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ABSTRACT 
Exercise can be used as an ant ihypertensive prescription for individuals with pre- to stage-1 essential hyper- 

tension, but  the outcomes differ between the sexes and depend on  the mode  of exercise employed.  Both 

aerobic exercise and resistance training lower blood pressure in m e n  and women;  however, resistance train- 

ing lowers diastolic blood pressure to a greater extent  in w o m e n  but  increases arterial stiffness to a greater 

extent  in men.  These studies emphasize the need for further research on  the effect of resistance exercise 

training on  blood pressure and arterial stiffness so that  sex differences in response to exercise t rea tment  

programs are fully taken into account  when  devising individual ant ihypertensive t rea tment  regimens. 

INTRODUCTION 
Cardiovascular disease (CVD) is ubiqui tous  and  is the leading cause of morb id i ty  and  mor ta l i ty  in the 

United States in bo th  sexes. In fact, CVD accounts  for 28% of total  deaths in this country.  1 Essential 

hyper tens ion,  defined as a systolic b lood pressure (SBP) >140 m m  Hg and a diastolic b lood  pressure (DBP) 

>90 m m  Hg, is closely associated wi th  coronary  artery disease, stroke, renal disease, and  all-cause mortal i-  

ty. 2 Left untreated,  chronic  hyper tens ion  increases a person 's  risk for developing CVD and stroke by  3-fold 

and  7-fold, respectively. 2,3 For several decades now, hyper tens ion  has been  a prevalent  fo rm of CVD and 

a growing source of all-cause mortality.  4 

Prehyper tens ion is considered the precursor state for stage-1 essential hyper tens ion  and  is defined as an 

SBP of 120 to 139 m m  Hg or a DBP in the range of 80 to 89 m m  Hg. In a report  f rom the Joint  Nat ional  

Commi t t ee  on  Prevention,  Detection, Evaluation, and  Trea tment  of  High Blood Pressure, 2 prehyper ten-  

sion is also considered a self-accelerating condit ion,  in which  the deve lopmen t  of  arteriolar hype r t rophy  

and endothel ial  dysfunct ion facilitates the t ransi t ion be tween prehyper tens ion  and  essential hyper ten-  

sion. The prevalence rate of hyper tens ion  is increasing in the US populat ion,  but  unfortunately,  the rate 

of diagnosis is no t  keeping pace with  this increase in incidence, and  the m a n a g e m e n t  of this disease re- 

mains  suboptimal .  
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J n elderly populat ions, hypertension is not 
only more prevalent in women than in 

men, it is also more severe and less well 
control led. 

For mos t  of h u m a n  life, sex differences exist in 

blood pressure (BP), in the incidence of hyperten-  

sion, and in associated CVD. Women  have lower 

SBP than  do m e n  through the fifth decade of life. 

As w o m e n  become older, their BP approaches that  

of  age-matched men,  and after the sixth decade 

of life, w o m e n  have higher BP than  do same-aged 

men.  In elderly populat ions (aged >70 years), hy- 

pertension is not  only  more  prevalent  in women,  

it is also more  severe and less well controlled 

than  in men.  s-7 In 2004 in the United States alone, 

39 mill ion of the 72 mill ion people wi th  hyper- 

tension were female; thus, w o m e n  accounted for 

N54% of all hypertension.  Furthermore, hyperten-  

sive w o m e n  have a higher risk of dying f rom this 

disease and  its associated complicat ions than  do 

hypertensive men.  s Of the 54,000 deaths in the 

US popula t ion  at t r ibuted to hyper tens ion,  31,400 

(N58%) were female. CVD mortal i ty  is also higher 

in w o m e n  than  in m e n  in this elderly populat ion.  7 

Furthermore, elevated BP is more  directly linked to 

cardiovascular mortal i ty  in w o m e n  than  in men.  

The age-adjusted relative risk of death  f rom coro- 

nary  artery disease for w o m e n  is twice the risk of 

that  for m e n  for every 2 0 - m m  Hg increase in SBP 

above normal  levels. Given these sex differences in 

BP, the incidence of hypertension,  and the severity 

and  consequences of associated CVD, it is impera- 

tive that  we unders tand the influence of biological 

sex on  t reatments  for hypertension.  

