Exercise as a preventive tool in the progression of
hypertension to cardiovascular disease
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ABSTRACT

Hypertension (HTN) stands as an adjustable risk trait for cardiovascular disease (CVD), the foremost cause of both mortality and morbidity
across the globe. Incorporating physical exercise into medical care is important and may aid in treating hypertension and CVD. The
frequency and intensity of exercise, particularly moderate levels of physical activity, are closely linked to a decrease in adverse CVD
events associated with high blood pressure, as well as improved health outcomes. After physical training, the drop in blood pressure is
much higher in hypertension patients, ranging from 6 to 7 mmHg. Additionally, it may help prevent or delay the age-related increase in
arterial stiffness. Engaging in physical activity can improve insulin sensitivity, mitigate plasma dyslipidemia, normalize elevated blood

pressure, reduce blood viscosity, stimulate the production of endothelial nitric oxide, and enhance leptin sensitivity.
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INTRODUCTION

Physical Exercise, Blood Pressure, and Hypertension

The World Health Organization (WHO) has released its
inaugural report, shedding light on the extensive worldwide
impact of high blood pressure. According to the published
report, hypertension affects 1 in 3 adults worldwide, which
contributes significantly to cardiovascular disease (CVD)
mortality and morbidity.! One person dies every 33 seconds
in the United States (US) from cardiovascular disease.?
About 695,000 people in the US died from heart disease in
2021—that’s 1 in every five deaths.?® Hypertension places a
significant public health burden on cardiovascular well-being
and the healthcare system in Asia, with India experiencing
a notable impact.* Both rural and urban areas of India face
significant challenges with hypertension as a public health
issue.” As published by the Registrar General of India,
hypertension affects 25.0% of the urban population and
10.0% of the rural population in the country.* While the global
incidence of hypertension among adults is well-documented,
uncertainties persist regarding hypertension among children
and adolescents due to its historically low occurrence and
limited epidemiological research in this age group.®

Consistent physical exercise is key in primary prevention
efforts against hypertension. ’ Its advantages are not
restricted to individuals with high blood pressure but also
to those with conditions such as type 2 diabetes,® chronic
kidney disease,’ and depression.10 Consistent exercise,
such as walking, yoga, aquatic sports, and football, is are
effective health or medical management option in addressing
hypertension or cardiovascular disease. "' The frequency and
intensity of physical exercise, especially moderate-intensity
physical activities (30 minutes of exercise, 5 times a week),
significantly reduce the occurrence of adverse cardiovascular
events related to blood pressure.'? Furthermore, Vigorous-
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intensity physical activities had a better protective effect on
cardiovascular health than moderate-level activity in both
genders, while moderate-level physical activities could only
affect patients younger than 60 years old.”> According to a
research report, individuals who engaged in high-intensity
physical activity for an average of 2.29 MET h/week (30 min/
week) had an 18% (95% Cl 0.72-0.93) reduced risk of
cardiovascular mortality compared with non-participants and
no further risk reductions were observed at higher levels."

Regular moderate physical exercise employs various
physiological effects on the body’s circulatory system,
including enhancing vascular endothelial function through
improved flow-mediated vasodilatation (FMD), reducing the
resting heart rate (RHR) by enhancing parasympathetic tone,
stimulating vasculogenesis through endothelial progenitor
cells, and enhancing tolerance for ischemia and reperfusion
injury. °

Hypertension (HTN) has emerged as a substantial health issue,
contributing to compensatory pathological hypertrophy
and impacting cardiac function. Modifications of lifestyle,
including physical exercise, are encouraged for hypertensive
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patients. While some studies imply that exercise training can
reverse pathological hypertrophy, studies on hypertensive
animal models have shown increased cardiac growth with
exercise practice. '

In normotensive individuals, chronic physical training
typically results in an approximate 3-4 mmHg reduction in
resting blood pressure.”” "' Hypertensive patients experience
an even greater reduction in blood pressure, with a decrease
of 6-7 mmHg following training.' Despite the promotion
of hypertrophy, engaging in physical exercise offers
protection against cell death. It could potentially enhance
cardio-myocyte replication, leading to the progression of
a presumed characteristic. One of the hallmark beneficial
effects of exercise in hypertension is the enhancement of
myocardial 3-adrenergic responsiveness.?°

