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Diagnosis, Classification and Prevalence of Arterial Hypertension

Arterial hypertension is the most important mo-
difiable risk factor for all-cause morbidity and 
mortality worldwide and is associated with an 
increased risk of cardiovascular diseases (CVD). 
Additionally, arterial hypertension is the most im-
portant modifiable risk factor for dementia and 
vascular impairment (16).

According to the 2018 ESC/ESH guidelines, 
arterial hypertension is defined (Table 1), based 
on the presence of reproducibly measured res-
ting blood pressure (BP) values in the practice/
hospital, as a systolic blood pressure ≥140 mmHg 
and/or a diastolic blood pressure ≥90 mmHg (24). 
Alternatively, arterial hypertension can be diag-
nosed by self-monitoring of BP at home (systolic 
≥135 mmHg and/or diastolic ≥85 mmHg) or long-
term BP measurement (systolic ≥130 mmHg and/
or diastolic ≥80 mmHg). In the U.S.A., lower limit 

values apply for arterial hypertension. In 2017, for 
example, the U.S. guidelines reduced the threshold 
values for diagnosing hypertension to ≥130 mmHg 
systolic and/or ≥80 mmHg diastolic (measurement 
in practice/hospital).

The global prevalence of hypertension has in-
creased dramatically in recent decades. In the pe-
riod from 1990 to 2019, for example, the number 
of people aged 30 to 79 with arterial hypertension 
almost doubled from approximately 650 million to 
around 1.3 billion. Alarmingly, current projections 
predict a further increase in the global number of 
patients with hypertension to up to 1.5 billion by 
2025 (24). Even in athletes, hypertension is highly 
prevalent and one of the most common findings 
during screening (13).

The aim of antihypertensive therapy is to nor-
malize BP values with the goal of preventing or 
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	› Arterial hypertension is the most important modifiable cardiovascular risk factor for all-cause morbidity and mortality worldwide. It 
is associated with an increased risk of cardiovascular diseases (CVD) and cognitive impairment. In this regard, accumulating evidence 
points to beneficial effects of intensified blood pressure lowering by implementation of protective lifestyle patterns (e.g. physical activity, 
diet) or pharmacotherapy. The aim of this clinical review is to summarize the role of physical activity and/or exercise in prevention and 
treatment of arterial hypertension.

	› Epidemiology, prospective observational studies, and randomized controlled trials have shown positive effects of physical 
activity on blood pressure levels in patients with hypertension and in patients with high-normal and normal blood pressure. Thus, physical 
activity can prevent or slow down micro- and macrovascular end-organ damage.  

	› Physical activity should be recommended for prevention and treatment of all hypertension grades, but most patients with hypertension 
will concomitantly require drug treatment (depending on hypertension grade and individual cardiovascular risk profile).

	› Currently, increasing attention is directed to the role of personalized exercise prescriptions for prevention and treatment of arterial 
hypertension and for addressing cardiometabolic risk.
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slowing down micro- and 
macrovascular end-organ da-
mage. The prognostic benefit 
of antihypertensive therapy 
with regard to this aspect has 
been demonstrated in several 
randomized, controlled trials. 
In this regard, accumulating 
evidence promotes the be-
neficial effect of intensive BP 
treatment (16).

In 2015, the Systolic Blood 
Pressure Intervention Trial 
(SPRINT), which compared the 
benefit of treatment of systolic 
BP to a target of less than 120 
mm Hg with treatment to a tar-
get of less than 140 mm Hg, de-
monstrated lower rates of ma-
jor cardiovascular events and 
deaths from any cause follo-
wing intensive treatment (25). 
The following SPRINT-MIND 
study has shown that intensive 
BP treatment significantly re-
duced the risk of mild cognitive 
impairment, but not of demen-
tia. Furthermore, a sub-study 
of the SPRINT-MIND study has 
shown positive effects of inten-
sive BP treatment on brain out-
comes (smaller increases in WMH (White Matter Hyperinten-
sities), reduced brain volume loss) (14).