F or every 20-mm Hg increase above nor- 
mal systolic b lood pressure levels, the 

age-adjusted relative risk of death from cor- 
onary artery disease for women is twice the 
risk for men. 

AVAI LABLE TREATMENTS 

Currently, t r ea tmen t  opt ions  for manag ing  and  

reducing high BP include drugs, lifestyle modifica- 

tion, and  psychotherapy.  Pharmacologic  treat- 

m e n t  is widely prescribed by  physicians for treat- 

ing hyper tension;  however,  pharmacologic  inter- 

ven t ion  is the subject of great debate in the 

t r ea tmen t  of individuals identified as prehyper-  

tensive. The p r imary  a im of the Trial of Prevent ing 

Hyper tens ion  (TROPHY) was to de te rmine  wheth-  

er pharmacologic  t r ea tment  wi th  candesartan,  an 

angiotens in  type 1 receptor  antagonist ,  reduced 

the incidence of hyper tens ion  for up  to 2 years 

after the d iscont inuat ion  of t rea tment .  9 In this 

4-year, mult icenter ,  r andomized  study, 809 pre- 

hyper tens ive  subjects (aged 30-6S years wi th  a 

m e a n  age of 49 years), w h o  had  never  been  treated 

wi th  ant ihypertensives,  were randomized  to treat- 

m e n t  wi th  candesar tan  or placebo for 2 years and  

then  followed up  for an addi t ional  2 years after 

t rea tment .  The s tudy found  a 26% reduct ion in 

new onset of hyper tension in the candesartan treat- 

m e n t  group compared  wi th  the placebo group. 

From these findings, the research t eam concluded 

tha t  pharmacologic  t r ea tment  of  p rehyper tens ion  

wi th  candesar tan  prevents  and  pos tpones  (carry- 

over  effect) the deve lopmen t  of hyper tens ion  for 

up  to 2 years after d iscont inuat ion  of t rea tment .  

Debate has ensued over  the conclusions of the 

TROPHY study, because pharmacologic  t r ea tmen t  

of  p rehyper tens ion  would expose >2S mil l ion 

Americans to a myr iad  of potent ia l  heal th  risks 

associated wi th  ant ihyper tens ive  drug t r ea tmen t  

and  have  eno rmous  financial  impac t  on  the pub- 

lic heal th  care system5 ° Moreover, concerns  were 

raised about  the study's test design of the carry- 

over  effect, because the results f rom the carry- 

over  period m a y  have been  confounded  by  pre- 

measures  in the t r ea tmen t  period. Lumley et a111 

concluded tha t  data f rom the TROPHY study 

were consis tent  wi th  a lack of carryover effect of 

candesar tan  on  pos tpon ing  the deve lopmen t  of 

hyper tens ion.  

p harmacologic t reatment of prehyperten-  
sion wou ld  expose mil l ions of Americans 

to the potential health risks associated wi th 
drug treatment and f inancial ly stress the 
publ ic health care system. 
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Grassi 1° no ted  that  the t rend of increasing BP 

wi th  aging was directly related to age-associated 

changes  in lifestyle and  diet choices. In fact, the 

corners tone for t reat ing prehyper tens ion  and  pre- 

ven t ing  the deve lopmen t  of hyper tens ion  has 

been  lifestyle modif icat ion,  of  which  a large part  

is the prescript ion of aerobic exercise. Moderate- 

in tensi ty  aerobic exercise, which  is defined as 

reaching and  sustaining 6S% of peak oxygen con- 

sumpt ion  (VO2peak) for 30 minutes  3 t imes a week, 

is of ten prescribed as a nonpha rmaco log ic  treat- 

m e n t  regimen for high BP, because it has been  

found  to reduce bo th  SBP and DBP in hyper ten-  

sive individuals. 12 In contrast,  modera te- in tens i ty  

resistance exercise, which  is defined as 1 to 3 sets 

at 6S% of an individual 's  10-repetit ion m a x i m u m ,  

is not  typically recommended  as a BP-lowering treat- 

m e n t  strategy and  is suggested on ly  as a comple-  
m e n t  to aerobic-based programs.  13,14 

