:15 ratio
1.31 ± 0.21
1.26 ± 0.12
1.33 ± 0.19
1.29 ± 0.15
Valsalva manoeuvre
longest R-R interval after the strain
20.62 ± 2.93
21.36 ± 3.10
20.24 ± 3.98
21.50 ± 3.20
shortest R-R interval during the
11.38 ± 1.61
12.88 ± 2.06
12.44 ± 2.06
12.64 ± 1.96
strain
Valsalva Ratio
1.84 ± 0.36
1.68 ± 0.27
1.67 ± 0.32
1.71 ± 0.23
*
P-value <0.05 is considered statistically significant
Table-2: Comparison of Parasympathetic tests between different groups according to BMI
Under weight
(N=13)
Mean ± SD

Normal weight
(N=66)
Mean ± SD

Over weight
(N=25)
Mean ± SD

Obese
(N=46)
Mean ± SD

Hand grip test (HGT)
SBP Before HGT
107.46 ±10.78
108.48 ±10.28
110.40 ± 9.23
115.98 ± 11.74 # ●● ▲
SBP After HGT
127.92 ±15.58
129.82 ± 14.32
130.88 ± 14.78
134.43 ± 16.00 # ● ▲
SBP Difference HGT
20.46 ± 9.73
22.97 ± 10.77
20.44 ± 8.70
18.17 ± 11.40 ●
DBP Before HGT
68.46 ± 7.96
65.71 ± 6.75
68.36 ± 7.81
71.26 ± 8.65 ●●
DBP After HGT
85.31 ± 10.84
84.05 ± 10.79
84.60 ± 12.49
85.11 ± 12.26
DBP Difference HGT
16.77 ± 8.39
18.55 ± 8.71
16.24 ± 7.86
14.74 ± 8.69 ●
COLD pressor test (CPT)
SBP Before CPT
106.38 ±10.10
107.45 ± 9.32
112.12 ± 8.95
115.63 ± 11.67 # ●●
SBP After CPT
125.00 ±12.05
126.42 ± 13.15
127.68 ± 11.57
130.46 ± 13.03 ●
SBP Difference CPT
18.62 ± 8.03
19.06 ± 8.31
15.56 ±8.65
14.85 ± 7.22 ●
DBP Before CPT
67.31 ± 7.43
64.82 ± 6.44
68.12 ± 7.46 ●
70.52 ± 7.63●●
DBP After CPT
81.92 ± 10.55
80.56 ± 9.07
83.68 ± 10.75
83.59 ± 2.66 ●
DBP Difference CPT
14.62 ± 7.96
15.74 ± 5.16
15.60 ± 6.36
13.07 ± 6.29 ●▲
*
P-value <0.05 is considered statistically significant.
Inter group comparison was done by one way ANOVA with post hoc test.
# indicates significant difference (P < 0.05) on intergroup comparison with Underweight.
● indicates significant difference (P < 0.05) on intergroup comparison with Normal weight.
●● indicates significant difference (P< 0.001) on intergroup comparison with Normal weight.
▲ indicates significant difference (P < 0.05) on intergroup comparison with Overweight.
Table-3: Comparison of Sympathetic tests among different groups according to BMI

