
563	         National	Journal	of	Physiology,	Pharmacy	and	Pharmacology		 2016 | Vol 6 | Issue 6

RESEARCH ARTICLE

Effect	of	acute	isotonic	exercise	on	cardiovascular	functional	status	among	
adolescents	with	different	body	mass	indices

Swathi	Ammireddy1,	Indla	Yogananda	Reddy1,	Male	Yanadi	Reddy2,	Rameshwari	Reddy1,	
Mummadi	Rameswarudu1,	Devulapally	Yamini1,	Mohammed	Aleemuddin1,	Srilekha	Varikunta1

1Department of Physiology, SVS Medical College, Yenugonda, Mahabubnagar, Telangana, India, 2Department of Social and 
Preventive Medicine, SVS Medical College, Yenugonda, Mahabubnagar, Telangana, India

Correspondence	to: Indla Yogananda Reddy, E-mail: yoga4udotcom@yahoo.co.in

Received: May 10, 2016; Accepted: May 27, 2016

ABSTRACT

Background: Although within the physiological range, overweight and obese adolescents, who are otherwise normal, 
have blood pressures at the higher side, whereas underweight adolescents have lower blood pressures when compared with 
the normal weight individuals. Aims	and	Objectives: (1) To assess the functional status of the cardiovascular system by 
measuring the heart rate (HR) and blood pressure in adolescents with different body mass indices (BMI) at rest. (2) To 
illustrate the response of the cardiovascular system to acute isotonic exercise by recording the HR and blood pressure 
in normal weight, underweight, and overweight adolescents. Materials	and	Methods: A total of 44 adolescents, aged 
between 17 and 19 years with different BMI, are the study group. Subjects are categorized into underweight, normal weight, 
and overweight/obese group based on their BMI. HR and blood pressure were recorded before and immediately after the 
acute bicycle ergometer exercise test, with three finger test and sphygmomanometer, respectively. Results:	Increase in 
HR, systolic blood pressure (SBP), and pulse pressure (PP) in diastolic blood pressure (DBP) were observed immediately 
after the exercise (P = 0.000) among all the subjects. Before the exercise, SBP, DBP, and mean arterial blood pressure 
(P = 0.002, 0.008, and 0.003) and after the exercise, SBP and PP (P = 0.007 and 0.037) are significant among underweight, 
normal weight, and overweight subjects. Conclusion:	Overweight/obese adolescents are having higher blood pressure at 
rest. SBP and PP were increased more in overweight/obese adolescents after the exercise than the normal weight subjects.
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INTRODUCTION

There is increased epidemic of obesity among the athletic 
adolescents, resulting in improper functioning of the 
cardiovascular system.[1] Not only in adolescents but also 
in adult males and females, hypertension in overweight 
and hypotension in underweight persons, are serious health 
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concerns.[2] There is increased magnitude of association 
between the blood pressure and cardiovascular diseases 
with increased body mass index (BMI).[3] BMI, age, systolic 
blood pressures (SBP) and diastolic blood pressures (DBP) 
are positively correlated, though the extent of relation is 
different. Sedentary life style, poor food habits, improper 
sleep, and mental stress are the common predisposing factors 
for both obesity and hypertension. Change in socioeconomic 
status intensifies the BMI and blood pressure levels.[4] BMI 
is directly associated with blood pressure at rest.[5] In general, 
blood pressure indices will be high in overweight and low in 
underweight adolescents, though there is a gender difference. 
SBP and DBP are more in overweight and less in underweight 
male adolescents, but in females only DBP is significant.[6] At 
rest parasympathetic activity is more in female adolescents 

National	Journal	of	Physiology,	Pharmacy	and	Pharmacology	



Ammireddy et al. Isotonic exercise on cardiovascular functions

     National	Journal	of	Physiology,	Pharmacy	and	Pharmacology	 5642016 | Vol 6 | Issue 6

than in males,[7] and hence, their heart rate (HR) is lower 
than the males. There are ethnic variations in blood pressure 
among the adolescents; Indian origin adolescents have higher 
blood pressure values than their counterpart African origin 
people in Suriname.[8] Hypothesis of the study is, overweight/ 
obese adolescents, who are otherwise normal, have blood 
pressures at the higher side,  before and after the exercise 
when compared with the normal weight individuals and 
underweight adolescents have lower blood pressures.