Increasing age is associated with irreversible dam- 

age to the vasculature as a result of h y p e r t r o p h y  or 

atherosclerosis. These vascular changes are believed 

to d iminish  the long- te rm responsiveness to anti- 
hypertensive drugs. 11,1s Thus, even if we do initiate 

drug t rea tment  at the prehyper tens ive  stage, this 

t r ea tmen t  strategy is unlikely to prevent  the devel- 

o p m e n t  and  progression of hyper tens ion  in later 

years if obesi ty and  sedentary lifestyle choices are 

no t  addressed as well. The somewha t  promis ing  

effect of psycho the rapy  on  reducing hyper ten-  

sion 16,17 is also greatly increased w h e n  combined  

wi th  exercise. 18 

I t is unlikely that pharmacologic treatment 
of prehypertension will prevent the devel- 

opment and progression of hypertension in 
later years if obesity and sedentary lifestyle 
choices have not been addressed. 

EXERCISE AS AN INTERVENTION 
Exercise is a valuable lifestyle modif ica t ion  tha t  

can be used to help  prevent  or control  hyper ten-  

sion. It is well k n o w n  that  poor  cardiorespiratory 

fitness is a strong and  independen t  risk factor 

for CVD and  all-cause mortality.  Studies have  

shown  tha t  physical activity levels posit ively cor- 

relate wi th  cardiorespiratory fitness; increased 

physical  activity leads to improved  cardiorespira- 

tory  fitness and  reduced BP in m a n y  individuals. 19 

A report  by  Green et al 2° suggests tha t  exercise 

m a y  confer  a vascular condi t ion ing  effect tha t  

improves  the vascular wall by  reducing existing 

endothel ia l  dysfunction.  Condi t ion ing  increases 

the bioavailabil i ty of  nitric oxide, a powerful  vaso- 

dilator. Nitric oxide improves  endothel ia l  func- 

t ion and  has ant ia therogenic  effects th rough  its 

ability to reduce platelet  aggregation in the vessel 

wall. The improved  endothel ia l  funct ion  and  anti- 

a therogenic  propert ies are associated with  reduc- 

t ions in cardiovascular risk. 

Exercise is associated wi th  a marked  decrease in 

cardiovascular events  such as myocardia l  infarc- 

tions. In fact, the 30% decrease in cardiac events  

associated wi th  a s tandard aerobic exercise pro- 

g ram (30 minutes  3 t imes per week) rivals the 26% 

to 28% reduct ion in risk associated with  lipid- 

lower ing and  an t ihyper t ens ive  pha rmaco log ic  

t r ea tmen t  regimens.  21 In addi t ion to reducing the 

risk for a cardiovascular event,  a meta-analysis  of  

exercise-based cardiac rehabi l i ta t ion  p rograms  

suggests tha t  aerobic exercise m a y  reduce mortal i-  
ty by  20% to 32%. 22 

T he percent decrease in cardiac events 
associated with a standard aerobic exer- 

cise program has been found to be approxi- 
mately equivalent to the reduction in risk 
associated with lipid-lowering and antihyper- 
tensive pharmacologic treatment regimens. 

The vast major i ty  of  studies invest igat ing the 

effect of exercise on  BP have shown tha t  aerobic 

exercise lowers BE Taylor et a122 observed tha t  

aerobic exercise resulted in an 8-  to 1 7 - m m  Hg 

reduct ion in SBP and a 6-  to 1 3 - m m  Hg reduct ion 

in DBP in individuals wi th  essential hyper tens ion.  

In contrast,  the effect of  resistance exercise train- 

ing has been  underinvest igated;  on ly  a few pub- 

lished studies have examined  the effect of  such 

t raining on  BP. Kelley 23 reported a meta-analysis  

of  9 studies examin ing  the effect of resistance 

exercise t ra ining on  BP in >250 adults. The pro- 
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grams ranged f rom 6 to 26 weeks of t ra ining at an 

average f requency of 3 days per week utiliz- 

ing several muscle  groups. The meta-analys is  

showed that  resistance exercise t ra ining resulted 

in a 4 . 6 - r am Hg reduct ion in resting SBP and a 

3 . 8 - r am Hg reduct ion in DBP; however,  these 

studies were pr imari ly  under taken  in n o r m o t e n -  

sive populat ions.  Thus, the effect of  resistance 

t ra ining on  BP in individuals wi th  hyper tens ion  is 

no t  well unders tood.  

