
 

 

Introduction 
 
Essential arterial hypertension is the most com-
mon risk factor for cardiovascular morbidity and 
mortality, affecting approximately one billion 
individuals worldwide, and is associated with 
substantial health care expenditure [1, 2]. The 
association between blood pressure (BP) and 
greater incidence of cardiovascular disease 
(CVD) begins with BP levels as low as 115/75 
mmHg, and doubles for each 20/10 mmHg in-
crease in systolic/diastolic BP [3]. 
 
Regular exercise is a well-established interven-
tion for the prevention and treatment of several 
chronic diseases, including hypertension [4, 5]. 
Higher levels of physical activity and cardiores-
piratory fitness have shown to reduce the risk of 
hypertension in healthy normotensive persons 
[6, 7]. Moreover, exercise can reduce BP in hy-
pertensive adults [8-11], and has shown to im-
prove several factors involved in the pathophysi-
ology of hypertension [11-15]. 
 
Continuous moderate-intensity exercise training 
(CMT) that can be sustained for 30 min or more 

has been traditionally recommended for hyper-
tension prevention and treatment [4, 5]. How-
ever, several studies have shown that high-
intensity interval training (HIT), which consists of 
several bouts of high-intensity exercise (~85% 
to 95% of HRMAX and/or VO2MAX) lasting 1 to 4 
min interspersed with intervals of rest or active 
recovery [11, 14, 15], is superior to CMT for 
improving cardiorespiratory fitness [13-15], en-
dothelial function and its markers [13, 15], in-
sulin sensitivity [15], markers of sympathetic 
activity [13, 14], arterial stiffness [11, 13], and 
blood glucose and lipoproteins [15] in hyperten-
sive patients and normotensive individuals at 
high familial risk for hypertension. Because 
these greater HIT-derived benefits for prevent-
ing and controlling hypertension occurred with 
thrice-weekly exercise programs, and lack of 
time is one of most cited barriers for not exer-
cising [16], prescribe HIT may have important 
implications for exercise compliance. 
 
The purpose of present manuscript is to discuss 
the compelling evidence suggesting larger bene-
ficial effects of HIT for several factors involved 
in the pathophysiology of hypertension, which 
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support the hypothesis that HIT may be more 
effective for preventing and controlling hyper-
tension. 
 
Effects of HIT on cardiorespiratory fitness and 
implications for hypertension 
 
The association between cardiorespiratory fit-
ness and health is robust and well established. 
Higher levels of cardiorespiratory fitness are 
associated with lower incidence of hypertension 
in both men and women [7, 17-19]. For exam-
ple, results from a 15-yr follow-up of the CARDIA 
study showed that each 1-min decrease in maxi-
mal treadmill test duration was associated with 
a 19% risk of developing hypertension, and sug-
gested that 21% of the hypertension cases 
could be avoided by increasing cardiorespiratory 
fitness levels [19]. The association between 
cardiorespiratory fitness and mortality is also 
consistent. Of all established risk factors, low 
cardiorespiratory fitness seems to be the 
strongest predictor of mortality in both healthy 
and CVD subjects [20, 21]. Moreover, increased 
cardiorespiratory fitness has been shown to 
reduce the risk of mortality even in subjects 
aged 70 years and older [22, 23].  

There is a close relationship between exercise 
intensity performed and cardiorespiratory fit-
ness. In this context, HIT has been shown to be 
more effective than CMT for improving cardio-
respiratory fitness in different populations [13-
15, 24-26]. In a pilot study in subjects with 
metabolic syndrome, which included hyperten-
sive patients, maximal oxygen consumption 
(VO2MAX) increased by 35% and 16% after HIT 
and CMT, respectively (group difference, P < 
0.01) [15]. In a study by our group with young 
normotensive young women at high familial risk 
for hypertension (see reference 27 for abnor-
malities of this population), greater increases in 
VO2MAX were found in HIT (16%) than CMT group 
(8%) during a 16-wk follow-up (Figure 1 shows 
the hemodynamic and neuro-humoral abnor-
malities of this population, and the effects of 
exercise training (HIT vs. CMT) on these abnor-
malities) [13, 14]. Moreover, HIT was also more 
effective than CMT for improving several mark-
ers of submaximal aerobic capacity, including 
VO2 at respiratory compensation point, toler-
ance time to reach anaerobic threshold and 
tolerance time to reach respiratory compensa-
tion point (Table 1) [14]. In sum, these studies 
underscore the superiority of HIT to improve 