Pathophysiology of Hypertension

Alteration of vascular structure, endothelial dysfunction, and
sympathetic overstimulation are leading contributing factors
to the pathophysiology of hypertension (HTN).2' Physical
conditioning has been demonstrated as an effective and
essential aspect of non-drug interventions for controlling
blood pressure.?? Various exercise regimen options (including
aerobic, resistance, and concurrent training) have shown
differential contributions to reducing and controlling
blood pressure, sparking scientific debate on the optimal
exercise training regimen (including modality, volume,
and intensity) for achieving these effects. Exercise training
induces a variety of physiological alterations, with vascular
and autonomic adaptations playing crucial roles in managing
blood pressure.?'

In the context of standard therapy for hypertension, the
benefits of exercise on hypertension and CVD have been
well established.?® Engaging in regular physical exercise
is related to decreased blood pressure, thereby lowering
the risk of cardiovascular disease and promoting cardiac
remodeling.?* Although both exercise and hypertension may
lead to the progression of left ventricular hypertrophy (LVH),
the cardiac alteration resulting from HTN is pathological,
characterized by an increase in myocyte hypertrophy, fibrosis,
and heightened risk of heart failure and mortality. In contrast,
LVH observed in athletes is typically non-pathological and
devoid of the fibrosis commonly seen in hypertension.?
Treating hypertension can halt the progression or onset
of LVH and diminish cardiovascular risk.?% In HTN patients,
physical activity has been linked to a paradoxical regression
or prevention of LVH, indicating a mechanism through which
aerobic exercise can benefit hypertensive individuals.
Regular physical activity (PA) is widely considered beneficial
for cardiovascular health. Regular exercise is strongly
linked with a reduction in cardiovascular mortality and the
likelihood of developing cardiovascular disease.?” Individuals
who engage in physical exercise experience lower BP,
increased insulin sensitivity, and a more favorable plasma
lipoprotein profile. The connection between blood lipids

and cardiovascular health is greatly impacted by systemic
insulin sensitivity, and resistance to insulin signaling is
recognized as a factor in promoting heart disease, partly
through alterations in the blood lipid profile.?® Studies in
animal models revealed that PA on a regular basis inhibits
the progression of atherosclerosis and enhances the presence
of vasodilatory mediators like nitric oxide.? Exercise has also
been found to have positive impacts on the heart.

During exercise, the elevation in cardiac stroke volume
and heart rate raises cardiac output. This, coupled with a
temporary rise in systemic vascular resistance, leads to an
elevation in mean arterial blood pressure.>® Changes in
vascular function and cardiac exercise have been connected
with various alterations in tissue metabolism and signaling
pathways. However, our understanding of the underlying
mechanisms of these changes remains incomplete. While
moderate levels of exercise consistently demonstrate a
reduction in cardiovascular disease risk, the earlier finding
suggests that maintaining high levels of exercise, such
as marathon running, could have unfavorable effects
on cardiovascular health.?! Engaging in physical activity
throughout life enhances cardiovascular fitness, leading to
improved blood pressure and a decreased prevalence of
hypertension and coronary heart disease.3? It may also delay
or prevent age-related increases in arterial stiffness.*

Type of Exercise

The effect of specific exercise types (aerobic, resistance, or
a combination) on blood pressure and vascular function
remains uncertain. Engaging in aerobic exercise, typically
involving 30 to 40 minutes of training at 60 to 85% of the
predicted maximal heart rate on most days of the week,
demonstrates significant improvement in blood pressure
and reduction in augmentation index. 133! Resistance
training, typically consisting of three to four sets of eight to
12 repetitions at 10 repetitions maximum, performed three
days a week, demonstrates significantimprovement in blood
pressure. Conversely, combination exercise training, involving
15 minutes of aerobic and 15 minutes of resistance exercises,
performed five days a week, appears to provide beneficial
effects on vascular function, albeit to a lesser extent. Aerobic
exercise appears to produce greater benefits for both blood
pressure and vascular function.®?