C8

P value*

0.052
0.002
0.008

P value*

0.776
0.713
0.209
0.384
0.103
0.279

P value*

0.002
0.027
0.480
0.003
0.319
0.067
<0.001
0.067
0.048
0.001
0.046
0.039
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were significantly higher in obese subjects followed by
overweight, normal weight and under weight (P < 0.05) as
shown in Table 1.
Comparison of Parasympathetic tests i.e. Lying to Standing
test between different groups according to BMI i.e.
underweight, normal weight, overweight and obese did not
reveal significant difference as shown in Table 2. Similarly
in the Valsalva manoeuvre, the mean of Valsalva ratio for
different groups was not statistically significant (P = 0.279).
Inter group comparison of 30:15 ratio and Valsalva ratio
done by one way ANOVA with post hoc test did not reveal a
significant difference, indicating that there is no significant
change in parasympathetic activity with an increase in BMI.
Table 3 shows that the mean SBP before HGT was highest for
obese (115.98 ± 11.74mm/Hg), then for overweight (110.40 ±
9.23 mm/Hg), followed by normal weight and under weight.
The difference was found to be statistically significant (P =
0.002). Mean DBP before HGT was found to be significantly
raised in obese than in normal weight subjects. The inter
group comparison of P values of SBP and DBP before HGT
is highly significant for normal weight vs obese subjects. (P
= 0.001) while between normal weight vs overweight it is
significant (P < 0.05). Inter group comparison of SBP and
DBP difference HGT is significantly lower for obese group
as compared to normal weight.
In case of CPT, SBP before CPT was found highest in obese
subjects (115.63 ± 11.67 mm/Hg), followed by overweight
subjects (112.12 ± 8.95 mm/Hg) than in normal weight
subjects (107.45 ± 9.32 mm/Hg). A statistically significant
difference was found between the groups (P < 0.001).
Similarly, DBP before and after CPT was found to be highest
in obese than other subjects. But comparison of mean SBP
and DBP difference CPT between different groups was
statistically significant. On inter group comparison, P value
of SBP and DBP difference CPT is significantly lower for
obese subjects as compared to normal weight (P < 0.05).
The above results indicated that in obese subjects increased
sympathetic activity at resting condition is seen and there is
a statistical significant difference in sympathetic response to
stressor as compared to normal weight subjects.

DISCUSSION
The present study examined the effect of BMI on cardiac
autonomic activity. Evaluation of status of the autonomic
nervous system was assessed with the help of various noninvasive tests like Lying to Standing test, Valsalva maneuver,
sustained Hand grip test and Cold pressor test. Evaluation
of parasympathetic system tests primarily provide an index
to cardiac vagal functions. While sympathetic tests are of
prognostic importance to determine sympathetic reactivity.
The findings of our study indicated that mean basal SBP
and DBP were significantly higher in obese subjects. It
can be hypothesized that higher resting blood pressure in
obese group could be due to higher vasoconstrictor tone and
increase in cardiac output due to increased circulatory load
on heart, as a consequence of increase in BMI body mass
index.20

In our study comparison of parasympathetic tests between
different groups according to BMI i.e. underweight,
normal weight, overweight and obese were not statistically
significant (P > 0.05). No change in parasympathetic nervous
system functioning was found in obese children as compared
to normal weight. This was also reported by Bedi et al21
in “Assessment of Autonomic Function Activity in Obese
Children” (2009) and also by Piccirillo et al22 and Hofmann
et al.23 On inter group comparison of parasympathetic tests
between normal weight vs overweight and normal weight vs
obese subjects it revealed that there is no significant change
in parasympathetic activity with an increase in BMI.
The mean resting SBP and DBP was highest for obese than for
overweight than normal weight and under weight. However,
on comparison of different groups the mean SBP and DBP
difference HGT was found to be lower in obese than normal
weight and was statistically significant (P < 0.05). Akhtar et
al24 who, studied sympathetic nerve function status in obesity
(2010), also revealed mean values of resting SBP and DBP
were significantly higher and blood pressure response to
HGT was significantly lower in obese as compared to non
obese control, indicating impaired sympathetic autonomic
function. Bedi et al21 also in HGT found that the DBP increase
was less in obese children than that of controls indicating
sympathetic insufficiency in obese children.
Another test of sympathetic function (CPT) revealed, that
mean resting SBP and DBP was highest for obese than for
overweight than normal weight and under weight. However,
on comparison of different groups, the mean SBP and
DBP difference CPT was found to be lower in obese than
normal weight and was statistically significant (P < 0.05).
On inter group comparison of sympathetic tests between
normal weight vs obese subjects, results indicated that in
obese subjects had increased sympathetic activity at the
resting condition and blood pressure response to CPT was
significantly lower in obese as compared to normal weight
subjects, thus points towards sympathetic insufficiency in
obese subjects. Similar results were found in the study by
Bedi et al21 and LeBlanc et al.25 Valensi et al26 also found
sympathetic insufficiency was also associated with obesity.
They showed that glucose-induced inhibition of the lipid
oxidation rate in obese women was greater in the patients
with autonomic dysfunction. This could be because of a
decrease in sympathetic activity.
Landsberg et al27 suggested that decreased sympathetic
activity may result in a disordered homeostatic mechanism
thus promoting excessive storage of energy.
The main goal of our study was to assess changes in
sympathetic and parasympathetic nervous system activity in
obese young adults. No change in parasympathetic nervous
system functioning was found but there was an impaired
sympathetic autonomic function in obese young adults as
opposed to normal weight.

