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Abstract

Chronic and intense exercise programs lead to cardiac adaptations, followed by increased left ventricular wall thickness and cavity diam-
eter, at times meeting the criteria for left ventricular hypertrophy (LVH), commonly referred to as “athlete’s heart”. Recent studies have
also reported that extremely vigorous exercise practices have been associated with heightened left ventricular trabeculation extent, fulfill-
ing noncompaction cardiomyopathy criteria, as part of exercise-induced structural adaptation. These changes are specific to the exercise
type, intensity, duration, and volume and workload demands imposed on the myocardium. They are considered physiologic adapta-
tions not associated with a negative prognosis. Conversely, hypertrophic cardiac adaptations resulting from chronic elevations in blood
pressure (BP) or chronic volume overload due to valvular regurgitation, lead to compromised cardiac function, increased cardiovascular
events, and even death. In younger athletes, hypertrophic cardiomyopathy (HCM) is the usual cause of non-traumatic, exercise-triggered
sudden cardiac death. Thus, an extended cardiac examination should be performed, to differentiate between HCM and non-pathological
exercise-related LVH or athlete’s heart. The exercise-related cardiac structural and functional adaptations are normal physiologic re-
sponses designed to accommodate the increased workload imposed by exercise. Thus, we propose that such adaptations are defined as
“eutrophic” hypertrophy and that LVH is reserved for pathologic cardiac adaptations. Systolic BP during daily activities may be the
strongest predictor of cardiac adaptations. The metabolic demand of most daily activities is approximately 3–5 metabolic equivalents
(METs) (1 MET = 3.5 mL of O2 kg of body weight per minute). This is similar to the metabolic demand of treadmill exercise at the first
stage of the Bruce protocol. Some evidence supports that an exercise systolic BP response≥150 mmHg at the end of that stage is a strong
predictor of left ventricular hypertrophy, as this BP reflects the hemodynamic burden of most daily physical tasks. Aerobic training of
moderate intensity lowers resting and exercise systolic BP at absolute workloads, leading to a lower hemodynamic burden during daily
activities, and ultimately reducing the stimulus for LVH. This mechanism explains the significant LVH regression addressed by aerobic
exercise intervention clinical studies.
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1. Introduction

Chronic exaggerated increases in the hemodynamic
load, lead to balancing responses and changes in cardiac
myocytes, typically leading to an increase in left ventricu-
lar mass (LVM) and finally in established left ventricular
hypertrophy (LVH) [1]. Specifically, chronically elevated
blood pressure (BP) is likely to result in increased ventricu-
lar wall thickness and left ventricular mass index [(LVMI),
(>95 gr/m2 for females and >115 gr/m2 for males)], and
reduced left ventricular cavity size, a pattern known as con-
centric LVH [2–5]. A more specific definition of concen-
tric LVH is also defined as the ratio of the left ventricular
wall thickness to end-diastolic diameter >0.42, known as
“relative wall thickness” [6]. Contrary, volume overload is
accompanied by eccentric LVH characterized by increased
LVMI, relatively large left ventricular cavity size and nor-
mal relative wall thickness (≤0.42) [7,8]. A third pattern
has also been described, defined by an increase in relative

wall thickness, but not LVMI, known as concentric remod-
eling [8–10]. All cardiac hypertrophy patterns and cardiac
parameters (relative wall thickness and LVMI for both gen-
ders) are presented in Fig. 1.

The presence of LVH, especially the concentric geom-
etry pattern is a strong and independent predictor of cardio-
vascular events and all-cause mortality. The risk of cardiac
events, as well as sudden cardiac death, increases three-
fold in this population [4,11,12]. Conversely, LVH regres-
sion, the outcome of resting BP reduction and hypertension
control achieved by most antihypertensive medications, is
associated with a significant reduction in cardiovascular
events and death [13–16]. The degree of LVH regression
is strongly related to the degree of BP reduction, support-
ing partly the pathophysiologic mechanism of the stimulus
role of pressure overload in the development of concentric
LVH [17–20].