In summary, in patients ≤65 years of age, if tolerated, the 
target systolic BP should be set at 120-130 mmHg, and in pa-
tients ≥65 years target systolic pressure values of ≤140 mmHg 
should be recommended.

	 Physical (In-)Activity and Exercise	

Physical inactivity is associated with low cardiorespiratory 
fitness, hypertension, coronary artery disease (CAD), heart 
failure, insulin resistance, type 2 diabetes mellitus, dyslipi-
demia, stroke, dementia, and other chronic diseases (22).

Current guidelines (e.g. Wold Health Organization; WHO) 
recommend a minimum of 150 minutes of moderate-inten-
sity or 75 minutes of vigorous-intensity aerobic activity and 
strength training per week. According to a global analysis, 
30% of the world’s population do not meet these recommen-
dations (7). Additionally, the COVID-19 pandemic has aggra-
vated this situation (2).

Since physical activity and/or exercise is associated with 
a myriad of health benefits, the high prevalence of physical 
inactivity is a clear call for action. Physical activity is a low-
cost intervention in primary and secondary prevention for 
numerous non-communicable diseases (e.g. cardiovascular 
diseases, hypertension, metabolic diseases, cancer, demen-
tia) (22). 

Often the terms “physical activity” and “exercise” are used 
synonymously. “Physical activity”’ is defined as any musc-
le-induced bodily movement that increases energy expen-
diture above ≈1.0/1.5 metabolic equivalent of task (MET, 1 
MET=1 kcal (4184 kJ) × kg-1 ×h-1) while “physical exercise” is 
a specific, planned, and structured intervention/regimen (4).

	 Physical Activity and Exercise in Prevention	  
	 and Treatment of Hypertension	

Lifestyle factors (e.g. physical activity, exercise, nutrition) are 
basic components in the prevention and therapy of arterial 
hypertension (class IA recommendation in the 2018 ESC/ESH 
guideline for the management of arterial hypertension) (24). 

Lifestyle interventions and/or advice should be part of tre-
atment in all hypertension grades, but most patients with hy-
pertension will also require drug treatment. Drug treatment 
should be initiated depending on hypertension grade (im-
mediate drug treatment in all patients suffering from grade 
2 and grade 3 hypertension) and cardiovascular risk profile 
(immediate drug treatment in patients with very high risk 
and grade 1 hypertension) (figure 1). In patients with grade 2 
and grade 3 hypertension initiation of drug treatment should 
be recommended before starting physical exercise. 

Initial drug therapy should consider a dual combination 
of angiotensin-converting enzyme inhibitor or angiotensin 
receptor blocker with calcium channel blocker or diuretic 
(optimal single pill). However, diuretics (and in some sport 
disciplines ß-blockers) are not allowed for athletes (doping 
list) (figure 2)

Regular physical activity, as part of an active lifestyle, 
can reduce systolic BP by 5-9 mmHg (12). Results from ran-
domized controlled trials demonstrate that a 12-week en-
durance training can reduce systolic BP by 6 mmHg (5). A 
meta-analysis of 54 randomized controlled trials reports that 
regular aerobic exercise can decrease BP levels (8-10 mmHg) 
in previously sedentary adults (23). A narrative review of 27 
randomized controlled trials in patients with hypertension 
showed that regular aerobic activity reduces BP by a mean 
of 11/5 mmHg (3). In summary, the current totality of 

Figure 1  
Initiation of blood pressure-lowering treatment (lifestyle changes and pharmacotherapy) at different initial office 
blood pressure levels in accordance to 2018 ESC/ESH guidelines. BP=blood pressure; CAD=coronary artery disease; 
CVD=cardiovascular disease; HMOD=hypertension-mediated organ damage.
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evidence suggests a dose-response mechanism with stron-
gest effect on BP by exercise sessions lasting 40-60 minutes 
performed at least three times a week.

In that regard, it is worth noting that the effects of physi-
cal activity on BP are greater in hypertensive patients than 
in normotensive individuals. 

