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ARTICLEINFO ABSTRACT

Physical activity (PA) and obesity are effective interventions for
hypertension. The current study is a review to explain possible
mechanisms related to the effects of PA and obesity on hypertension. To
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effects on hypertension. It should be noted that the effects of PA against
hypertension is highly variable and they are related to PA modes,
environmental and genetic factors.
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Introduction BP depends on the blood vessels' resistance
Blood pressure (BP) 1is the blood- and ability of heart work.
exerted force against the walls of the vessels. Hypertension is elevated BP to a high

level. Hypertensionis a medical condition
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that is prevalent all around the world. Long-
term hypertension increased cardiovascular
risk factors and causes heart problems such
as heart attack and stroke, heart failure,
and aneurysm.

Obesity is a risk factor for having
hypertension. Several studies have shown a
significant positive relationship between
overweight/obesity and hypertension (1). It
is demonstrated that people have an
increase in BP along with an increase in
body weight (BW) (2). It has also been
shown that individuals with the highest body
mass index (BMI) have a 16 mmHg higher
systolic BP and a 9 mmHg higher diastolic BP
compared to individuals who have the
lowest BMI (2). It showed that the systolic
BP increases by about 4 mmHg/4.5 kg of BW
(2). On the other hand, it has been shown
that the loss of BW in overweight people
lowers BP (3). Another investigation (meta-
analysis study) showed that 3%-9% of BW
loss reduced systolic (3 mmHg) and diastolic
(3 mmHg) BP (4). It showed that BW loss
(3.5 kg) reduced BP (4.0/1.1 mmHg) in
hypertensive aged people (5).

There appears to be a significant negative
relationship between having a physical
activity (PA) and hypertension. It previously
showed that PA has critical roles in
hypertension prevention and treatment. PA
has beneficial effects on both systolic and
diastolic BP and maybe induced a reduction
in BP about 5-7 mmHg in hypertension
condition (6-10).PA may immediately cause
a reduction in systolic BP. It noted that the
BP reduction followed almost 24 hours post
of PA event with the most positive effects
seen in subjects with higher baseline BP (7).
It showed that chronic PA has more
sustained reductions in BP(11).

As mentioned above, PA and obesity are
effective interventions for hypertension. The
present study is a narrative review to
explain possible mechanisms related to the
effects of PA and obesity on hypertension.

Method

In the current review study, a variety of
scientific databases were searched using the
keyword "hypertension” and some English
articles related to obesity and PA were
investigated. Then, the mechanisms of
obesity and PA concerning hypertension
were extracted from the collected articles.

J Cardiothorac Med. 2021; 9(2):780-785

Mechanisms of obesity-related to
hypertension

Lobatoet al. reported that obese mice
have higher BP and impairment in the
relaxation of the aorta in response to
acetylcholine. They reported that the
dysfunction in endothelial cells, reduction in
antioxidant defense, and nuclear factor kB
(NFkB) pathway activation are related to
hypertension (12). Thus, it seems that
vascular pro-inflammatory factors and
oxidative stress have effects on endothelial
dysfunction and consequently hypertension.
Ferro et al reported that respiratory
quotient value is related to hypertension
prevalence. They reported that subjects with
high respiratory quotient and BMI have a
higher risk of having hypertension (13). It
has been reported that loss of BW (even a
modest reduction about 5%) can cause a
significant reduction in the activity of the
RAA systems -in blood circulation and fat
tissue- and reduces BP (14). On the other
hand, BW gain increases the incidence of
hypertension significantly (15). Becqueet al.
reported that the most of obese adolescents
with elevated BP, showed elevated blood
triglyceride (TG) concentration, decreased
high-density  lipoprotein = (HDL), and
increased total cholesterol (TC)
concentration along with elevated systolic or
diastolic BP (16).