Figure 1. Schematic repre-
sentation of key abnormali-
ties (and their integration) 
of young normotensive indi-
viduals at high familial risk 
for hypertension, the effects 
of exercise training (HIT vs. 
CMT), and the implications 
for hypertension prevention. 
Adapted from [13, 14, 27]. 
HIT, high-intensity interval 
training. CMT, continuous 
moderate-intensity training. 
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cardiorespiratory fitness, which may have an 
important implication for hypertension inci-
dence and mortality risk. 
 
Effects of HIT on blood pressure 
 
In contrast to cardiorespiratory fitness, the 
acute (postexercise hypotension) and chronic 
effects of exercise on resting and ambulatory 
BP appears not be influenced by exercise inten-
sity. Previous studies by our group analyzing the 
acute and chronic effects of high-intensity inter-
val and steady-state exercise in long-term 
treated hypertensive patients showed that both 
exercise programs were equally effective for 
reducing ambulatory BP [8, 11]. In young nor-
motensive women at high familial risk for hyper-
tension, we found no significant difference be-
tween a 16-wk HIT or CMT exercise program on 
exercise-induced reduction of ambulatory BP 
[13], although no significant reductions were 
found after high-intensity or steady-state exer-
cise sessions [28]. In a study with metabolic 
syndrome subjects, resting BP was reduced 
after a 16-wk HIT or CMT exercise program with 
no significant difference between programs 
[15].  
 
On the other hand, the intensity of exercise pro-
gram has affected BP response to graded exer-
cise test. We found that HIT was more effective 
than CMT to reduce systolic and diastolic BP 
response to a graded exercise test in young nor-
motensive women at high familial risk for hyper-
tension after 16 weeks of training (Figure 2) 

[13]. This greater reduction may have important 
implications for hypertension prognosis, as sup-
ported by the association between exaggerated 
BP response to exercise and incidence of future 
hypertension [29], and the greater BP response 
to exercise commonly found among this high 
risk population [27].  
 
HIT and markers of autonomic nervous system 
activity 
 
Although the precise mechanism is not com-
pletely understood, increased activation of the 
sympathetic nervous system has a key role in 
the pathogenesis of hypertension [27]. Accord-
ing to our knowledge, there is no study analyz-
ing the effects of HIT on sympathetic activity (or 
its markers) in hypertensive patients. However, 
the effects of HIT on markers of sympathetic 
activity in normotensive at high familial risk for 
hypertension have been investigated by our 
group. When investigating the plasma norepi-
nephrine response to a graded exercise test in 
young normotensive women at high familial risk 
for hypertension before and after a 16-wk of 
HIT, CMT or control intervention, we found that 
HIT reduced resting (after 60 of resting), exer-
cise (immediately after last stage of test) and 
recovery (10 min after end of test) norepineph-
rine levels, but CMT reduced only resting and 
exercise norepinephrine levels [13]. Moreover, 
greater norepinephrine reductions were found 
in the HIT group, which resulted in post-
intervention norepinephrine levels lower than 
that observed in the control group (and similar 

Table 1. Oxygen consumption and exercise tolerance during a graded exercise test before and after 16 
weeks of HIT, CMT or control intervention in young normotensive women at high familial risk for hyper-
tension. 
Variable HIT (N = 11) CMT (N = 11) CON (N = 12) 

  Before After Before After Before After 
VO2AT (mL.kg-1.min-1) 17.3 ± 2.9 19.9 ± 2.9a 17.4 ± 4.0 19.1 ± 3.7a 18.2 ± 3.7 18.2 ± 3.7 

VO2RCP (mL.kg-1.min-1) 24.4 ± 4.4 29.8 ± 5.0a 25.1 ± 4.4 27.3 ± 5.2a 25.1 ± 4.0 25.1 ± 4.0 

VO2MAX (mL.kg-1.min-1) 29.3 ± 3.6 33.9 ± 4.6a 29.9 ± 4.0 32.3 ± 5.6a 29.8 ± 3.5 29.8 ± 3.7 