Mode of Exercise in Hypertension Treatment
Important variables related to exercise and training are the 
type of exercise (e.g., endurance, resistance, coordinative), 
training intensity, training volume (temporal extent of the 

respective training units), and training frequency (number 
of training units per week).

Regarding the type of exercise, a recent meta-analysis de-
monstrated that aerobic endurance training in hypertensi-
ve patients and isometric strength training in normotensive 
BP have the largest effect sizes (9). Low-intensity exercise 
showed no to minimal effects as did high-intensity exercise, 
while moderate-intensity exercise resulted in the maximal 
effects on arterial BP.

The 2018 ESC/ESH guideline on the management of ar-
terial hypertension recommends 5-7 units of moderate en-

 

Figure 3  
Mechanisms of physical activity on blood pressure levels (created with biorender).

 

Figure 2  
Drug treatment strategy for uncomplicated hypertension and specific aspects for athletes. ACEi=angiotensin-converting enzyme inhibitor; ARB=angiotensin 
receptor blocker; CCB=calcium channel blocker. 
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durance training (walking, jogging, cycling, swimming) with 
a duration of more than 30 minutes per unit (24). However, 
we recommend, especially for untrained individuals, an in-
creased exercise frequency rather than an increased exercise 
volume per session (e.g. 6x/week 10 minutes instead of 2x/
week 30 minutes). 

In this context, exercise intensities should be optimally 
based on individual performance analysis (e.g. spiroergome-
try, lactate testing) and should include a thoughtful consi-
deration of patient specific aspects (e.g. gender, age, comor-
bidities, medication).

During exercise, it is advisable to maintain systolic blood 
pressure ≤220 mmHg and/or diastolic blood pressure ≤105 
mmHg (1). In patients with low or moderate cardiovascular 
risk, high-intensity exercise with short systolic blood pres-
sure peaks  ≥240 mmHg can be performed (15).

Personalized Exercise  
Prescription
In summary, guidelines and recently published literature re-
commend a personalized exercise prescription for the pre-
vention and therapy of arterial hypertension (9). Personalized 
prevention and therapy should be adjusted to the needs and 
comorbidities (e.g. cycling and swimming training instead 
of jogging in overweight individuals) of the individual and 
should involve a shared decision-making process between 
physician and patient taking into account individual exercise 
preferences. Particularly in the case of seniors, the risk of 
injury and falls should also be taken into account (e.g., in the 
case of an increased risk of falls, recommendation of enduran-
ce training on a bicycle ergometer as well as coordinative-mo-
tor training to improve balance skills and reduce the risk of 
falls). Furthermore, an individual performance analysis to 
determine the individual dose (optimal training heart rate), 
also in relation to blood pressure values under stress, can  
be useful.

In addition, all patients should be advised to implement 
physical activity into their daily routine (e.g. use of a bicycle 
or a walk for short distances and/or for commuting, use of 
stairs instead of an elevator, daily goal of at least 10,000 steps).

Other non-pharmacological prevention and treatment 
approaches include weight reduction, the adaptation of pro-
tective dietary patterns, e.g. lower in sodium and higher in po-
tassium, alcohol restriction, and nicotine abstinence (table 2).

Preventive Sports Medicine Examination
Before resuming or starting a new exercise regimen, a sports 
medical check-up by a physician is highly recommended, 

especially if cardiovascular risk factors are present. This 
should identify risk factors and enable the safe practice of 
physical activity and exercise through personalized recom-
mendations, adapted to the individual situation. In patients 
with (i) arterial hypertension grade III, (ii) planned high in-
tensity exercise and (iii) individuals with high cardiovascular 
risk an examination by a sports cardiologist is recommen-
ded. In addition to a medical history and examination as 
well as a resting ECG and echocardiography, the basis for 
this is also provided by an exercise test (e.g., spiroergomet-
ry) as part of the screening examination. One special focus 
in sports medicine examination should be exercise-induced  
hypertension.