Obesity and overweight may induce
hypertension via impairing renal pressure
(RP) natriuresis in hypertension conditions
(17).In obesity conditions, the kidneys
sodium reabsorption increased and RP
natriuresis was impaired by activation of
RAA and sympathetic nervous systems and
also by altering intrarenal physical forces
(17). Obesity condition also induced changes
in the structure of kidneys and loss of the
nephron function (17). The BW loss
probably lowering BP via insulin sensitivity
improvement and sympathetic nervous
system activity reduction (18). The
decreased activity of sympathetic caused by
reduced activation of the RAA system,
natriuresis, contracted plasma volume, and
return of the high cardiac output state are
mechanisms for the decrease
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of BP by loss of BW in overweight
hypertensive people (3).

As mentioned above, the obesity
condition induces an overactivated RAA
system. The sympathetic nervous system
activity is increased in obese subjects with
hypertensive, which could induce obesity-
related renal effects. On the other hand,
there might be inhibition of the natriuretic
peptides system. A decrease in insulin
sensitivity and hyperinsulinemia (metabolic
syndrome element) is a critical link between
obesity and hypertension (19). Adipose

tissue secretions such as leptin, tumor
necrosis factor-a (TNF- a), interleukin (IL)-
6, angiotensinogen, and nonesterified fatty
acids may contribute to the development of
hypertension (20), for example, leptin-
mediated sympathetic activation and
consequently hypertension (21). On the
other hand, adiponectin has a protective
effect against hypertension through an
endothelial-dependent mechanism (22).
Figure 1, presents some main mechanisms
related to the effects of obesity on
hypertension.

1 Structural changes in the kidneys

1 Renin-angiotensin-aldosterone systems
1 Sympathetic nervous system activity

| Natriuretic peptides system

y 1 Angiotensinogen

1 Triglyceride

| High-density lipoprotein

1 Total cholesterol
| Insulin sensitivity

1 Leptin
| Adiponectin

1 Interleukin-6

Obesity

1 Tumor necrosis factor-a

1 Vascular pro-inflammatory factors
1 Oxidative stress

Hypertension

Figure 1. Main mechanisms related to the effects of obesity on hypertension.

Mechanisms of PA
hypertension

A meta-analysis suggests that PA reduces
BP independent of changes in the BW (23).
According to a study, PA was reduced but
did not remove the effects of obesity on
hypertension risk (24).
It reported that (a meta-analysis study),
systemic vascular resistance dysfunction,
norepinephrine, and renin activity are key
factors regarding the decrease in BP after PA
(25). The BP reduction following PA is
probably due to changes in the resistance of

concerning

782

peripheral vascular. The changes in the
resistance of peripheral vascular may be due
to neurohormonal (sympathetic nerve
activity) and structural (arterial lumen
diameters) (26). Changes in oxidative stress
and inflammation, endothelial cells,
compliance of arterial, BW, activity of the
RAA system, the activity of the
parasympathetic, renal function, and
sensitivity of insulin are other mechanisms
regarding the effect of PA (6). The
mechanisms underlying the beneficial effect
of PA on BP are not certain and are still
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under investigation (27). Improved
endothelial function is a key possible
mediator of the hypotensive response

observed with PA. The 24 hours post of PA
blood pressure-lowering is mainly due to the
stroke volume reduction or the sympathetic
nervous tone modulation. PA affects BP via
endothelium vasodilatation and nitric oxide
release. PA as shear stresses endothelium
nitric oxide and enhances the endothelial
velocity (24, 28). Shear stress enhances the
nitric oxide expression and synthase in
endothelial cells and induces up-regulation
of free-radical scavengers such as cytosolic
copper-and  zinc-containing  superoxide
dismutase. Shear-stress  induced  of
angiotensin-converting enzyme suppression
and creates relaxation by activation of
bradykinin(29, 30).

The PA anti-hypertensive response must be
highly variable due to differences in PA
regimens, environmental factors, and genetic
related factors (31). In one study, 20-25% of
subjects with hypertension were non-
responders and had no reduction in BP by
using PA (32,33). Studies regarding the
impact of genetic and clinical factors on
response/no response of patients to PA is
still going on (31). Figure 2, presents some
main mechanisms related to the effects of PA
on hypertension.
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Figure 2. Main mechanisms related to the effects of PA on hypertension.