Resistance exercise t ra ining has been  recom- 

m e n d e d  by  the American Heart  Association only  

as a " c o m p l e m e n t "  to an aerobic-based exercise 

p rogram for hyper tensive populat ions.  14 Conse- 

quently, clinicians m a y  be reluctant  to prescribe 

this m o d e  of exercise in a pat ient ' s  t r ea tmen t  regi- 

men .  However, there are m a n y  benefits  of  resis- 

tance t raining tha t  should be considered. In con- 

trast to a typical aerobic exercise routine,  an 

effective resistance exercise p rogram can be com- 

pleted wi th  very little sweating, mak ing  it possible 

to exercise wi thou t  necessarily hav ing  to shower, 

which  m a y  therefore be more  conven ien t  for in- 

dividuals wi th  a busy schedule. In addit ion,  resis- 

tance t ra ining can be accompl ished  even if the 

individual  has physical  impa i rmen t s  that  make  

walking, running,  or cycling difficult or impossi-  

ble. In women ,  resistance t ra ining has the added 

benefi t  of  inhibi t ing osteopenia  and  osteoporosis.  

Al though there are m a n y  advantages  to using 

resistance t ra ining to help  lower BP, one s tudy 

found  tha t  this m o d e  of exercise can lead to in- 

creases in heart  rate and  arterial stiffness, 24 effects 

that  are, at the very least, disconcerting. My research 

group has been  s tudying the effect of  4 weeks of 

modera te- in tens i ty  aerobic (30 minutes  at 6S% 

of VO2peak) and  resistance (3 sets at 6S% of a 10- 

repet i t ion m a x i m u m )  exercise t ra ining 3 t imes per 

week on  h e m o d y n a m i c s  in m e n  and w o m e n  in 

their  late 40s wi th  pre- to stage-1 essential hyper-  

tension (Tab l e  I). 2s We found that  b o t h  aerobic 

and  anaerobic exercise t ra ining lowered resting 

SBP and DBP by  3 to 4 m m  Hg (Tab l e  II).  We 

also observed tha t  aerobic exercise was associated 

wi th  a S-beats-per-minute decrease in resting heart  

rate, whereas resistance exercise was associated 

wi th  a 2-beats-per-minute  increase in resting heart  

rate. 

Table I. Characteristics of participants with [ore- to stage-1 
essential hypertension in a study of arterial stiffness 
and resting hemodynamics following 4 weeks of 
moderate-intensity aerobic or resistance exercise 
training (n 30). Data are presented as mean 
(SE). Reproduced with permission. 25 

Characteristic Aerobic Resistance 

Age, y 49.8 (1.6) 47 (2) 

Height, cm 1 71.2 (2.7) 1 72.5 (2.7) 

Weight, kg 86 (5) 90 (5) 

BMI, weight/height 2 29 (1.8) 30 (1.2) 

Body fat, % 32.9 (2.3) 31.8 (1.7) 

BMI body mass index. 

Table II. Effect of 4 weeks of moderate-intensity aerobic or resistance exercise training on blood pressure and heart rate 
in participants with lore- to stage-1 hypertension (n 30). Data are presented as mean (SE). Reproduced with 
permission. 25 

Aerobic Resistance 

Variable Pre Post Pre Post 

SBP, mm Hg 141.2 (3.4) 136.6 (3.4)* 136.4 (3.4) 132 (3.4)* 
DBP, mm Hg 80 (1.47) 76.9 (1.63)* 78.2 (1.47) 74.1 (1.63)* 
MAP, mm Hg 103.5 (1.8) 100.3 (2)* 100.8 (1.8) 96 (2)* 
HR, blom 72.5 (2.9) 67.5 (2.8)** 67.3 (2.9) 69.3 (2.8)** 

Pre pre-exercise; Post postexercise; SBP systolic blood pressure; DBP diastolic blood pressure; MAP mean arterial pressure; 
HR heart rate; bpm beats per minute. 
*Significant interaction between training modes (P < 0.05). 
%ignificant change between pre- and postexercise groups (P < 0.05). 
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To fur ther  examine  the renal h e m o d y n a m i c  

effects of  aerobic and  resistance exercise, we mea-  

sured pulse wave veloci ty (PWV) and b lood flow 

after 1S minu tes  of  rest in a supine posi t ion before 

and  after the 4-week aerobic and  anaerobic exer- 

cise programs.  2s PWV is the classic evaluat ion of 

arterial distensibility and  is considered a powerful  

predictor  of  cardiovascular risk in hyper tens ive  

patients.  Blood flow is ano the r  valuable marker  of  

cardiovascular risk, and  low b lood  flow is s trongly 

associated with  an  increased risk for cardiovascu- 

lar events. We found a statistically significant 

in teract ion be tween modes  for central (P < 0.001) 

and  peripheral  (P = 0.013) PWV. Resistance exer- 

cise led to 9% increases in central  (carotid to 

femoral) and  peripheral  (femoral to dorsalis pedis) 