Exercise-Induced Hypertension
Exercise-induced hypertension is defined as elevated systolic 
BP > 190mm Hg for females and >210 mmHg for males (or 
>200/100 mmHg at 100 Watt) during exercise and is associa-
ted with cardiovascular events and mortality independent of 
office BP (10, 18). The underlying mechanisms of hypertensive 
exercise response are still unknown. Potential mechanisms 
are increased arterial stiffness, endothelial dysfunction, 
metabolic impairment, and resulting reduced peripheral  
relaxation.

The role of exercise-induced hypertension on myocardial 
adaptations has been less investigated in athletes. In that 
regard, one hypothesis is that a transient, repetitive pres-
sure/volume overload may cause myocardial fibrosis with 
resulting atrial fibrillation (8).

Additionally, exercise-induced hypertension is associated 
with masked hypertension (17). The masked hypertension is 
defined as a normal BP in the clinic (<140/90 mmHg), 

Influence of different lifestyle factors on blood pressure levels (12)

INTERVENTION
SYSTOLIC BP 
REDUCTION 

(MMHG)

DIASTOLIC BP 
REDUCTION 

(MMHG)

Physical Activity 5-9 2-3

Weight loss (per kg, from 3kg) 1-2 1

Mediterranean diet 4 2-3

Moderate sodium consumption 
(3-5 g/d)

7 4-5

Alcohol restriction 4-7 3-5

Table 2

Classification of blood pressure according 2018 ESC/ESH guidelines.

SYSTOLIC DIASTOLIC

OPTIMAL ≤120 AND ≤80

NORMAL 120-129 AND/OR 80-84

HIGH NORMAL 130-139 AND/OR 85-89

Grade 1 hypertension 140-159 and/or 90-99

Grade 2 hypertension 160-179 and/or 100-109

Grade 3 hypertension ≥180 and/or ≥110

Isolated systolic hypertension ≥140 and ≤90

Table 1
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but an elevated BP out of the clinic (ambulatory daytime BP 
or home BP>135/85 mmHg) causing not diagnosed and re-
sulting increased rates of organ damage and cardiovascular 
events.

Elevated BP levels are not uncommon in middle-aged ma-
rathon runners (11). Moreover, in middle aged athletes the 
prevalence of masked hypertension is increased (20). 

Thus, diagnosis and treatment of exercise-induced hyper-
tension should be recommended. Based on the potential role 
of elevated angiotensin II, endothelial dysfunction (reduced 
NO levels), and an increased autonomic nervous system first 
treatment choice are angiotensin-converting enzyme inhibi-
tors. Furthermore, reduction of exercise intensity and dura-
tion are potential approaches.

Mechanisms of Physical Activity Associated Blood 
Pressure Improvements
The cardiovascular benefits of physical activity are pleiotro-
pic. Physical activity can induce vascular adaptations like 
increased vascular compliance with concomitantly reduced 
total peripheral resistance, resulting in reduced blood pres-
sure and cardiac afterload. Additionally, it reduces sympa-
thetic nerve activity, reduces systemic inflammation, and 
- this way - prevents arterial stiffening. Additionally, physical 
activity is associated with weight loss, improved glycaemic 
control, and beneficial changes in lipoprotein metabolism 
resulting in favourable vascular effects (21).

One central mechanism of physical activity on blood pres-
sure regulation is its effect on endothelial function. Endo-
thelial dysfunction seems to precede arterial hypertension 
and microvascular diseases, one of the mechanisms being 
impaired nitric oxide (NO) availability and function. NO is a 
key mediator of endothelial function, and both animal and 
human clinical studies have shown the ability of exercise to 
improve NO-dependent endothelial vasodilation. Via multi-
ple molecular mechanisms, physical activity improves vas-

cular remodelling through endothelial cell regulation and 
smooth muscle remodelling (6, 19) (figure 3).

	 Conclusion	

Arterial hypertension is the most important modifiable risk 
factor for cardiovascular diseases and cognitive impairment. 
In the context of the demographic change, the number of in-
dividuals with arterial hypertension will increase worldwide. 
This opens a huge window of opportunities for preventive 
measures for reducing the clinical burden of hypertensive 
complications. 