Exercise offers numerous advantages, such as heightened
mitochondrial function, revitalization and enhancement of
the vasculature, and the secretion of myokines from skeletal
muscle, which helps to maintain or enhance cardiovascular
function.?*

Overwhelming evidence supports the association between
lifelong exercise and an extended healthspan, resulting in
the delayed onset of 40 chronic conditions or diseases.>
Regarding molecular mechanisms, the effects of endurance
exercise training on cardiovascular fitness and its correlation
with enhanced health outcomes, along with the emerging
molecular links between endurance training and mental
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health, are key considerations in sustaining and enhancing
quality of life.%®

The global prevalence of hypertension (HTN) continues to
rise, highlighting the significance of prioritizing primary
prevention as a crucial global public health initiative.3¢%”
Promoting physical activity is frequently essential for
lifestyle adaptation that can help prevent hypertension.
Epidemiological findings consistently illustrate a temporal
and dose-dependent correlation between physical activity
and hypertension development. In recent years, the favorable
effects of exercise on lowering BP have been well established,
elucidating the relationship between physical activity and
hypertension.3® Although substantial evidence supports
the role of physical activity in preventing hypertension,
numerous questions remain unanswered. These include
inquiries into the protective benefits of physical activity
for high-risk individuals, factors that could moderate the
relationship between physical activity and hypertension,
and determining the optimal prescription for hypertension
prevention.3®

The prevalence and risk predictors associated with
cardiovascular disease (CVD) underscore the significance
of PA, which is advised to improve leptin sensitivity, reduce
blood viscosity, normalize high BP,improve insulin sensitivity,
reduce plasma dyslipidemia and elevate endothelial nitric
oxide production, all of which thereby safeguard the heart
and blood vessels. 39 Furthermore, the protective effects of
exercise extend beyond laboratory animal models to clinical
studies, as highlighted by WHO recommendations. The
American Heart Association advises moderate exercise of 30
minutes, 5 times a week, as a general intensity for preventing
CVD in humans. However, standard exercise regimens may
not suit everyone, leading to an inevitable trend toward
tailored approaches that maximize benefits while minimizing
inefficient physical activities.>®

There is a strong association between hypertension and
CVD. Additionally, aerobic exercise training has proven
effective in reducing blood pressure both during exercise
and ambulation.*®* Acute aerobic exercise has been
demonstrated to induce relative hypotension during the
post-exercise recovery phase.** Therefore, the overall
decrease in BP resulting from aerobic exercise training
helps alleviate the afterload on the heart, forming the
theoretical foundation for exercise’s potential in mitigating
cardiac hypertrophy in hypertension. Chronic hypertension
adversely affects myocardial structure and function, leading
to pathological concentric hypertrophy. This hypertrophic
cardiac response to elevated pressure overload is believed
to be an adaptation aimed at normalizing left ventricular
wall stress, thereby aiding in maintaining cardiac function
despite increased hemodynamic load. This phenomenon
is known as compensatory hypertrophy. In hypertension,
compensated left ventricular hypertrophy encompasses
cardiomyocyte hypertrophy, apoptosis, and proliferation.
Exercise impacts each of these pathways, although the
precise role of individual signaling pathways remains unclear.

Hypertension and Development of Cardiovascular
Diseases

Mechanical loading factors govern the development of
compensated hypertrophy alongside the activation of
endocrine, paracrine, and autocrine growth factors. These
factors stimulate the hypertrophic growth of cardiomyocytes
by signaling through specific G-protein coupled ligand
receptors. 4% These signaling tracts also regulate Ca®*
transients, particularly in response to the increased afterload
observed in hypertensive hearts. However, persistent
activation of these pathways and consequent chronic rises
in intracellular Ca®* concentrations prompt cardiomyocyte
growth through mechanismsrelated to Ca?*-calmodulin. ¢4
Specifically, the Ca?"-calmodulin-activated protein
phosphatase, calcineurin, plays a pivotal role in mediating
hypertension-induced compensatory hypertrophy. Upon
activation, calcineurin dephosphorylates members of the
nuclear factor of activated T-cells (NFAT) transcription
factor family within the cardiomyocyte cytoplasm,
facilitating their nuclear translocation and initiating a fetal
gene program. *>% Qverexpression of calcineurin through
transgenic means has been demonstrated to significantly
augment heart size and trigger heart failure, whereas
inhibition of calcineurin prevents these pathological
developments. 4647 While calcineurin inhibition halts
cardiac hypertrophy in response to pressure overload, it
does not lead to short-term hemodynamic compromise.*®
Various methods of calcineurin inhibition have also been
effective in attenuating the development of agonist-
induced cardiac hypertrophy induced by phenylephrine
and angiotensin Il infusions. 4*°