RER 1.13 ± 0.07 1.12 ± 0.07 1.12 ± 0.08 1.12 ± 0.05 1.12 ± 0.08 1.12 ± 0.08 
TTAT (min) 4.5 ± 1.2 6.7 ± 0.8a 3.8 ± 1.1 5.3 ± 1.3a,b 4.3 ± 1.2 4.1 ± 1.0b 

TTRCP (min) 8.5 ± 1.2 12.5 ± 0.9a 7.7 ± 1.8 10.1 ± 1.9a,b 8.4 ± 1.3 8.3 ± 1.0b,c 

TTMAX (min) 11.3 ± 1.3 15.5 ± 1.6a 10.4 ± 1.8 13.3 ± 1.7a,b 11.0 ± 1.9 11.1 ± 1.3b,c 

HIT, high-intensity interval training group; CMT, continuous moderate-intensity training group; CON, nonexercise control group; TT, 
tolerance time; VO2, oxygen uptake; AT, anaerobic threshold; RCP, respiratory compensation point; MAX, maximal effort. a Different 
from before follow-up at same group (p<0.01). b Different from HIT at same period (p<0.05). c Different from CME at same period 
(p<0.05). (Adapted from [14] Ciolac EG, et al. Heart rate response to exercise and cardiorespiratory fitness of young women at 
high familial risk for hypertension: effects of interval vs continuous training. Eur J Cardiov Prev Rehabil 2011; 18: 824-830. 
©2011 The European Society of Cardiology. Used with permission). 
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to that observed in women without familial risk 
for hypertension). On the other hand, no post-
intervention significant differences were ob-
served between CMT and control group (Figure 
3) [13].  
 
The evaluation of the heart rate response (HR) 
to exercise is also an easy and inexpensive tool 
that provides a wealth of information for the 
interaction of the autonomic nervous system 
and cardiovascular system at various phases of 
rest, exercise and recovery [30]. According to 
this, we also analyzed the HR response to exer-
cise in normotensive women at high familial risk 
for hypertension, before and after a 16-wk HIT, 
CMT and control intervention, and found that 

HIT, but not CMT, was effective for improving 
recovery HR during follow-up (Figure 4) [14]. 
Since the recovery HR is mainly related to an 
increase in vagal tone which occurs immediately 
after exercise cessation [31], this improvement 
in recovery HR observed only after HIT suggests 
a greater exercise-induced improvement in 
parasympathetic reaction of the women follow-
ing HIT than CMT. Moreover, because impaired 
recovery HR response to exercise has been as-
sociated with several pathophysiological abnor-
malities of hypertension [32-34], and is an inde-
pendent risk factor for coronary heart disease, 
cardiovascular disease and cardiovascular mor-
tality [32-35], the greater HIT-induced improve-
ment in recovery heart rate response to exercise 

Figure 2. Blood pressure response to a graded exercise testing before and after 16 weeks of HIT, CMT or control in-
tervention in young normotensive women at high familial risk for hypertension. (A) HIT, high-intensity interval training 
group. (B) CMT, continuous moderate-intensity training group. (C) ConFH+, nonexercise control group at familial risk 
for hypertension. (D) ConFH-, nonexercise control group without familial risk for hypertension. Data are presented as 
mean±standard deviation. # Different from ConFH+ at the same period (P<0.05). Different from after follow-up in the 
same group (¨ P<0.05; ¨¨ P<0.01; ¨¨¨ P<0.001). (Reprinted from [13]  (Ciolac EG, et al. Effects of high-intensity aero-
bic interval training vs. moderate exercise on hemodynamic, metabolic and neuro-humoral abnormalities of young 
normotensive women at high familial risk for hypertension. Hypert Res. 2010; 33: 836-843). ©2010 The Japanese 
Society of Hypertension. Used with permission). 
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Figure 3. Norepinephrine (A), endothelin-1 (B) and NOx (C) response to a graded exercise testing before and after 16 
weeks of HIT, CMT or control intervention in young normotensive women at high familial risk for hypertension. 1, rest-
ing phase (blood sample collected after 60 min of supine resting. 2, exercise phase (blood sample collected immedi-
ately after last stage of exercise). 3, recovery phase (blood sample collected 10 min after last stage of exercise). Data 
are presented as mean±standard deviation. HIT, high-intensity interval training group. CMT, continuous moderate-
intensity training group. ConFH+, nonexercise control group at familial risk for hypertension. ConFH-, nonexercise 
control group without familial risk for hypertension. * Different from HIT, CMT and ConFH+ before follow-up (P<0.05). 
# Different from ConFH+ after follow-up (P<0.05). Different from before follow-up in the same group (¨ P<0.05; ¨¨ 
P<0.01). (Reprinted from reference [13] (Ciolac EG, et al. Effects of high-intensity aerobic interval training vs. moder-
ate exercise on hemodynamic, metabolic and neuro-humoral abnormalities of young normotensive women at high 
familial risk for hypertension. Hypert Res 2010; 33: 836-843). ©2010 The Japanese Society of Hypertension. Used 
with permission). 
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may have important clinical implications. 
 