Objectives

1. To assess the functional status of the cardiovascular 
system by measuring the HR and blood pressure in 
adolescents with different BMI at rest.

2. To illustrate the response of the cardiovascular system to 
acute isotonic exercise by recording the HR and blood 
pressure immediately after the exercise in normal weight, 
underweight, and overweight adolescents.

MATERIALS	AND	METHODS

It is a simple, randomized experimental study. The present 
study is permitted by the institutional ethical committee. 
Written informed consent was obtained from all the subjects 
after making them to understand the methods and objectives 
of the study.

Forty four adolescents of both the gender, aged between 17 and 
19 years, were included in the study randomly. Adolescents 
who are not willing to participate in the study, h/o recent 
surgeries, h/o cardiovascular diseases were excluded from 
the study.

Methods

The study was conducted in the research laboratory of the 
department of physiology; duration of the study is 1 month. 
After removing the footwear with minimal cloths on, height 
and weight were measured to the nearest points with a 
stadiometer and weighing machine, respectively. Subjects are 
categorized into underweight, normal weight, and overweight/
obese group based on their BMI. BMI was calculated using 
the formula; BMI = Weight (in kg)/height (in m2). Subjects 
with BMI ≤18.4 are categorized as underweight, 18.5-24.99 
normal weight, 25-29.9 overweight, and ≥30 are obese 
subjects; we kept the overweight and obese subjects under 
one group as overweight/obese groups.[9]

Blood pressure was recorded with the sphygmomanometer, 
and HR was measured with three finger test. After allowing 
complete rest for 5 min, blood pressure was recorded on 
left hand in sitting posture with appropriate cuff sizes by a 
qualified physician; three readings were taken at an interval 
of 1 min. Average of the three readings was considered as 
the final figure. All the participants are subjected to bicycle 

ergometer and requested to peddle the ergometer as fast as 
they can for 5 min. They are advised to stop the exercise 
immediately if they attain muscular fatigue. HR and blood 
pressure were recorded before and immediately after the 
bicycle ergometer exercise test. Management of blood 
pressure is followed as per the guidelines.[10]

Statistical	Analysis

Sample size was calculated based on the below-mentioned 
formula for HR as outcome variable; probability of Type I 
error or level of significance (α) was 0.05 (5%), the power of 
the test (1−β) was 0.80 (80%), the effect size (E) was 1.475, 
the SD of the change in the outcome (S (Δ)) was 3.475. 
N = [(1.00) (Zα+Zβ)

2]/[(E/S (Δ))2] = 43.56 = 44.[11] Data were 
analyzed with GraphPad Prism 6.01 Version Software. For 
normal continuous data, paired “t” test was administered 
before and after the exercise. Comparison of normal 
continuous data between underweight, normal weight, and 
overweight groups was carried out with one-way “ANOVA” 
test. For continuous non-normal data, Kruskal-Wallis test 
is performed followed by Bonferroni’s/Dunn’s multiple 
comparisons test.[12,13] P < 0.05 are considered as significant.

RESULTS

Findings of this study are depicted in Tables 1-3.

DISCUSSION

Table 1 shows the HR, SBP, DBP, pulse pressure (PP), and 
mean arterial blood pressure (MABP) in all the adolescents 
before and after the exercise. In the present study, HR, 
SBP, and PP were increased significantly after the exercise, 
whereas DBP is decreased. In isotonic moderate or severe 

Table	1: In all the subjects, HR in beats per minute, SBP, 
DBP, PP, MABP in millimeters of mercury (before and 

after the exercise)
Parameter Exercise N Mean±SD P	value
HR Before 44 72.4±8.8 0.000