Beneficial Effects of Exercise in Cardiovascular Disease
Exercise training reduces calcineurin expression, yet in
animal studies, exercise induces cardiomyocyte hypertrophy
while decreasing apoptosis and fibrosis. However, high
volume/intensity exercise in hypertension may pose
risks to the heart by increasing apoptosis and cardiac
dysfunction. Human studies on exercise training yield mixed
morphometric results, with some indicating a decrease
in left ventricular mass and others showing no change.
Conversely, exercise training in hypertensive animal studies
has been demonstrated to mitigate or postpone the onset
of hypertension. >' Research findings indicate that voluntary
activity wheel running reduces sympathetic tone, leads to
resting bradycardia, and diminishes the tachycardic response
during progressive exercise in spontaneously hypertensive
rats.>>%3 This effect can be partly attributed to a notable
reduction in adrenergic tone that regulates heart rate during
exercise.>® Exercise enhances the overall heart phenotype
in humans and animals, a benefit unrelated to hallmark
exercise-induced blood pressure reduction. Among the
shifts associated with hypertension is the downregulation
of the adrenergic receptor (AR) system. Exercise training
enhances (-adrenergic receptor (BAR) responsiveness in
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the heart, potentially by elevating BAR binding affinity or
through downstream effects such as suppressing G Protein-

Coupled Receptor Kinase 2 and calcineurin. Regardless of

the underlying mechanisms, exercise and physical activity
engagement s crucial for prehypertensive and hypertensive

patients, preferably at low intensities. Patients should closely

cooperate with their medical professionals to tailor an
appropriate exercise regimen.

CONCLUSION 12.

Incorporating physical exercise into medical care is
importantand may aid in the treatment of hypertensionand 5
cardiovascular disease (CVD). The frequency and intensity
of physical exercise, particularly moderate exercise, are
strongly linked to positive health outcomes and a reduction

in unfavorable cardiovascular events associated with high

blood pressure. Additionally, it may prevent or delay the
age-related increase in arterial stiffness. Regular physical

exercise canimprove leptin sensitivity, reduce blood viscosity,
boost endothelial nitric oxide production, enhance insulin

sensitivity, lower plasma dyslipidemia, and restore elevated

blood pressure to normal levels.

REFERENCES 17.
1.

12

First WHO report details devastating impact of hypertension
and ways to stop it [Internet]. [cited 2025 May 28]. Available
from: https://www.who.int/news/item/19-09-2023-first-who-
report-details-devastating-impact-of-hypertension-and-ways-
to-stop-it

National Center for Health Statistics. Multiple Cause of Death
2018-2021 on CDC WONDER Database. Available at https:/
wonder.cdc.gov/mcd.html (Accessed February 2, 2023).

Tsao CW, Aday AW, Almarzooq Zl|, et al. Heart disease and stroke
statistics—2023 update: A report from the American Heart
Association. Circulation. 2023;147(8):e93-e621. DOI: 10.1161/
cir.0000000000001123.

Basu S, Malik M, Anand T, Singh A. Hypertension control
and regional performance in India: A repeated cross
sectional analysis (2015-2021). Cureus. 2023;15(2):e35449. DOI:
10.7759%2Fcureus.35449.

Narayanappa D, Rajani HS, Mahendrappa KB, Ravikumar VG.
Prevalence of pre hypertension and hypertension among urban
and rural school going children. Indian Ped. 2012;49(9):755-6.
DOI: 10.1007/513312-012-0159-5.

Sumna VM , Malhotra S, Gupta S, Goswami K, Salve HR.
Prevalence and associated factors of hypertension among
adolescents in a rural community of North India. Cureus.
2023;15(10):e47934. DOI: 10.7759%2Fcureus.47934.