Effects of HIT on endothelial function 
 
Exercise intensity also appears to affect exer-
cise-induced improvements of endothelial func-
tion in hypertension. For example, HIT was more 
effective than CMT for improving endothelial 
function (9% vs 5% in HIT and CMT, respectively 
– group difference, P<0.001) in metabolic syn-
drome subjects (most of the subjects were hy-
pertensive at baseline) [15]. In this same study, 
nitric oxide (NO) availability was improved after 
HIT (36%) but not CMT, and several factors that 
influence nitric oxide bioavailability (blood glu-
cose, insulin sensitivity and oxidized low-density 
lipoprotein) were normalized after HIT only [15]. 
 
We confirm this greater benefit of HIT for endo-
thelial function with our already cited study with 
normotensive women at high familial risk for 
hypertension [13]. After the experimental proto-
col, the HIT improved resting, exercise and re-
covery levels of plasma nitrite/nitrate (NOx) and 
endothelin-1 during a graded exercise test, but 
CMT improved only exercise and recovery NOx, 

and resting endothelin-1 levels. With these 
greater improvements, HIT but not CMT group 
showed higher NOx and lower endothelin-1 lev-
els than the control group after follow-up (Figure 
3). The reason for the superiority of HIT for im-
proving endothelial function is not fully under-
stood, but it seems reasonable to suggest that 
the low- and high-intensity training exercise pro-
grams affect shear stress in the arterial wall 
differently during exercise training and that this 
may yield differences in molecular responses 
[13, 15].  
 
Arterial stiffness, hypertension and effects of 
HIT 
 
The aging process leads to a progressive in-
crease in arterial stiffness, especially in large 
(central) arteries, which is accelerated by hyper-
tension [36]. Moreover, young healthy subjects 
with familial risk for hypertension have showed 
increased arterial stiffness before any increase 
in BP [13, 27, 37]. This greater increase has 
important clinical implication, because central 
arterial stiffness has shown to be an independ-
ent predictor of cardiovascular and all-cause 
mortality in hypertensive patients [38]. Although 
regular aerobic exercise appears to attenuate 
age-associated arterial stiffness and to reduce 
established arterial stiffness in normotensive 
subjects [39], CMT interventions have failed to 
show any benefit in hypertensive patients [40, 
41]. In the other hand, a study by our group 
showed a reduction in arterial stiffness of hyper-
tensive subjects after 16 weeks of HIT, but not 
CMT [11]. Similar results were found in our 
study with normotensive women at familial risk 
for hypertension, where a significant  arterial 
stiffness reduction was found after 16 weeks of 
HIT, but not CMT [13]. Moreover, this higher HIT-
induced reduction normalized arterial stiffness 
level in this high-risk population (Figure 5) [13].  
 
Since that several mechanisms involved in age-
related arterial stiffness are accelerated in the 
presence of hypertension [42], the above men-
tioned studies suggest that exercise training 
programs of higher intensity (that is, HIT) may 
be more effective in reducing arterial stiffness 
in populations that already have some altera-
tions in this variable. 
 