Although the exercise-related favorable health out-
comes have been described extensively [21] the exercise-
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Fig. 1. Classification of all left ventricular hypertrophy patterns, based on calculated relative wall thickness and left ventricular
mass index (LVMI). LVH, left ventricular hypertrophy; LVMI, left ventricular mass index.

related BP management in hypertensive patients with Stage
II hypertension is less known. In addition, the impact of
exercise training on BP response during physical work or
exercise and its association with cardiac structure and func-
tion is also poorly understood [22]. In our previous work
we have provided evidence indicating that exercise BP re-
sponse during relatively low workload of 3–5 metabolic
equivalents (METs; 1 MET = 3.5 mLof oxygen consumed
per kg of body weight per minute) may be a strong indica-
tor of LVH. Furthermore, achieving lower exercise BP at an
absolute and relative workload may lead to LVH regression
[23,24]. In this review, we summarize the findings of se-
lect studies on the association between exercise and cardiac
structural changes and their clinical significance. We also
present evidence on the exercise-BP-LVH interaction, and
LVH regression associated with proper exercise training.

2. The Athlete’s Heart: Historical Point of
View

Temporary sudden or long-standing increases in phys-
ical workload or exercise also pose an increased hemody-
namic demand on the cardiovascular system. Subsequently,
appropriate, acute, and chronic cardiac adaptations occur to
accommodate this increased workload.

In 1975, Morganroth and colleagues [25] described
2 distinctly different cardiac morphological adaptations in
athletes, as the outcome of the specific hemodynamic load
imposed on the ventricles during repeated exercise bouts of
different exercise modes. In general, they reported that left
ventricular end-diastolic and cardiac mass were increased
in athletes engaging in repetitive isotonic contractions such

as running, and normal wall thickness (≤12 mm). Athletes
engaging in isometric or resistance type activities such as
wrestling and shot putting, exhibited normal left ventricular
end-diastolic volume, but increased wall thickness (13–14
mm). These morphological cardiac changes reflect the spe-
cific demand imposed by the cardiovascular system by the
type of exercise. During repetitive and prolonged muscular
contractions of relatively low-to-moderate intensity (aer-
obic exercise training), end-diastolic volume is increased
with each cardiac cycle, a consequence of increased venous
return while afterload decreases due to the exercise-related
vasodilatory response. Prolonged and repetitive exposure
to this volume overload leads mainly to an increase in the
left ventricular (LV) cavity dimension referred to as “ec-
centric” cardiac hypertrophy. In contrast, strenuous resis-
tive exercise (strength training) poses a pressure overload,
the consequence of increased afterload, possibly due to the
arterial compression with each muscular contraction. Pro-
longed exposure to this increased pressure leads to a con-
centric form of hypertrophy, characterized by increased left
ventricular wall thickness with no significant change in cav-
ity size.

Although this hypothesis has been challenged re-
cently, the general concept that cardiac adaptations reflect
the demand imposed the exercise type remains. However, it
should be emphasized that most physical activities combine
a static and an isotonic component. Thus, cardiac adapta-
tions are more diverse and can consist of concentric and
eccentric morphology which can coexist to accommodate
the imposed exercise demands on the cardiovascular sys-
tem [26,27].
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Table 1. Risk stratification based on Left ventricular wall thickness.
Left ventricular wall thickness

≤13 mm for males >13–16 mm for males
>16 mm

≤12 mm for males >12 mm for females
Gender Family history Family history
Race Gender Gender
Exercise type Exercise type Exercise type
Cardiac function Symptoms Symptoms

Cardiac function Cardiac function
Asymmetrical LVH Asymmetrical LVH
Specific echocardiographic findings Specific echocardiographic findings
Specific ECG findings Specific ECG findings
Cardiac Echocardiographic findings Cardiac Magnetic Resonance Imaging
Detraining LVH regression Detraining LVH regression

No further evaluation in most cases Cardiac evaluation in many Cardiac evaluation in all
Left ventricular wall thickness thresholds and need for further cardiac evaluation, based on demographic, clinical and
cardiac imaging criteria. LVH, left ventricular hypertrophy; ECG, electrocardiographic.