Hassan MA, Zhou W, Ye M, He H, Gao Z. The effectiveness of
physical activity interventions on blood pressure in children
and adolescents: A systematic review and network meta-
analysis. J Sport Health Sci. 2024;13(5):699-708. DOI: 10.1016/j.
jshs.2024.01.004.

Syedaa USA, Battillo D, Visariac A, Malin SK. The importance of
exercise for glycemic control in type 2 diabetes. Am JMed Open.
2023;9(8):100031. DOI: 10.1016/j.2jm0.2023.100031.

Castlea EM, Billany RE, Lightfoot CJ, et al. Exercise as a
therapeutic intervention in chronic kidney disease: Are we

Indian Journal of Physiology and Allied Sciences, Volume 77 Issue 3 (2025)

14.

15.

16.

18.

19.

20.

21.

22,

23.

24.

25.

26.

nearly there yet? Curr Opin Nephrol Hypertens. 2023;32:502-8.
DOI: 10.1097/mnh.0000000000000923.

. Noetel M, Sanders T, Gallardo-Gomez D, et al. Effect of exercise

for depression:systematic review and network meta-analysis
of randomised controlled trials. BMJ. 2024;384:€075847. DOI:
10.1136/bmj-2023-075847.

. Zhu Z, Yan W, Yu Q, Wu P, Bigambo FM, Chen J. Association

between exercise and blood pressure in hypertensive
residents: A meta-analysis. Evid Based Complement Alternat Med.
2022;2022:2453805. DOI: 10.1155/2022/2453805.

Tian D, MengJ. Exercise for preventionand relief of cardiovascular
disease: Prognoses, mechanisms, and approaches. Oxid Med Cell
Longev. 2019;2019:3756750. DOI: 10.1155/2019/3756750.

. Lin B, Zhang Z, Zhang W, et al. Associations of physical activity

types and intensity with cardiovascular diseases by age and
gender among 18,730 Chinese adults. Sci Rep. 2023;13:14623.
DOI: 10.1038/541598-023-41768-0.

Bergwall S, Acosta S, Ramne S, Mutie P, Sonestedt E. Leisure-time
physical activities and the risk of cardiovascular mortality in the
Malmo diet and Cancer study. BMC Pub Health. 2021;21:1948.
DOI: 10.1186/512889-021-11972-6.

15.Gielen S, Schuler GV. Cardiovascular effects of exercise
training: Molecular mechanisms. Circulation. 2010;122(12):1221-
38.DOI: 10.1161/circulationaha.110.939959.

Libonati JR. Cardiac effects of exercise training in hypertension.
ISRN Hypertension. 2013;(1):1-9. DOI: 10.5402/2013/980824.
17.Halbert JA, Silagy CA, P. Finucane, Withers RT, Hamdorf PA,
Andrews GR. The effectiveness of exercise training in lowering
blood pressure: A meta-analysis of randomised controlled trials
of 4 weeks or longer.JHum Hypertension. 1997;11(10):641-9. DOI:
10.1038/sj.jhh.1000509.

Whelton SP, Chin A, Xin X, He J. Effect of aerobic exercise on
blood pressure: A meta-analysis of randomized, controlled
trials. Ann Intern Med. 2002;136(7):493-503. DOI: 10.7326/0003-
4819-136-7-200204020-00006.

Fagard RH. Exercise characteristics and the blood pressure
response to dynamic physical training. Med Sci Sports Exerc.
2001;33(6):5484-92. DOI: 10.1097/00005768-200106001-00018.
Leosco D, Parisi V, Femminella GD, et al. Effects of exercise
training on cardiovascular adrenergic system. Front Physiol.
2013;4:348. DOI: 10.3389/fphys.2013.00348.

Sabbahi A, Arena R, Ekloda A, Phillips SA. Exercise and
hypertension: Uncovering the mechanisms of vascular
control. Prog Cardiovasc Dis. 2016;59(3):226-34. DOI: 10.1016/j.
pcad.2016.09.006.

22.Larsen MK, Matchkov VV. Hypertension and physical
exercise: The role of oxidative stress. Medicina. 2016;(52):19-27.
DOI: 10.1016/j.medici.2016.01.005.

di Cagno A, Fiorilli G, Buonsenso A, et al. Long term physical
activity effectively reduces the consumption of antihypertensive
drugs: A randomized controlled trial. J Cardiovasc Dev Dis.
2023;10(7):285. DOI: 10.3390/jcdd10070285.