Conclusion and perspectives 
 
A number of studies within the last few years 
have consistently showed greater health-related 

Figure 4. Recovery heart rate to a graded exercise 
testing (first minute decrease) before and after 16 
weeks of HIT, CMT or control intervention in young 
normotensive women at high familial risk for hyper-
tension. Data are presented as mean±standard de-
viation. HIT, high-intensity interval training group. 
CMT, continuous moderate-intensity training group; 
CON, nonexercise control group; bpm, beats per min-
ute. * Different from before follow-up in the same 
group (P < 0.01). ¨ Different from HIT after follow-up 
(P < 0.05). (Adapted from reference [14] (Ciolac EG, 
et al. Heart rate response to exercise and cardiorespi-
ratory fitness of young women at high familial risk for 
hypertension: effects of interval vs continuous train-
ing. Eur J Cardiov Prev Rehabil 2011; 18: 824-830). 
©2011 The European Society of Cardiology. Used 
with permission). 



Exercise and hypertension  

 
 
108                                                                                                      Am J Cardiovasc Dis 2012;2(2):102-110 

benefits of HIT when compared to traditional 
CMT. Although large multicenter prospective 
studies are needed to advance our conclusions, 
studies by our group and others indicate that 
exercise intensity may have an important role in 
preventing and controlling hypertension, as 

shown by the greater benefits of HIT than CMT 
for reversing key alterations present in the 
physiopathology of this disease in both hyper-
tensive patients and normotensive subjects at 
high familial for hypertension.  
 
On the hand, the optimum dosage of HIT still 
needs to be established. In this context, large 
trials focused in investigating different combina-
tions of exercise intensity and duration, number 
of exercise intervals, relative intensity and dura-
tion of recovery period between exercise inter-
vals, as well as frequency of training are wel-
come. Since a large percentage of population 
fails to meet the minimum exercise guidelines, 
and lack of time is one of most cited barriers for 
not exercising,[16] determination of the best 
relation between exercise quantity (frequency 
and duration) and health benefits may have 
important implications for exercise compliance. 
 
Acknowledgements 
 
Dr. Ciolac was supported by Fundação de 
Amparo à Pesquisa do Estado de São Paulo 
(#FAPESP 2002/6923-9 and #FAPESP 
2004/568-8) and Sociedade de Cardiologia do 
Estado de São Paulo. 
 
Address correspondence to: Dr. Emmanuel G Ciolac, 
Instituto de Ortopedia e Traumatologia do HCFMUSP, 
Laboratório de Estudos do Movimento, Rua Dr. Ovídio 
Pires de Campos, 333, Sao Paulo 05403-010, Brazil 
E-mail: emmanuel.ciolac@hc.fm.usp.br 
 
References 
 
[1] Chobanian AV, Bakris GL, Black HR, Cusnhiman 

WC, Green LA, Izzo JI Jr, Jones DW, Materson 
BJ, Oparil S, Wright JT Jr, Roccella EJ; National 
Heart, Lung, and Blood Institute Joint National 
Committee on Prevention, Detection, Evalua-
tion, and Treatment of High Blood Pressure; 
National High Blood Pressure Education Pro-
gram Coordinating Committee. The Seventh 
Report of the Joint National Committee on Pre-
vention, Detection, Evaluation, and Treatment 
of High Blood Pressure. Hypertension 2003; 
42: 1206-1252.  

[2] Lawes CM, Vander Hoorn S, Rodgers A. Global 
burden of blood pressure-related disease, 
2001. Lancet 2008; 371: 1513-1518. 

[3] Lewington S, Clarke R, Qizilbash N, Peto R, 
Collins R. Age-specific relevance of usual blood 
pressure to vascular mortality: a meta-analysis 
of individual data for one million adults in 61 
prospective studies. Lancet 2002; 360: 1903-
1913. 