After 44 102.0±20.1
SBP Before 44 109.0±9.4 0.000

After 44 127.0±23.2
DBP Before 44 75.5±11.0 0.000

After 44 62.6±8.6
PP Before 44 32.8±7.7 0.000

After 44 67.5±15.2
MABP Before 44 86.3±9.9 0.217

After 44 85.0±9.1

Paired t-test, P<0.05 is significant. SD: Standard deviation, 
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, 
PP: Pulse pressure, MABP: Mean arterial blood pressure, 
HR: Heart rate
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exercise, the SBP is directly proportional to HR, and as the HR 
is increased SBP also increases. DBP is directly proportional 
to peripheral resistance, in moderate isotonic exercise DBP 

may increase, decrease, or remain same. However, in severe 
isotonic exercise, peripheral resistance will decrease and 
hence DBP also decreases. As there is increased SBP and 
decreased DBP, PP also increases because it is the difference 
of these two pressures. Although DBP is decreased, MABP 
is not changed because of increased PP. Tables 2 and 3 shows 
the comparison of HR, SBP, DBP, PP, and MABP among 
underweight, normal weight, overweight adolescents before 
and after the exercise, respectively. At rest SBP, DBP, and 
MABP and immediately after the exercise SBP and PP were 
significant when compared among the three adolescent 
groups. There is a positive correlation between the BMI and 
the MABP among the adolescents, and our results are in line 
with the earlier research reported.[14] Higher levels of blood 
pressure and BMI in midlife prelude the risk of cardiovascular 
diseases in late life.[15] BMI is significantly associated with 
cardiopulmonary fitness exercise tests in heart failure patients.
[16] BMI and waist circumference are positively correlated 
with blood pressure.[17] Among the adult population of Africa 
and Asia, blood pressure is strongly associated with BMI.
[18] BMI can be a predictor of hypertension among the adult 
women who are normotensive initially.[19] Even in pregnant 
women who are either normotensive or chronic hypertensive, 
the MABP is positively correlated with BMI.[20] Higher free 
triiodothyronine levels may be one of the cause for high 
PP in overweight and obese adult individuals.[21] There are 
some contradicting results also reported, during long-term 
follow-up, alteration in BMI is not accompanied by changes 
in PP,[22] this could be attributed to age. Multiple comparisons 
of HR, SBP, DBP, and MABP among the three groups were 
carried out before and after the exercise. Before the exercise, 
SBP, DBP, and MABP between normal weight versus 
overweight and also between underweight versus overweight 
adolescents were significant. After the exercise, SBP and 
PP between underweight versus overweight, and SBP 
between normal weight versus overweight adolescents were 
significant. Weight control along with the regular physical 
activity can obtain the normal blood pressure.[23] Regular 
long-term exercise will stabilize the cardiovascular functional 
status by maintaining the normal BMI in underweight and 
overweight adult individuals.[24] By keeping the ideal BMI, 
one can restrict or delay the occurrence of the cardiovascular 
diseases.

Limitations	of	the	Study

Advanced investigating tests such as ECG and 2D Echo have 
an advantage over the methods used in the present study.

CONCLUSION

Overweight adolescents are having higher blood pressures 
and underweight adolescents are having lower blood 
pressures before and after the exercise when compared with 
the normal weight individuals.

Table	2: Comparison of HR in beats per minute, SBP, 
DBP, PP, MABP in millimeters of mercury in all the three 

groups (before the exercise)
Parameter Groups N Mean±SD P	value
HR Underweight 12 72.6±7.6 0.652

Normal Weight 25 73.1±10.0
Overweight 7 69.6±6.2

SBP Underweight 12 105.0±4.7 0.002
Normal Weight 25 108.0±8.9
Overweight 7 119.0±10.6

DBP Underweight 12 74.0±7.2 0.008
Normal Weight 25 73.0±9.8
Overweight 7 86.9±14.5

PP Underweight 12 29.7±7.8 0.185
Normal Weight 25 34.6±7.2
Overweight 7 32.0±8.3

MABP Underweight 12 83.9±5.3 0.003
Normal Weight 25 84.4±8.8
Overweight 7 97.5±12.7