Epidemiology, prospective observational studies, and 
randomized controlled trials have shown positive effects 
of physical activity and/or exercise on blood pressure levels 
in patients with arterial hypertension, high-normal, and 
individuals with normal blood pressure. Regarding imple-
mentation strategies, increasing attention is currently being 
directed to the role of personalized exercise prescriptions for 
prevention and treatment of arterial hypertension and for 
addressing the cardiometabolic risk.

Ideally, physical activity should be part of a healthy, active 
lifestyle (e.g. weight control and/or weight reduction, alcohol 
restriction) for prevention of diastolic dysfunction, atrial fi-
brillation and enlargement of the left atrium.�
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Figure 4  
Graphical abstract.



Clinical Review

79GERMAN JOURNAL OF SPORTS MEDICINE  74  3/2023

Körperliche Aktivität und Arterielle Hypertonie

References

(1)	 ACSM´S GUIDELINES FOR EXERCISE TESTING AND PRESCRIPTION. 9. ed. 
Wolters Kluwer/Lippincott Williams & Wilkins: Philadelphia; 
2014.

(2)	 AMMAR A, BRACH M, TRABELSI K, CHTOUROU H, BOUKHRIS O, MASMOUDI L,  
BOUAZIZ B, BENTLAGE E, HOW D, AHMED M, MÜLLER P, MÜLLER N,  
ALOUI A, HAMMOUDA O, PAINEIRAS-DOMINGOS LL, BRAAKMAN-JANSEN A,  
WREDE C, BASTONI S, PERNAMBUCO CS, MATARUNA L, TAHERI M, 
IRANDOUST K, KHACHAREM A, BRAGAZZI NL, CHAMARI K, GLENN JM,  
BOTT NT, GARGOURI F, CHAARI L, BATATIA H, ALI GM, ABDELKARIM O, 
JARRAYA M, ABED KE, SOUISSI N, VAN GEMERT-PIJNEN L, RIEMANN BL,  
RIEMANN L, MOALLA W, GÓMEZ-RAJA J, EPSTEIN M, SANDERMAN R, 
SCHULZ SV, JERG A, AL-HORANI R, MANSI T, JMAIL M, BARBOSA F, 
FERREIRA-SANTOS F, ŠIMUNIC B, PIŠOT R, GAGGIOLI A, BAILEY SJ, 
STEINACKER JM, DRISS T, HOEKELMANN A. Effects of COVID-19 Home 
Confinement on Eating Behaviour and Physical Activity: Results 
of the ECLB-COVID19 International Online Survey. Nutrients. 
2020; 12. doi:10.3390/nu12061583

(3)	 BÖRJESSON M, ONERUP A, LUNDQVIST S, DAHLÖF B. Physical 
activity and exercise lower blood pressure in individuals with 
hypertension: narrative review of 27 RCTs. Br J Sports Med. 2016; 
50: 356-361. doi:10.1136/bjsports-2015-095786

(4)	 CASPERSEN CJ, POWELL KE, CHRISTENSON GM. Physical activity, 
exercise, and physical fitness: definitions and distinctions for 
health-related research. Public Health Rep. 1985; 100: 126-131.

(5)	 CORNELISSEN VA, SMART NA. Exercise training for blood pressure: a 
systematic review and meta-analysis. J Am Heart Assoc. 2013; 2: 
e004473. doi:10.1161/JAHA.112.004473

(6)	 GAMBARDELLA J, MORELLI MB, WANG X-J, SANTULLI G. 
Pathophysiological mechanisms underlying the beneficial 
effects of physical activity in hypertension. J Clin Hypertens 
(Greenwich). 2020; 22: 291-295. doi:10.1111/jch.13804

(7)	 GUTHOLD R, STEVENS GA, RILEY LM, BULL FC. Worldwide trends in 
insufficient physical activity from 2001 to 2016: a pooled analysis 
of 358 population-based surveys with 1·9 million participants. 
Lancet Glob Health. 2018; 6: e1077-e1086. doi:10.1016/S2214-
109X(18)30357-7