Exercise-related cardiac alterations, including hyper-
trophy, dilatation, bradycardia, and arrhythmias coming
from chronic physical activity experienced by athletes have
been reported more than two centuries ago, and continue to
be of interest to physicians and scientists. Early cases of an
enlarged heart (end of 19th century) were reported in Har-
vard University rowers [28], elite Nordic skiers [29], and
Boston Marathon runners [30,31], mostly viewed as useful
modifications in response to exercise [30,31]. The evolu-
tion of the electrocardiogram (ECG) revealed cardiac hy-
pertrophy abnormalities in the electrical activity of the heart
[32–36], while advances in echocardiography and magnetic
resonance imaging have led to a better understanding of
the athlete’s heart. An important study on the long-term
consequences of endurance training in Olympic athletes re-
ported no adverse cardiac events during 8.6 ± 3 years of
intense training [37]. Generally, the predominant concep-
tion is that the cardiac anatomical and functional changes
resulting from long-term, intense, but not unjustified exer-
cises are considered normal adaptations, without unfavor-
able cardiac events of impaired cardiac function [37].

As mentioned, exercise-induced anatomical and func-
tional cardiac changes are specific to the type and inten-
sity of the activity. Accordingly, acute hemodynamic car-
diovascular responses to these two types of exercise differ
markedly. Therefore, long-term exposure to either of them
is likely to lead to specific chronic cardiovascular adap-
tations to accommodate the specific demands imposed on
the cardiovascular system by the exercise type or physical
work.

3. Aerobic Exercises and LVH
Some studies reported that the upper limits of wall

thickness resulting from engaging in aerobic exercise reg-
ularly to be ≤13.0 mm. However, wall thickness ≥13 mm
has been reported in a small number of highly-trained ath-

letes. In a study of 947 Italian elite Olympic athletes ex-
posed to intense exercise training of both isotonic and iso-
metric/resistance exercises, left ventricular wall thickness
exceeded 13 mm in only 15 rowers and 1 cyclist (1.7%)
[38]. Additionally, in 3000 highly trained British athletes,
only 1.5% presented increased left ventricular wall thick-
ness of more than 13 mm, with mild chamber enlargement
[39]. Finally, wall thickness exceeding 13 mm has been re-
ported in a small number of athletes who engage in extreme
exercise programs such as ultra-distance marathon races
and highly trained cyclists [40–43]. Collectively, these
findings suggest that “physiological” limits of exercise-
related left ventricular wall thickness may exceed 13 mm
and go as high as 16 mm in a small number of athletes en-
gaging in activities that require extreme efforts and beyond
the capacity ofmost individuals (Table 1) [26,27,38,44–46].
However, the relatively small number of individuals with
such a cardiac morphology caution against definitive con-
clusions. Finally, cardiac wall thickness >16 mm is con-
sidered pathological (Table 1) [27,46–50].

Female athletes usually have smaller frame, lower
lean body mass, different hormonal profile, and lower peak
exercise systolic BP, stroke volume and VO2, affecting
their cardiac dimensions [51–53]. All the abovemay impact
differently on cardiac structural adaptations resulting from
intense training. In a population of 600 elite female ath-
letes, none had LV wall thickness>12 mm [54]. Similarly,
LV wall thickness was ≤12 mm in all 438 white female
elite athletes [55]. In this isotonic exercise subgroup, eccen-
tric LVH was mainly observed in females with none having
relative wall thickness (RWT) >0.48 or LVM >145 g/m2.
In comparison, males exhibited more frequently concentric
remodeling LVH. Finally, Rawlins et al. [56] studied 200
black female athletes and compared them to matched white
female athletes. Cardiac wall thickness>11 mmwas found
in 3% of black athletes, compared with none of white fe-
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Fig. 2. Cardiac structural changes of select sports that represent aerobic, resistance and the combination of the two exercise types
[27]. LV, left ventricular.

male athletes. None exhibited LV wall thickness >13 mm.
The findings of these studies suggest that cardiac structural
changes in female athletes are mostly characterized by an
increase in chamber size. Thus, the presence of concentric
hypertrophy should be evaluated carefully (Table 1) to rule-
out the presence of hypertrophic cardiomyopathy.

In conclusion, vigorous exercise-related chronic car-
diac adaptations are considered “physiologic” responses to
the specific hemodynamic load imposed to of the particular
sport, exercise, or physical activity. These adaptations are
not associated with diastolic dysfunction, atrial or ventric-
ular complex arrhythmias, or worse prognosis, conditions
observed in hypertension-related LVH [7,8]. Additionally,
there is evidence that exercise-induced LVH regression is
observed after 3 or more months of exercise training dis-
continuation [46,50], further supporting the concept that the
cardiac adaptations are in response to an increased work-
load and not pathological.