One-way analysis of variance test (Kruskal-Wallis test), P<0.05 is 
significant. SD: Standard deviation, SBP: Systolic blood pressure, 
DBP: Diastolic blood pressure, PP: Pulse pressure, MABP: Mean 
arterial blood pressure, HR: Heart rate

Table	3: Comparison of HR in beats per minute, SBP, 
DBP, PP, MABP in millimeters of mercury in all the three 

groups (after the exercise)
Parameter Groups N Mean±SD P	value
HR Underweight 12 100.2±17.8 0.924

Normal Weight 25 102.6±22.5
Overweight 7 100.0±16.8

SBP Underweight 12 116.3±30.8 0.007
Normal Weight 25 126.3±16.7
Overweight 7 148.0±16.7

DBP Underweight 12 61.0±7.0 0.360
Normal Weight 25 61.8±6.8
Overweight 7 68.3±14.6

PP Underweight 12 63.7±10.2 0.037
Normal Weight 25 65.8±17.3
Overweight 7 79.7±6.7

MABP Underweight 12 82.03.7 0.201
Normal Weight 25 83.8±7.2
Overweight 7 94.8±15.0

One-way analysis of variance test (Kruskal-Wallis test), P<0.05 is 
significant. SD: Standard deviation, SBP: Systolic blood pressure, 
DBP: Diastolic blood pressure, PP: Pulse pressure, MABP: Mean 
arterial blood pressure, HR: Heart rate



Ammireddy et al. Isotonic exercise on cardiovascular functions

     National	Journal	of	Physiology,	Pharmacy	and	Pharmacology	 5662016 | Vol 6 | Issue 6

ACKNOWLEDGMENT

We also thank our institutional management for their untiring 
support and encouragement in the field of research in every 
aspect. We thank all the participants who took part in the 
study.

REFERENCES

1. Stiefel EC, Field L, Replogle W, McIntyre L, Igboechi O, 
Savoie FH 3rd. The prevalence of obesity and elevated 
blood pressure in adolescent student athletes from 
the State of Mississippi. Orthop J Sports Med. 
2016;4(2):2325967116629368.

2. Afolabi IS, Chinedu SN, Emeka E, Iweala J, Olubanke OO, 
Azuh DE. Body mass index and blood pressure in a Semiurban 
community in Ota, Nigeria. Food and Public Health. 
2015;5(5):157-63.

3. Wang H, Cao J, Li J, Chen J, Wu X, Duan X, et al. Blood 
pressure, body mass index and risk of cardiovascular disease 
in Chinese men and women. BMC Public Health. 2010;10:189.

4. Mungreiphy NK, Kapoor S, Sinhan R. Association between 
BMI, blood pressure, and age: Study among Tangkhul Naga 
tribal males of northeast India. J Anthropol. 2011;2011:Article 
ID: 748147, 6.

5. Papathanasiou G, Zerva E, Zacharis I, Papandreou M, 
Papageorgiou E, Tzima C, et al. Association of high blood 
pressure with body mass index, smoking and physical activity 
in healthy young adults. Open Cardiovasc Med J. 2015;9:5-17.

6. Ravisankar P, Mohan M, Udupa K, Sankaranarayanan E. 
Correlation between body mass index and blood pressure 
indices, handgrip strength and handgrip endurance in 
underweight, normal weight and overweight adolescents. 
Indian J Physiol Pharmacol. 2005;49(4):455-61.

7. Subramaniam BS. Influence of body mass index on heart rate 
variability (HRV) in evaluating cardiac function in adolescents 
of a selected Indian population. Ital J Public Health. 
2011;8(2):149-55.

8. Agyemang C, Oudeman E, Zijlmans W, Wendte J, Stronks K. 
Blood pressure and body mass index in an ethnically diverse 
sample of adolescents in Paramaribo, Suriname. BMC 
Cardiovasc Disord. 2009;9:19.