Schmitt EE, McNair BD, Polson SM, Cook RF, Bruns DR.
Mechanisms of exercise induced cardiac remodeling differ
between young and aged hearts. Exerc Sport Sci Rev.
2022;50(3):137-44. DOI: 10.1249/jes.0000000000000290.
Lovic D, Narayan P, Pittaras A, Faselis C, Doumas M, Kokkinos
P. Left ventricular hypertrophy in athletes and hypertensive
patients. J Clin Hypertens (Greenwich). 2017;19 (4):413-7. DOI:
10.1111/jch.12977.

de Castro QJT, Tomaz FSC, Watai PY, Guimaraes . Physical



Exercise and CVD Prevention

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

30.

40.

exercise combined with antihypertensive drug therapy on left
ventricular hypertrophy: Systematic review and meta-analysis.
High Blood Press Cardiovasc Prev. 2020;27(6):493-503. DOI:
10.1007/540292-020-00403-z.

Pinckard K, Baskin KK. Stanford KI. Effects of exercise to improve
cardiovascular health. Front Cardiovasc Med. 2019;6:1-12. DOI:
10.3389/fcvm.2019.00069.

Ormazabal V, Nair S, Elfeky O, Aguayo C, Salomon C, Zuniga FA.
Association between insulin resistance and the development
of cardiovascular disease. Cardiovasc Diabetol. 2018;17:122. DOI:
10.1186/512933-018-0762-4.

Shepherd JT. Circulatory response to exercise in health.
Circulation. 1987;76(Pt 2):VI3-10. PMID: 3315298.

Hambrecht R, Adams V, Erbs S, et al. Regular physical activity
improves endothelial function in patients with coronary artery
disease by increasing phosphorylation of endothelial nitric
oxide synthase. Circulation. 2003;107:3152-8. DOI: 10.1161/01.
Cir.0000074229.93804.5c.

O’Riordan C, Savage E, Newell M, Flaherty G, Hartigan I.
Cardiovascular disease risk factor profile of experienced male
amateur marathon runners: A systematic review. Sports Health.
2023;15(5):661-72. DOI: 10.1177/19417381231176534.

Pal S, Radavelli-Bagatini S, Ho S. Potential benefits of exercise
on blood pressure and vascular function. J Am Soc Hypertens.
2013;7(6):494-506. DOI: 10.1016/j.jash.2013.07.004.

LanYS, Khong TK, Yusof A. Effect of exercise on arterial stiffness
in healthy young, middle aged, and older women: A systematic
review. Nutrients. 2023;15(2):308. DOI: 10.3390/nu15020308.
Park SY, Rossman MJ, Gifford JR, et al. Exercise training improves
vascular mitochondrial function. AmJ Physiol Heart Circ Physiol.
2016;310(7):H821-9. DOI: 10.1152%2Fajpheart.00751.2015.
Ruegsegger GN, Booth FW. Health Benefits of Exercise. Cold
Spring Harb Perspect Med. 2018;8(7):a029694. DOI: 10.1101/
cshperspect.a029694.

Carey RM, Muntner P, Bosworth HB, Whelton PK. Prevention and
control of hypertension: JACC health Promotion Series. JAm Coll
Cardiol.2018;72(11):1278-93. DOI: 10.1016%2Fj.jacc.2018.07.008.
Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He
J. Global burden of hypertension: Analysis of worldwide data.
Lancet. 2005;365:217-23.

Diaz KM, Shimbo D. Physical activity and the prevention of
hypertension. Curr Hypertens Rep. 2013;15(6):659-68. DOI:
10.1007/511906-013-0386-8.

Tian D, Meng J. Exercise for Prevention and Relief of
Cardiovascular Disease: Prognoses, Mechanisms, and
Approaches. Oxid Med Cell Longev. 2019;3756750. DOI:
10.1155/2019/3756750.

Pescatello LS, Franklin BA, Fagard R, Farquhar WB, Kelley
GA, Ray CA. American college of sports medicine position
stand. Exercise and hypertension. Med Sci in Sports Exerc.
2004;36(3):533-53. DOI: 10.1249/01.mss.0000115224.88514.3a.