CONCLUSION
In conclusion, our study revealed an impaired sympathetic
autonomic function in obese young adults as opposed to
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normal weight. Obesity is associated with ANS dysfunction
which may because of various cardiovascular complications.
So, if autonomic nervous system dysfunction is diagnosed
early by doing autonomic function tests, it may prove an
important aid in the identification of those prone to weight
gain and are at higher risk of cardiovascular complications
Thus, the exercise training in obese individuals may result
not only in weight loss and reduction in cardiovascular
risk but also in the improvement of the autonomic nervous
system of thermoregulatory control over the obesity.28
Limitations of the study
The sample size in the present study is moderate, especially
the sample was drawn from one limited geographical area,
which is inadequate for extrapolating the application of these
findings to the general population.

14.
15.

16.
17.

18.

REFERENCES
1.
2.

3.

4.
5.

6.

7.

8.
9.
10.
11.

12.
13.

C10

Gracey, Michael. New World syndrome in Western
Australian aborigines. Clin Exp Pharmacol Physiol.
1995; 22:220–225.
WHO. Consideration of the evidence on childhood
obesity for the Commission on Ending Childhood
Obesity: report of the Ad hoc Working Group on
Science and Evidence for Ending Childhood Obesity.
Geneva: World Health Organization, 2016
Singh AS, Mulder C, Twisk JW, van Mechelen W,
Chinapaw MJ. Tracking of childhood overweight into
adulthood: a systematic review of the literature. Obes
Rev. 2008; 9: 474–488.
Lobstein T, Baur L, Uauy R. Obesity in children and
young people: a crisis in public health. Obes Rev. 2004;
5: 4–85.
Must A, Jacques PF, Dallal GE, Bajema CJ, Dietz
WH. Long-term morbidity and mortality of overweight
adolescents. A follow-up of the Harvard Growth Study
of 1922 to 1935. N Engl J Med. 1992; 327: 1350–1355.
Abdullah A, Wolfe R, Stoelwinder JU, de Courten M,
Stevenson C, Walls HL, et al. The number of years lived
with obesity and the risk of all-cause and cause-specific
mortality. Int J Epidemiol. 2011; 40: 985–96.
Caird J, Kavanagh J, O’Mara-Eves A, Oliver K, Oliver
S, Stansfield C, et al. Does being overweight impede
academic attainment? A systematic review. Health Educ
J. 2014; 73: 497–521.
Drenick E, Bale G, Seltzer F. Excessive mortality and
causes of death in morbidly obese men. J Am Med
Assoc. 1980; 243: 443–445.
Hirsch J, Mackintosh R. Measuring activity of the
autonomic nervous system in humans. Obes Res. 2003;
11: 2-4
Bray GA. Autonomic and endocrine factors in the
regulation of energy balance. Fed Proc. 1986; 45:14041410
Quadri R, Maule S, Flecchia D, Veglio M, Rovera L,
Rosa C, et al. Autonomic nervous system activity in
obese subjects before and after caloric restriction. Funct
Neurol. 1990; 5:273-276
Valensi P, Thi BN, Lormeau B, Paries J, Attali JR.
Cardiac autonomic function in obese patients. Int J
Obes Relat Metab Disord. 1995; 19:113-118.
Spraul M, Ravussin E, Fontvieille AM, Rising R,

19.