(8)	 HALLE M, ESEFELD K, SCHINDLER M, SCHUNKERT H. Exercise 
hypertension: Link to myocardial fibrosis in athletes? Eur J Prev 
Cardiol. 2020; 27: 89-93. doi:10.1177/2047487319868795

(9)	 HANSSEN H, BOARDMAN H, DEISEROTH A, MOHOLDT T, SIMONENKO M, 
KRÄNKEL N, NIEBAUER J, TIBERI M, ABREU A, SOLBERG EE, PESCATELLO L,  
BRGULJAN J, COCA A, LEESON P. Personalized exercise prescription in 
the prevention and treatment of arterial hypertension: a Consensus 
Document from the European Association of Preventive Cardiology 
(EAPC) and the ESC Council on Hypertension. Eur J Prev Cardiol. 
2021; 29: 205-215. doi:10.1093/eurjpc/zwaa141

(10)	 KIM D, HA J-W. Hypertensive response to exercise: mechanisms and 
clinical implication. Clin Hypertens. 2016; 22: 17. doi:10.1186/
s40885-016-0052-y

(11)	 KIM Y-J, KIM C-H, PARK K-M. Excessive exercise habits of runners as 
new signs of hypertension and arrhythmia. Int J Cardiol. 2016; 
217: 80-84. doi:10.1016/j.ijcard.2016.05.001

(12)	 LECHNER K, SCHUNKERT H. Personalisierte Behandlungskonzepte 
bei arterieller Hypertonie. Herz. 2021; 46: 91-104. doi:10.1007/
s00059-020-05010-1

(13)	 MILLS KT, BUNDY JD, KELLY TN, REED JE, KEARNEY PM, REYNOLDS K, 
CHEN J, HE J. Global Disparities of Hypertension Prevalence and 
Control: A Systematic Analysis of Population-Based Studies 
From 90 Countries. Circulation. 2016; 134: 441-450. doi:10.1161/
CIRCULATIONAHA.115.018912

(14)	 SPRINT MIND INVESTIGATORS FOR THE SPRINT RESEARCH GROUP; 
NASRALLAH IM, PAJEWSKI NM, AUCHUS AP, CHELUNE G, CHEUNG AK, 
CLEVELAND ML, COKER LH, CROWE MG, CUSHMAN WC, CUTLER JA, 
DAVATZIKOS C, DESIDERIO L, DOSHI J, ERUS G, FINE LJ, GAUSSOIN SA, 
HARRIS D, JOHNSON KC, KIMMEL PL, KURELLA TAMURA M, LAUNER LJ, 
LERNER AJ, LEWIS CE, MARTINDALE-ADAMS J, MOY CS, NICHOLS LO, 
OPARIL S, OGROCKI PK, RAHMAN M, RAPP SR, REBOUSSIN DM, ROCCO MV,  
SACHS BC, SINK KM, STILL CH, SUPIANO MA, SNYDER JK, WADLEY VG, 
WALKER J, WEINER DE, WHELTON PK, WILSON VM, WOOLARD N,  
WRIGHT JT JR, WRIGHT CB, WILLIAMSON JD, BRYAN RN. Association 
of Intensive vs Standard Blood Pressure Control With Cerebral 
White Matter Lesions. JAMA. 2019; 322: 524-534. doi:10.1001/
jama.2019.10551

(15)	 NIEBAUER J, BÖRJESSON M, CARRE F, CASELLI S, PALATINI P, QUATTRINI F,  
SERRATOSA L, ADAMI PE, BIFFI A, PRESSLER A, SCHMIED C, VAN BUUREN F,  
PANHUYZEN-GOEDKOOP N, SOLBERG E, HALLE M, LA GERCHE A,  
PAPADAKIS M, SHARMA S, PELLICCIA A. Recommendations for 
participation in competitive sports of athletes with arterial 
hypertension: a position statement from the sports cardiology 
section of the European Association of Preventive Cardiology 
(EAPC). Eur Heart J. 2018; 39: 3664-3671. doi:10.1093/eurheartj/
ehy511