PEER-REVIEWED CERTIFICATION

During the review of this manuscript, a double-blind peer-review policy has been followed. The author(s) of this manuscript
received review comments from a minimum of two peer-reviewers. Author(s) submitted revised manuscript as per the
comments of the assigned reviewers. On the basis of revision(s) done by the author(s) and compliance to the Reviewers'
comments on the manuscript, Editor(s) has approved the revised manuscript for final publication.

Indian Journal of Physiology and Allied Sciences, Volume 77 Issue 3 (2025)

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Marceau M, Kouame N, Lacourciere Y, Cleroux J. Effects of
different training intensities on 24-hour blood pressure in
hypertensive subjects. Circulation. 1993;88(6):2803-11. DOI:
10.1161/01.CIR.88.6.2803.

Jennings GL, Deakin G, Korner P, Meredith I, Kingwell B, Nelson
L. What is the dose-response relationship between exercise
training and blood pressure? Ann Med. 1991;23(3):313-8. DOI:
10.3109/07853899109148066.

Jessup JV, Lowenthal DT, Pollock ML, Turner T. The effects of
endurance exercise training on ambulatory blood pressure in
normotensive older adults. Geriatr Nephrol Urol. 1998;8(2):103-9.
DOI: 10.1023/a:1008287320868.

Hollmann W. Physical activity in prevention of ischemic heart
disease. Ann Clin Res. 1988;20(1-2):53-7. PMID: 3408214.

Frey N, Olson EN. Cardiac hypertrophy: The good, the bad and
the ugly. Ann Rev Physiol. 2003;65:45-79. DOI: 10.1146/annurev.
physiol.65.092101.142243.

Molkentin JD. Calcineurin—NFAT signaling regulates the
cardiac hypertrophic response in coordination with the
MAPKs. Cardiovasc Res. 2004;63(3):467-75. DOI: 10.1016/j.
cardiores.2004.01.021.

Molkentin JD, Lu JR, Antos CL, Markham B, Richardson J,
Robbins J. A calcineurin-dependent transcriptional pathway
for cardiac hypertrophy. Cell. 1998;93(2):215-28. DOI: 10.1016/
S0092-8674(00)81573-1.

Hill JA, Karimi M, Kutschke W, et al. Cardiac hypertrophy is not
a required compensatory response to short-term pressure
overload. Circulation. 2000;101(24):2863-9. DOI: 10.1161/01.
cir.101.24.2863.

TaigenT,de Windt LJ, Lim HW, Molkentin JD. Targeted inhibition
of calcineurin prevents agonist-induced cardiomyocyte
hypertrophy. Proc Nat/ Acad Sci US A. 2000;97(3):1196-1201. DOI:
10.1073%2Fpnas.97.3.1196.

de Windt LJ, Lim HW, Bueno OF, et al. Targeted inhibition of
calcineurin attenuates cardiac hypertrophy in vivo. Proc Nat!
Acad Sci USA. 2001;98(6):3322-7. DOI: 10.1073/pnas.031371998.
Fregly MJ. Effect of an exercise regimen on development of
hypertension in rats. J Appl Physiol Respir Environ Exerc Physiol.
1984;56(2):381-7. DOI: 10.1152/jappl.1984.56.2.381.

DiCarlo SE, Collins HL, Rodenbaugh DW, Smitha MR, Berger
RD, Yeragani VK. Daily exercise reduces measures of heart
rate and blood pressure variability in hypertensive rats. Clin
Exp Hypertens. 2002;24(3):221-34. DOI: 10.1081/ceh-120003202.
Gava NS, Veras-Silva AC, Negrao CE, Krieger EM. Low-intensity
exercise training attenuates cardiac 3-adrenergic tone during
exercise in spontaneously hypertensive rats. Hypertension.
1995;26(6):1129-33. DOI: 10.1161/01.hyp.26.6.1129.

Krieger EM, Brum PC, Negrao CE. State-of-the-art lecture:
Influence of exercise training on neurogenic control of blood
pressure in spontaneously hypertensive rats. Hypertension.
1999;34(4Pt 2):720-3. DOI: 10.1161/01.hyp.34.4.720.

13