Figure 5. Arterial stiffness (pulse wave velocity) be-
fore and after 16 weeks of HIT, CMT or control inter-
vention in (A) long-term treated hypertensive patients 
and (B) young normotensive women at high familial 
risk for hypertension. Data are presented as 
mean±standard deviation. HIT, high-intensity interval 
training group. CMT, continuous moderate-intensity 
training group; CON, nonexercise control group; FH+, 
with familial risk for hypertension; FH-, without famil-
ial risk for hypertension; m/s, meters per second. à 
Different from HIT, CMT and CON FH+ before follow-
up (P < 0.001). ¨ Different from HIT and CON FH- after 
follow-up (P < 0.05). Different from before follow-up 
in the same group (* P < 0.05; ** P < 0.01). 
(Adapted from reference [13] (Ciolac EG, et al. Effects 
of high-intensity aerobic interval training vs. moder-
ate exercise on hemodynamic, metabolic and neuro-
humoral abnormalities of young normotensive 
women at high familial risk for hypertension. Hypert 
Res 2010; 33: 836-843) and [11] (Guimarães GV, et 
al. Effects of continuous versus interval exercise 
training on the blood pressure and arterial stiffness 
in treated hypertensive subjects: a randomized con-
trolled study. Hypert Res 2010; 33: 627-632) ©2010 
The Japanese Society of Hypertension. Used with 
permission) . 



Exercise and hypertension  

 
 
109                                                                                                      Am J Cardiovasc Dis 2012;2(2):102-110 

[4] Haskell WL, Lee IM, Pate RR, Powell KE, Blair 
SN, Franklin BA, Macera CA, Heath GW, Thomp-
son PD, Bauman A. Physical activity and public 
health: Updated recommendation for adults 
from the American College of Sports Medicine 
and the American Heart Association. Circulation 
2007; 116: 1081-1093.  

[5] American College of Sports Medicine. Position 
stand: exercise and hypertension. Med Sci 
Sports Exerc 2004; 36: 533-553. 

[6] Hayashi T, Tsumura K, Suematsu C, Okada K, 
Fujii S, Endo G. Walking to work and the risk for 
hypertension in men: the Osaka Health Survey. 
Ann Intern Med 1999; 131: 21-26. 

[7] Chase NL, Sui X, Lee D, Blair S. The association 
of cardiorespiratory fitness and physical activity 
with incidence of hypertension in men. Am J 
Hypertens 2009; 22: 417-424. 

[8] Ciolac EG, Guimarães GV, D’Ávila VM, 
Bortolotto LA, Doria EL, Bocchi EA. Acute ef-
fects of continuous or interval aerobic exercise 
on 24-h ambulatory blood pressure of long-
term treated hypertensive. Int J Cardiol 2009; 
133: 381-387.  

[9] Ciolac EG, Guimarães GV, D’Ávila VM, Dória E, 
Bocchi EA. Acute aerobic exercise reduces 24-h 
ambulatory blood pressure levels in long-term-
treated hypertensive patients. Clinics 2008; 63: 
753-758. 

[10] Pescatello LS, Kulikowich JM. The aftereffects 
of dynamic exercise on ambulatory blood pres-
sure. Med Sci Sports Exerc 2001; 33: 1855-
1861. 

[11] Guimarães GV, Ciolac EG, Carvalho VO, D’Ávila 
VM, Bortolotto LA, Bocchi EA. Effects of continu-
ous vs. interval exercise training on blood pres-
sure and arterial stiffness in treated hyperten-
sion. Hypert Res 2010; 33: 627-632. 

[12] Cornelissen VA, Fagard RH. Effects of endur-
ance training on blood pressure, blood pres-
sure-regulating mechanisms, and cardiovascu-
lar risk factors. Hypertension 2005; 46: 667-
675. 

[13] Ciolac EG, Bocchi EA, Bortolotto LA, Carvalho 
VO, Greve JMD, Guimarães GV. Effects of high-
intensity aerobic interval training vs. moderate 
exercise on hemodynamic, metabolic and 
neuro-humoral abnormalities of young nor-
motensive women at high familial risk for hy-
pertension. Hypert Res 2010; 33: 836-843. 

[14] Ciolac EG, Bocchi EA, Greve JMD, Guimarães 
GV. Heart rate response to exercise and cardio-
respiratory fitness of young women at high fa-
milial risk for hypertension: effects of interval 
vs continuous training. Eur J Cardiov Prev Reha-
bil 2011; 18: 824-830. 

[15] Tjønna AE, Lee SJ, Rognmo Ø, Stølen TO, Bye A, 
Haram PM, Loennechen JP, Al-Share QY, Skog-
voll E, Slørdahl SA, Kemi OJ, Najjar SM, Wisløff 
U. Aerobic interval training versus continuous 
moderate exercise as a treatment for the meta-
bolic syndrome. A pilot study. Circulation 2008; 

118: 346-354. 
[16] Godin G, Desharnais R, Valois P, Lepage P, 

Jobin J, Bradet R. Differences in perceived bar-
riers to exercise between high and low intend-
ers: observations among different populations. 
Am J Health Promot 1994; 8: 279-285. 