20.

21.
22.

23.
24.
25.
26.

27.
28.

Larson DE, Anderson EA. Reduced sympathetic
nervous activity. A potential mechanism predisposing to
body weight gain. J Clin Invest. 1993; 92:1730-1735.
Scherrer U, Randin D, Tappy L, Vollenweider P, Jequier
E, Nicod P. Body fat and sympathetic nerve activity in
healthy subjects. Circulation. 1994; 89: 2634-2640.
Arrone LJ, Mackintosh R, Rosebaum M, Leibel RL,
Hirsch J. Cardiac autonomic nervous system activity
in obese and never obese young men. Obes Res
1997;5:354-359.
Garrow JS, Webster J. Quetlet’s index as a measure of
fatness. Int J Obes 1985;9:147-153.
India reworks obesity guidelines, BMI lowered. 2008;
Available from http://www.igovernment.in/site/Indiareworks-obesity-guidelines-BMI-lowered/[cited 2012
16th September].
Khandelwal E, Jaryal AK, Deepak KK. Cardiovascular
autonomic functions & cerebral auto regulation in
patients with orthostatic hypotension. Indian J Med Res.
2011; 134:463-469.
Deepak D, Sinha AN, Gusain VS, Goel A. A study on
effect of meditation on sympathetic nervous system
functional status in meditators. Journal of Clinical &
Diagnostic Research. 2012;6:938-942.
Valensi P, Ngoc BPT, Idriss S, Paries J, Cazes P,
Loormeau, et al. Haemodynamic response to an
isometric exercise tests in obese patients: influence
of autonomic dysfunction. Int J Obes Relat Metab
Disord.1999;23: 543-549.
Bedi M, Khullar S and Varshney VP. Assessment of
autonomic function activity in obese children. Vascular
Disease Prevention. 2009; 6: 139-141.
Piccirillo G, Vetta F, Viola E, Santagada E, Ronzoni S,
Cacciafesta M, et al. To asses autonomic modulation of
cardiovascular activity in massively obese subject. Int J
Obes Relat Metab Disord. 1998; 22:741-750.
Hofmann KL, Mussgsy L, Ruddel H. Autonomic
cardiovascular regulation in obesity. J Endocrinol.
2000; 164: 59-66.
Akhter S, Begum N, Ferdousi S, Begum S, Ali T.
Sympathetic nerve function status in obesity . J
Bangladesh Soc Physiol. 2010;5:34-39.
LeBlanc J, Dulac S, Cote J, Girard B. Autonomic
nervous system and adaptation to cold in man. J Appl
Physiol 1975; 39:181-186.
Valensi P, Lormeau B, Dabbech M, Miossec P, Pariès
J, Dauchy F, et al. Glucose induced thermogenesis,
inhibition of lipid oxidation rate and autonomic
dysfunction in non-diabetic obese women. Int J Obes
Relat Metab Disord 1998; 22:494-499.
Landsberg L, Young JB. The role of the sympathoadrenal
system in modulating energy expenditure. Clin
Endocrinol Metab 1984; 13: 475-499.
Amano M, Kanda T, Ue H, Moritani T. Exercise
training and autonomic nervous system activity in obese
individuals. Medicine & Science in Sports & Exercise.
2001; 33:1287-1291.

Source of Support: Nil; Conflict of Interest: None
Submitted: 19-01-2019; Accepted: 16-03-2019; Published: 28-03-2019

International Journal of Contemporary Medical Research
Volume 6 | Issue 3 | March 2019 | ICV: 98.46 |

ISSN (Online): 2393-915X; (Print): 2454-7379