9. Garrow JS, Webster J. Quetelet’s index (W/H2) as a measure of 
fatness. Int J Obes. 1985;9:147-53.

10. James PA, Oparil S, Carter BL, Cushman WC, Dennison-
Himmelfarb C, Handler J, et al. 2014 evidence-based guideline 
for the management of high blood pressure in adults: report 
from the panel members appointed to the Eighth Joint National 
Committee (JNC 8). JAMA. 2014;311:507-20.

11. Rosner B. Fundamentals of Biostatistics. 4th ed. Boston: 
Duxbury Press; 1995. p. 221.

12. Holm S. A simple sequentially rejective multiple test procedure. 
Scand J Stat. 1979;6(2):65-70.

13. Dunn OJ. Multiple comparisons using rank sums. 

Technometrics. 1964;6:241-52.
14. Sonam D, Nagaraja S, Bondade SY. Relationship between 

body mass index and mean arterial pressure in obese adolescent 
females. Int J Basic Appl Physiol. 2015;4(1):93-6.

15. Lee DS, Massaro JM, Wang TJ, Kannel WB, Benjamin EJ, 
Kenchaiah S, et al. Antecedent blood pressure, body mass 
index, and the risk of incident heart failure in later life. 
Hypertension. 2007;50(5):869-76.

16. Horwich TB, Leifer ES, Brawner CA, Fitz-Gerald MB, 
Fonarow GC. The relationship between body mass index and 
cardiopulmonary exercise testing in chronic systolic heart 
failure. Am Heart J. 2009;158(4):S31-6.

17. Guimarães IC, de Almeida AM, Santos AS, Barbosa DB, 
Guimarães AC. Blood pressure: Effect of body mass index 
and of waist circumference on adolescents. Arq Bras Cardiol. 
2008;90(6):393-9.

18. Tesfaye F, Nawi NG, Van Minh H, Byass P, Berhane Y, 
Bonita R, et al. Association between body mass index and 
blood pressure across three populations in Africa and Asia. 
J Hum Hypertens. 2007;21:28-37.

19. Shuger SL, Sui X, Church TS, Meriwether RA, Blair SN. Body 
mass index as a predictor of hypertension incidence among 
initially healthy normotensive women. Am J Hypertens. 
2008;21:613-9.

20. Guedes-Martins L, Carvalho M, Silva C, Cunha A, Saraiva J, 
Macedo F, et al. Relationship between body mass index 
and mean arterial pressure in normotensive and chronic 
hypertensive pregnant women: A prospective, longitudinal 
study. BMC Pregnancy Childbirth. 2015;15:281.

21. De Pergola G, Nardecchia A, Ammirati A, Caccavo D, 
Bavaro S, Silvestris F. Abdominal obesity is characterized by 
higher pulse pressure: Possible role of free triiodothyronine. 
J Obes. 2012;2012:656303.

22. Kristjansson K, Sigurdsson JA, Lissner L, Sundh V, 
Bengtsson C. Blood pressure and pulse pressure development 
in a population sample of women with special reference 
to basal body mass and distribution of body fat and their 
changes during 24 years. Int J Obes Relat Metab Disord. 
2003;27:128-33.

23. Noe GH, Barengo C, Tuomilehto J, Lakka TA, Nissinen A, 
Jousilahti P. Relationship of physical activity and body mass 
index to the risk of hypertension: A prospective study in 
Finland. Hypertension. 2004;43:25-30.

24. Patel CH, Mishra VR, Naik SS, Dayama S, Jadeja JM. A study 
of correlation between exercise, body mass index and heart 
rate. Int J Basic Appl Physiol. 2012;1(1):93-7.

How	to	cite	this	article: Ammireddy S, Reddy IY, Reddy MY, 
Reddy R, Rameswarudu M, Yamini D, Aleemuddin M, 
Varikunta S. Effect of acute isotonic exercise on cardiovascular 
functional status among adolescents with different body mass 
indices. Natl J Physiol Pharm Pharmacol 2016;6(6):563-566.

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