[17] Blair SN, Goodyear NN, Gibbons LW, Cooper 
KH. Physical fitness and incidence of hyperten-
sion in healthy normotensive men and women. 
JAMA 1984; 252: 487-490. 

[18] Barlow CE, LaMonte MJ, FitzGerald SJ, Kampert 
JB, Perrin JL, Blair SN. Cardiorespiratory fitness 
is an independent predictor of hypertension 
incidence among initially normotensive healthy 
women. Am J Epidemiol 2006; 163: 142-150. 

[19] Carnethon MR, Gidding SS, Nehgme R, Sidney 
S, Jacobs DR Jr, Liu K. Cardiorespiratory fitness 
in young adulthood and the development of 
cardiovascular disease risk factors. JAMA 
2003; 290: 3092-3100.  

[20] Myers J, Prakash M, Froelicher V, Do D, Parting-
ton S, Atwood JE. Exercise capacity and mortal-
ity among men referred for exercise testing. N 
Engl J Med 2002; 346: 793-801. 

[21] Keteyian SJ, Brawner CA, Savage PD, Ehrman 
JK, Schairer J, Divine G, Aldred H, Ophaug K, 
Ades PA. Peak aerobic capacity predicts prog-
nosis in patients with coronary heart disease. 
Am. Heart J 2008; 156: 292-300. 

[22] Blair SN, Kohl HW III, Barlow CE, Paffenbarger 
RS Jr, Gibbons LW, Macera CA. Changes in 
physical fitness and all-cause mortality. A pro-
spective study of healthy and unhealthy men. 
JAMA 1995; 273: 1093-1098. 

[23] Kokkinos P, Myers J, Faselis C, Panagiotakos 
DB, Doumas M, Pittaras A, Manolis A, Kokkinos 
JP, Karasik P, Greenberg M, Papademetriou V, 
Fletcher R. Exercise capacity and mortality in 
older men: a 20-year follow-up study. Circula-
tion 2010: 122: 790-797. 

[24] Helgerud J, Hoydal K, Wang E, Karlsen T, Berg 
P, Bjerkaas M, Simonsen T, Helgesen C, Hjorth 
N, Bach R, Hoff J. Aerobic high intensity inter-
vals improve VO2max more than moderate 
training. Med Sci Sports Exerc 2007; 39: 665-
671. 

[25] Rognmo O, Hetland E, Helgerud J, Hoff J, Slor-
dahl SA. High intensity aerobic interval exercise 
is superior to moderate intensity exercise for 
increasing aerobic capacity in patients with 
coronary artery disease. Eur J Cardiovasc Prev 
Rehabil 2004; 11: 216-222.  

[26] Wisloff U, Stoylen A, Loennechen JP, Bruvold M, 
Rognmo O, Haram PM, Tjønna AE, Helgerud J, 
Slørdahl SA, Lee SJ, Videm V, Bye A, Smith GL, 
Najjar SM, Ellingsen O, Skjærpe T. Superior 
cardiovascular effect of aerobic interval training 
versus moderate continuous training in heart 
failure patients: a randomized study. 
Circulation 2007; 115: 3086-3094. 

[27] Ciolac EG, Bocchi EA, Bortolotto LA, Carvalho 
VO, Greve JM, Guimarãs GV. Haemodynamic, 



Exercise and hypertension  

 
 
110                                                                                                      Am J Cardiovasc Dis 2012;2(2):102-110 

metabolic, and neuro-humoral abormalities in 
young normotensive women at high familial risk 
for hypertension. J Hum Hypertens 2010; 24: 
814-822. 

[28] Ciolac EG, Bocchi EA, Greve JMD, Guimarães 
GV. The post-effects of high-intensity aerobic 
interval vs. moderate continuous exercise on 
ambulatory blood pressure of young normoten-
sive women at high familial risk for hyperten-
sion. In: 7th EFSMA European Congress of 
Sports Medicine, 3rd Central European Con-
gress of Physical Medicine and Rehabilitation, 
2011, Salzburg. Book of Abstracts. Düsseldorf: 
German Medical Science GMS Publishing 
House 2011; pp: 114.  