(16)	 OPARIL S, ACELAJADO MC, BAKRIS GL, BERLOWITZ DR, CÍFKOVÁ R, 
DOMINICZAK AF, GRASSI G, JORDAN J, POULTER NR, RODGERS A, 
WHELTON PK. Hypertension. Nat Rev Dis Primers. 2018; 4: 18014. 
doi:10.1038/nrdp.2018.14

(17)	 SCHULTZ MG, HARE JL, MARWICK TH, STOWASSER M, SHARMAN JE. 
Masked hypertension is “unmasked” by low-intensity exercise 
blood pressure. Blood Press. 2011; 20: 284-289. doi:10.3109/08037
051.2011.566251

(18)	 SHIM CY, HA JW, PARK S, CHOI EY, CHOI D, RIM SJ, CHUNG N.Exaggerated 
blood pressure response to exercise is associated with 
augmented rise of angiotensin II during exercise. J Am Coll 
Cardiol. 2008; 52: 287-292. doi:10.1016/j.jacc.2008.03.052

(19)	 SONG Y, JIA H, HUA Y, WU C, LI S, LI K, LIANG Z, WANG Y. The Molecular 
Mechanism of Aerobic Exercise Improving Vascular Remodeling 
in Hypertension. Front Physiol. 2022; 13: 792292. doi:10.3389/
fphys.2022.792292

(20)	TRACHSEL LD, CARLEN F, BRUGGER N, SEILER C, WILHELM M. Masked 
hypertension and cardiac remodeling in middle-aged endurance 
athletes. J Hypertens. 2015; 33: 1276-1283. doi:10.1097/
HJH.0000000000000558

(21)	TUCKER WJ, FEGERS-WUSTROW I, HALLE M, HAYKOWSKY MJ, CHUNG EH,  
KOVACIC JC. Exercise for Primary and Secondary Prevention of 
Cardiovascular Disease: JACC Focus Seminar 1/4. J Am Coll 
Cardiol. 2022; 80: 1091-1106. doi:10.1016/j.jacc.2022.07.004

(22)	WARBURTON DER, NICOL CW, BREDIN SSD. Health benefits of physical 
activity: the evidence. CMAJ. 2006; 174: 801-809. doi:10.1503/
cmaj.051351

(23)	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: 493-503. doi:10.7326/0003-4819-136-7-
200204020-00006

(24)	WILLIAMS B, MANCIA G, SPIERING W, AGABITI ROSEI E, AZIZI M,  
BURNIER M, CLEMENT DL, COCA A, DE SIMONE G, DOMINICZAK A, KAHAN T,  
MAHFOUD F, REDON J, RUILOPE L, ZANCHETTI A, KERINS M, KJELDSEN SE,  
KREUTZ R, LAURENT S, LIP GYH, MCMANUS R, NARKIEWICZ K, 
RUSCHITZKA F, SCHMIEDER RE, SHLYAKHTO E, TSIOUFIS C, ABOYANS V,  
DESORMAIS I; ESC SCIENTIFIC DOCUMENT GROUP. 2018 ESC/ESH 
Guidelines for the management of arterial hypertension. Eur 
Heart J. 2018; 39: 3021-3104. doi:10.1093/eurheartj/ehy339

(25)	WRIGHT JT JR, WILLIAMSON JD, WHELTON PK, SNYDER JK, SINK KM, 
ROCCO MV, REBOUSSIN DM, RAHMAN M, OPARIL S, LEWIS CE, KIMMEL PL, 
JOHNSON KC, GOFF DC JR, FINE LJ, CUTLER JA, CUSHMAN WC, CHEUNG AK, 
AMBROSIUS WT; SPRINT RESEARCH GROUP. A Randomized Trial of 
Intensive versus Standard Blood-Pressure Control. N Engl J Med. 
2015; 373: 2103-2116. doi:10.1056/NEJMoa1511939