PWV, whereas in contrast,  aerobic exercise led to 

10% decreases in bo th  central  ( F i g u r e  1) and  

peripheral  PWV ( F i g u r e  2). Al though the subjects 

for this s tudy were unmedica ted  pre- to stage-1 

pat ients  wi th  essential hyper tens ion,  we have also 

observed a similar acute increase in central  PWV 

wi th  young  normotens ive  subjects after modera te-  

in tensi ty  resistance training. 26 These data suggest 

tha t  anaerobic exercise m a y  increase arterial stiff- 

ness, whereas aerobic exercise m a y  reduce it. Our 

findings also suggest tha t  arterial remodel ing  m a y  

no t  be the m e c h a n i s m  by  which  the pulse wave 

transit  t ime is decreased after resistance exercise, 

because distensibili ty decreased after acute resis- 

tance t raining and  re turned to preexercise levels in 

N60 minutes.  

We also analyzed baroreflex sensitivity wi th  

data ob ta ined  f rom the finger arterial pressure 

wavefo rm using the linear spontaneous  sequence 

technique,  which  involves de te rmina t ion  of the 

t ime be tween 2 consecutive R waves of the electro- 

cardiogram (R-R intervals) and  beat- to-beat  sys- 

tolic arterial pressure measurements .  Whereas  

baroreflex sensitivity was reduced by  10% after 

resistance exercise, aerobic exercise had  the oppo-  

site effect and  increased baroreflex sensitivity. 27 

Reactive hyperemia  is a t ransient  increase in 

organ b lood  flow tha t  occurs after a period of tis- 

sue ischemia and  is a measure  of resistance artery 

endothel ia l  function.  We measured reactive hyper-  

emia  noninvas ive ly  wi th  a mercury- in  silastic 

strain gauge, which  determines  forearm blood 

flow after the release of  a S-minute  b lood flow 
occlusion f rom an upper -a rm cuff .  25 We found 
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Figure 1. Mean (SE) central (carotid to femoral arteries) 
pulse wave velocity (PWV) measured pre- 
and postexercise in aerobic or resistance train- 
ing groups (n 30). *Significant interaction 
for central PWV (P < 0.001 ). Reproduced with 
permission. 25 
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Figure 2. Mean (SE) peripheral (femoral to dorsalis pedis 
arteries) pulse wave velocity (PWV) measured 
[ore- and postexercise in aerobic or resis- 
tance training groups (n 30). *Significant 
interaction for peripheral PWV (P 0.013). 
Reproduced with permission. 25 
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that  resistance training increased forearm blood 

flow in response to reactive hyperemia to a greater 

extent than  did aerobic exercise, suggesting that  

resistance exercise may  increase the vasodilatory 

capacity of arterial vessels (F igure  3). 

Based on  these findings, we concluded that  the 

aerobic and anaerobic t ra ining- induced changes 

in arterial stiffness, as indicated by changes in 

PWV, were unrelated to changes in BP or vessel 

vasodilatory capacity. Furthermore, we concluded 

that  body  mass had no influence on  the BP de- 

creases observed in this study, because the mean  

body  mass index was not  affected by either train- 

ing regimen and did not  significantly differ be- 

tween the 2 t reatment  groups. 28 

R ~esistance t ra in ing  increased fo rearm 
~blood f l ow in response to react ive hyper- 

emia to a greater ex ten t  than did aerobic  
exercise, suggest ing that resistance exercise 
may increase the vasodi la tory  capaci ty of  
arterial vessels. 

SEX DIFFERENCES IN THE EFFECTS OF 
AEROBIC AND ANAEROBIC EXERCISE ON 

HEMODYNAMICS 
W h e n  our research group compared the effects of 

exercise training in hypertensive men  and women,  

we found sex differences in resting hemodynamic  

changes and vascular distensibility. 29 We studied 

the effects of 4 weeks of aerobic and resistance 

exercise training in 21 men  and 13 women.  