[29] Sharabi Y, Ben-Cnaan R, Hanin A, Martonovitch 
G, Grossman E. The significance of hyperten-
sive response to exercise as a predictor of hy-
pertension and cardiovascular disease. J Hum 
Hyperten 2001; 15: 353-356. 

[30] Jouven X, Empana JP, Schwartz P, Desnos M, 
Courbon D, Ducimetiere P. Heart-rate profile 
during exercise as a predictor of sudden death. 
N Engl J Med 2005; 352: 1951-1958. 

[31] Imai K, Sato H, Hori M, Kusuoka H, Ozaki H, 
Yokoyama H, Takeda H, Inoue M, Kamada T. 
Vagally mediated heart rate recovery after exer-
cise is accelerated in athletes but blunted in 
patients with chronic heart failure. J Am Coll 
Cardiol 1994; 24: 1529-1535. 

[32] Huang PH, Leu HB, Chen JW and Lin SJ. Heart 
rate recovery after exercise and endothelial 
function – two important factors to predict car-
diovascular events. Prev Cardiol 2005; 8: 167-
172. 

[33] Fei DY, Arena R, Arrowood JA and Kraft KA. 
Relationship between arterial stiffness and 
heart rate recovery in apparently healthy 
adults. Vasc Health Risk Managem 2005; 1: 85
-89. 

[34] Carnethon MR, Jacobs Jr DR, Sidney S and Liu 
K. Influence of autonomic nervous system dys-
function on the development of type 2 diabe-
tes: the CARDIA study. Diabetes Care 2003; 26: 
3035-3041. 

[35] Myers J, Tan SY, Abella J, Aleti V and Froelicher 
VF. Comparison of the chronotropic response to 
exercise and heart rate recovery in predicting 
cardiovascular mortality. Eur J Cardiovasc Prev 
Rehabil 2007; 14: 215-221. 

[36] Benetos A, Adamopoulos C, Bureau JM, Tem-
mar M, Labat C, Bean K, Thomas F, Pannier B, 
Asmar R, Zureik M, Safar M, Guize L. Determi-
nants of accelerated progression of arterial 
stiffness in normotensive subjects and in 
treated hypertensive subjects over a 6-Year 
period. Circulation 2002; 105: 1202-1207. 

[37] Kucerová J, Filipovsky J, Staessen JA, Cwynar 
M, Wojciechowska W, Stolarz K, Kuznetsova T, 
Gasowski J, Dolejsová M, Grodzicki T, Kawecka-
Jaszcz K, Fagard R. Arterial characteristics in 
normotensive offspring of parents with or with-
out a history of hypertension. Am J Hypertens 
2006; 19: 264-269. 

[38] Laurent S, Boutouyrie P, Asmar R, Gautier I, 
Laloux B, Guize L, Ducimetiere P, Benetos A. 
Aortic stiffness is an independent predictor of 
all-cause and cardiovascular mortality in hyper-
tensive patients. Hypertension 2001; 37: 1236
-1241. 

[39] Tanaka H, Dinenno FA, Monahan KD, Clevenger 
CM, DeSouza CA, Seals DR. Aging, habitual 
exercise, and dynamic arterial compliance. 
Circulation 2000; 102: 1270-1275. 

[40] Ferrier KE, Waddell TK, Gatzka CD, Cameron 
JD, Dart AM, Kingwell BA. Aerobic exercise 
training does not modify large-artery compli-
ance in isolated systolic hypertension. Hyper-
tension 2001; 38: 222-226. 

[41] Seals DR, Tanaka H, Clevenger CM, Monahan 
KD, Reiling MJ, Hiatt WR, Davy KP, DeSouza CA. 
Blood pressure reductions with exercise and 
sodium restriction in postmenopausal women 
with elevated systolic pressure: role of arterial 
stiffness. J Am Coll Cardiol 2001; 38: 506-513. 

[42] Zieman SJ, Melenovsky V, Kass DA. Mecha-
nism, pathophysiology, and therapy of arterial 
stiffness. Artherioscler Thromb Vasc Biol 2005; 
25: 932-943. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