4. Resistance Exercises and LVH
Resistance exercises are typically accompanied by

increased ventricular wall thicknesses, asymmetrically to
chamber inner dimensions. Whether the concentric LVH is
induced by resistance training alone is debatable [32]. Most
sports or daily activities contain both aerobic and anaerobic
types of exercises. Therefore, cardiovascular adaptations
are likely to reflect the combined types of the workload of
the sport or activity, leading to mixed cardiac remodeling
patterns. This is supported by the finding of elite heavy-
trained athletes engaging in sports such as cycling, rowing,
and swimming, are a typical example of combined both aer-
obic and resistance exercises. These athletes (Fig. 2) often
present the most excessive increase in all left ventricular
geometry parameters (wall thickness and cavity dimension)

[36]. Finally, it is important to emphasize that an increase
in wall thickness or LV diastolic dimension alone should
not be considered a favorable physiological adaptation. LV
dilatation without concomitant wall hypertrophy will lead
to an undesirable increase in wall tension that is detrimen-
tal to the heart [50]. Such conditions are usually observed
in patients with chronic heart failure.

5. Exercise-Induced LVH and Provocation of
Arrhythmias

There is no consensus as to whether adaptations ob-
served in the cardiac architecture and function in athletes
are considered favorable or at least benign to the cardio-
vascular system or pathological changes favoring increased
risk of arrhythmias. Provocation of exercise-related com-
plex arrhythmias in certain situations [50] and a higher in-
cidence of atrial fibrillation (AF) in middle-aged and older
heavy-trained athletes engaged in chronic high-intensity ex-
ercises, as compared to non-athletes have been reported
[57–63]. This relationship does not appear to be directly
related to the amount of exercise-related physiologic LVH
[49,64]. It is more directly related to intensity as well as the
duration of strenuous exercises [57,58,61,63].

Whether exercise-related atrial arrhythmogenicity and
chaotic ectopy from the pulmonary veins, are the main
cause of atrial arrhythmias, or whether other pathophysio-
logic mechanisms are responsible has not been determined.
A survey of elite cyclists did not document increased atrial
ectopy [65]. Additionally, increased vagal tone is observed
in many endurance athletes [60], leading to bradycardia and
reduced atrial refractory period, major modulators of heart
rhythm, triggering re-entry arrhythmias. It is well-accepted
that the pressure in the pulmonary arteries increases dur-
ing exercise [66]. During intense exercise, higher pressures
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Fig. 3. Proposed pathophysiologic mechanisms of cardiomyopathy and arrhythmias in endurance athletes. LVH, left ventricular
hypertrophy; LV, left ventricular; CK-MB, creatine kinase-myocardial band; BNP, B-Type natriuretic peptide; RA/RV, right atrium/right
ventricle; SCD, sudden cardiac death.

typically notable in athletes, are measured in the right car-
diac chambers, with a continuing decline in right ventric-
ular ejection fraction as the duration of vigorous exercise
increases [67]. In case of long-term intense exercise stress
and without reasonable recovery time, dilatation of the less-
muscular chambers (atria and right ventricle) is observed,
leading to some degree of inflammation, minor injury, and
fibrotic lesions. These events are the usual pathophysio-
logic suspects for electrical instability and cardiac complex
arrhythmias [68]. The presence of an exercise-related ar-
rhythmogenic right ventricular cardiomyopathy has been
the subject of considerable debate in some studies [66,69].
Finally, another study in elite athletes [70] observed no re-
lationship between ventricular ectopy and the magnitude of
exercise induced LVH, indicating the benign nature of ven-
tricular ectopy and the expression of athlete’s heart. Al-
though the proposed pathogenic pathways for the devel-
opment of exercise-related cardiomyopathy, summarized
in Fig. 3 are noteworthy, no established pathophysiologic
mechanism exists to explain any relationship between high
exercise intensity and risk of AF.

Nevertheless, such arrhythmias rarely have been as-
sociated with adverse cardiac events and are usually disap-
peared or to a large degree reduced after reasonably short
periods of deconditioning [49].