Conclusion

There are many mechanisms related to the
effects of PA and obesity on hypertension.
Overall, obesity causes an increase in RAA
systems, harmful changes in lipid and
lipoprotein profile, a decrease in insulin
sensitivity as well as harmful changes in
adipokines, oxidative stress, and
J Cardiothorac Med. 2021; 9(2):780-785

inflammatory factors. PA improves the
above-mentioned changes caused by obesity.
Overall, PA mainly via critical changes in
oxidative stress, inflammation, the function
of endothelial cells, compliance of arterial,
BW, the activity of RAA system, the activity
of parasympathetic, renal function, and
sensitivity of insulin has positive effects on
hypertension. It should be noted that the
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effects of PA against hypertension are highly
variable and they are related to PA modes,
environmental and genetic factors.

Declaration of conflicting interests

The authors declare no potential conflicts of
interest concerning the research, authorship,
and/or publication of this article.

Funding

The authors received no financial support
for the research, authorship, and/or
publication of this article.

References

1. Harsha DW, Bray GA. Weight loss and
blood pressure control (Pro). Hypertension.
2008;51(6):1420-5; discussion 5.

2. Higgins M, Kannel W, Garrison R, Pinsky
J, Stokes ], 3rd. Hazards of obesity--the
Framingham experience. Acta Med Scand Suppl.
1988;723:23-36.

3. Reisin E, Frohlich ED. Effects of weight
reduction on arterial pressure. ] Chronic Dis.
1982;35(12):887-91.

4. Mulrow CD, Chiquette E, Angel L, Cornell
J, Summerbell C, Anagnostelis B, et al. Dieting to
reduce body weight for controlling hypertension
in adults. Cochrane Database Syst Rev.
2000(2):CD000484.

5. Whelton PK, Appel L], Espeland MA,
Applegate WB, Ettinger WH, Jr., Kostis ]B, et al.
Sodium reduction and weight loss in the
treatment of hypertension in older persons: a
randomized controlled trial of nonpharmacologic
interventions in the elderly (TONE). TONE

Collaborative Research Group. JAMA.
1998;279(11):839-46.

6. Bakker EA, Sui X, Brellenthin AG, Lee DC.
Physical activity and fitness for the prevention of
hypertension. Curr Opin Cardiol.
2018;33(4):394-401.

7. Pescatello LS, Franklin BA, Fagard R,

Farquhar WB, Kelley GA, Ray CA, et al. American
College of Sports Medicine position stand.
Exercise and hypertension. Med Sci Sports Exerc.
2004;36(3):533-53.

8. Fagard RH. Exercise therapy in
hypertensive cardiovascular disease. Prog
Cardiovasc Dis. 2011;53(6):404-11.

9, Cornelissen VA, Smart NA. Exercise
training for blood pressure: a systematic review
and meta-analysis. ] Am Heart Assoc.
2013;2(1):e004473.

10. Carlson D], Dieberg G, Hess NC, Millar PJ,
Smart NA. I[sometric exercise training for blood
pressure management: a systematic review and
meta-analysis. Mayo Clin Proc. 2014;89(3):327-
34.

784

11. Pescatello LS. Exercise and
hypertension: recent advances in exercise
prescription. Curr Hypertens Rep.
2005;7(4):281-6.

12. Lobato NS, Filgueira FP, Akamine EH,
Tostes RC, Carvalho MH, Fortes ZB. Mechanisms
of endothelial dysfunction in obesity-associated
hypertension. Braz ] Med Biol Res.
2012;45(5):392-400.

13. Ferro Y, Gazzaruso C, Coppola A, Romeo
S, Migliaccio V, Giustina A, et al. Fat utilization
and arterial hypertension in overweight/obese
subjects. ] Transl Med. 2013;11:159.

14. Narkiewicz K. Obesity and
hypertension—the issue is more complex than
we thought. Nephrology Dialysis
Transplantation. 2005;21(2):264-7.

15. Huang Z, Willett WC, Manson JE, Rosner
B, Stampfer M], Speizer FE, et al. Body weight,
weight change, and risk for hypertension in
women. Ann Intern Med. 1998;128(2):81-8.