Whereas bo th  aerobic and resistance training were 

associated with decreased resting SBP and DBP in 

bo th  sexes, w o m e n  exhibited greater decreases in 

resting DBP after resistance exercise training than  

did men. We also noted a sex difference in the 

PWV response to resistance training: whereas men  

exhibited a 17% decrease in central PWV, resis- 

tance exercise training had no effect on  PWV in 

wolnen. 

To our knowledge, ours is the first study to 

directly compare the hemodynamic  effects of aer- 

obic and resistance exercise training in men  and 

w o m e n  in unmedicated  prehypertensive individu- 

als. These data suggest that  a l though both  men  
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Figure3. Reactive hy[oeremia blood flow measured 
[ore- and [oostexercise in aerobic or resistance 
training groups (n 30). *Significant interaction 
for blood flow (AUC) in response to arterial 
occlusion (P < 0.05). AUC area under the 
curve. Reproduced with permission. 25 

and w o m e n  may benefit from the BP-lowering 

effects of resistance training, hypertensive w o m e n  

have an added advantage compared with hyper- 

tensive men, in that  resistance exercise does not  

increase arterial stiffness in w o m e n  to the same 

extent that  has been shown in men. Thus, resis- 

tance exercise training may  be a useful t reatment  

regimen for prehypertensive women,  not  only  

because it lowers BP, but  also because it inhibits 

the deve lopment  of osteoporosis in women.  

Furthermore, resistance training may  be of addi- 

tional value in treating hypertensive w o m e n  in 

light of a meta-analysis of the effects of antihyper- 

tensive drugs on BP, which showed that  com- 

m o n l y  used antihypertensive drugs are less benefi- 

cial in lowering BP in w o m e n  than in men. 3° 

FUTURE STUDIES 

It will be important in future studies to determine 

A l though both men and w o m e n  may bene-  
f i t  f rom its b lood  p r e s s u r e - l o w e r i n g  

effects, resistance exercise t ra in ing does not  
increase arterial st i f fness in w o m e n  to the 
same ex ten t  as in men. 
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the mechanisms underlying male and female differ- 

ences in the effects of aerobic and resistance exercise 

training on BP and arterial stiffness. In this regard, it 

will be worthwhile to investigate the role of the 

renin-angiotensin-aldosterone system (RAAS) in 

these sex differences, because the RAAS plays a criti- 

cal role in the control of BP and the microcircula- 
tion. Angiotensin II, the key player of the RAAS, has 

been found to attenuate baroreflex control both  of 
heart rate and sympathetic activity. 31 Neurohumoral  

systems modulate the RAAS, which in turn can regu- 

late BP by modulating sympathetic tone. 32 

Leptin, produced by adipose tissue, is ano ther  

molecule that  may  play an impor tan t  role in sex 

differences in the effects of exercise on  hemody-  

namics. This h o r m o n e  exerts a myriad of effects in 

m a n y  tissues that  could influence cardiovascular 

function,  for example, by  increasing platelet aggre- 

gation and thrombosis.  Hyperlept inemia is an 

independen t  risk factor for coronary  artery disease 

W hen r e c o m m e n d i n g  ant ihyper tens ive  
t rea tment  regimens, sex d i f fe rences in 

response to exercise t rea tment  programs 
must be cons idered.  

and a strong predictor of myocardial  infarction. 33 

Moreover, studies suggest that  leptin can directly 

elevate BP, because its overexpression has been 
found  to augment  sympathoexci tat ion.  33,34 

In conclusion, the effect of resistance exercise 

training on  arterial stiffness and BP should be fur- 

ther  investigated in bo th  men  and women  so that  

sex differences in response to exercise t rea tment  

programs are fully taken into account  when  devis- 

ing individual ant ihypertensive t rea tment  regi- 

mens. Furthermore, research should focus on  a 

translational approach to investigating how exer- 

cise at tenuates the activity of vasoconstrictive 

agents and improves the microcirculat ion in 

hypertensive individuals. Animal model ing will 

reveal the specific mechanisms responsible for 

exercise modula t ion  of vascular properties while 

clinical studies will elucidate how the cardiovascu- 

lar system is modula ted  by exercise training. 
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