16. Becque MD, Katch VL, Rocchini AP,
Marks CR, Moorehead C. Coronary risk incidence
of obese adolescents: reduction by exercise plus
diet intervention. Pediatrics. 1988;81(5):605-12.
17. Hall JE. The kidney, hypertension, and
obesity. Hypertension. 2003;41(3 Pt 2):625-33.
18. Mertens IL, Van Gaal LF. Overweight,
obesity, and blood pressure: the effects of modest
weight reduction. Obes Res. 2000;8(3):270-8.

19. El-Atat F, Aneja A, McFarlane S, Sowers J.
Obesity and hypertension. Endocrinol Metab Clin
North Am. 2003;32(4):823-54.

20. Yanai H, Tomono Y, Ito K, Furutani N,
Yoshida H, Tada N. The underlying mechanisms
for development of hypertension in the metabolic
syndrome. Nutr . 2008;7:10.

21. Haynes WG. Role of leptin in obesity-
related hypertension. Exp Physiol.
2005;90(5):683-8.

22. Kotchen TA. Obesity-related

hypertension: epidemiology, pathophysiology,
and clinical management. Am ] Hypertens.
2010;23(11):1170-8.

23. Whelton SP, Chin A, Xin X, He ]. Effect of
aerobic exercise on blood pressure: a meta-
analysis of randomized, controlled trials. Ann
Intern Med. 2002;136(7):493-503.

24. Jackson C, Herber-Gast GC, Brown W.
Joint effects of physical activity and BMI on risk
of hypertension in women: a longitudinal study. ]
Obes. 2014;2014:271532.

25. Panza ]JA, Quyyumi AA, Brush JE, Jr,
Epstein SE. Abnormal endothelium-dependent
vascular relaxation in patients with essential
hypertension. N Engl ] Med. 1990;323(1):22-7.
26. Hamer M. The anti-hypertensive effects
of exercise: integrating acute and chronic
mechanisms. Sports Med. 2006;36(2):109-16.

J Cardiothorac Med. 2021; 9(2): 780-785



PA and obesity: Hypertension

JCTM

Rahmati S., et al

27. Semlitsch T, Jeitler K, Hemkens LG,
Horvath K, Nagele E, Schuermann C, et al
Increasing physical activity for the treatment of
hypertension: a systematic review and meta-
analysis. Sports Med. 2013;43(10):1009-23.

28. Housaindokht MR, Chamani ], Saboury
AA, Moosavi-Movahedi AA, Bahrololoom M.
Three binding sets analysis of alpha-
Lactalbumin by interaction of tetradecyl
trimethyl ammonium bromide. Bulletin-Korean
Chemical Society. 2001;22(2):145-48.

29. Hambrecht R, Wolf A, Gielen S, Linke A,
Hofer ], Erbs S, et al. Effect of exercise on
coronary endothelial function in patients with
coronary artery disease. N Engl ] Med.
2000;342(7):454-60.

30. Gielen S, Schuler G, Hambrecht R.
Exercise training in coronary artery disease and
coronary vasomotion. Circulation.
2001;103(1):E1-6.

31. Danesh N, Navaee Sedighi Z, Beigoli S,
Sharifi-Rad A, Saberi MR, Chamani J. Determining
the binding site and binding affinity of
estradiol to human serum albumin and holo-
transferrin: fluorescence spectroscopic,
isothermal titration calorimetry and molecular
modeling approaches. Journal of Biomolecular
Structure and Dynamics. 2018;36(7):1747-63.
32. Chamani J, Moosavi-Movahedi AA. Effect
of n-alkyl trimethylammonium bromides on
folding and stability of alkaline and acid-
denatured cytochrome c: A spectroscopic
approach. Journal of Colloid and Interface
Science. 2006;297(2):561-69.

33. Pescatello LS, Blanchard BE, Tsongalis
GJ, O'Connell AA, Gordish-Dressman H, Maresh
CM, et al. A comparison of the genetic and clinical
profile of men that respond and do not respond
to the immediate antihypertensive effects of
aerobic exercise. The application of clinical
genetics. 2008;1:7-17.

J Cardiothorac Med. 2021; 9(2):780-785

785


https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.836.2317&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.836.2317&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.836.2317&rep=rep1&type=pdf
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