We examined the role of cardiorespiratory fitness
(CRF) on new-onset AF in 5962middle-aged and older Vet-
erans. Our findings showed an inverse and graded relation-
ship between CRF and AF risk. The AF incidence was 21%
lower for each 1-MET increase in exercise capacity. Com-

pared with the least fit individuals, the AF-risk was 20%,
45%, and 63% lower for moderately fit, fit, and highly fit
individuals, respectively [71]. Recently we reported com-
parable findings (ACC 2022-Highlights) in a large cohort
of 459,592 hypertensive veterans, showing an independent,
inverse, and graded association between CRF and AF-risk
[72]. Compared with the least fit (4.5 METs) hypertensives
(reference group), the AF-risk was 39% lower for moder-
ately fit (8.3 METs), 48% for fit (10.3 METs), and 55% for
highly fit (13.1 METs). Similar findings were observed in
both, younger and older than 65 years, suggesting that CRF
achieved by moderate or even high-intensity exercise pro-
grams, protects from the risk of new onset AF, regardless
of age.

6. Exercise Training, BP Response and LVH
Regression

Relatively small reductions in BP achieved by anti-
hypertensive therapy (even 5 mmHg), lead to impressive
beneficial effect, including mortality and morbidity risk re-
duction [73,74]. LVH regression comparable to the de-
gree of BP reduction [17–20] is responsible in part for the
health benefits [13–16]. Several well-controlled studies
[22,75–78] have shown significant exercise-related BP re-
duction in both systolic and diastolic BP (4–10 mmHg and
3–8 mmHg respectively), independent of age, gender, and
weight loss. Therefore, it is reasonable to assume that sim-
ilar exercise-related reductions in BP should yield similar
health outcomes, including the effects of exercise-induced
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LVH regression. This assumption is supported by the find-
ings of large and well-designed epidemiologic studies that
have shown a significant, inverse, and graded relationship
between CRF (expressed by exercise capacity), and mor-
tality risk in hypertensive and pre-hypertensive individuals
[21,79–83].

LVH regression resulting from exercise-related BP re-
duction has not been evaluated extensively. However, most
exercise studies in patients with LVH confirm the beneficial
effect of lowering BP by exercise, in this phenotype of tar-
get organ damage [75–78,84,85].

We studied 46 men with resistant hypertension under
multi-drug therapy (57 ± 10 years of age) engaged in 16
weeks of supervised aerobic exercise program (stationary
bicycle), in combination with antihypertensive drugs or an-
tihypertensive drugs alone. After 16 weeks of training, we
noted a reduction in systolic and diastolic BP of 7 mmHg
and 5 mmHg, respectively, whereas diastolic BP in the ref-
erence group increased by 2 mmHg. Additionally, in the
exercise group, LV wall thickness and the LVMI decreased
significantly, in comparison to the reference drugs alone
group [22]. Others performed an exercise training program
for 15.7± 5.8months (3 times per week, aerobic, stationary
bicycle and muscular relaxation), in 17 patients with mild
hypertension, nonresponders to a low sodium diet. Com-
paredwith 15 untrainedmatched patients, there were signif-
icant BP decreases, with additional trend to LVMI decrease
[86]. In another study of 82 overweight individuals were
in (1) supervised aerobic exercise-only group, (2) a behav-
ioral weight loss program, including exercise, and (3) ref-
erence group. After 6 months of follow-up, BP decreased
by 7/6 mmHg for systolic/diastolic BP, respectively, in the
weight management plus exercise group, and by 3/4 mmHg
in the aerobic exercise group. Furthermore, the intervention
groups, compared with the reference group, had additional
benefits in impaired cardiac structure, with a decrease in
LV wall thickness and a trend in LVMI [87]. Significant
benefits in impaired cardiac geometry were also reported
in hypertensive patients after 6 months of aerobic exercise
program [88], and a trend for LVM in middle-aged hy-
pertensive individuals of both genders [89]. Comparably,
another study reported a notable reduction in resting sys-
tolic BP, LV wall thickness, and LVMI (partial regression
of LVH and LV concentric remodeling), in 11 older (65.5
± 1.5 years) hypertensives, participating in approximately
6 months of aerobic exercise program [88]. Lastly, in the
HARVEST study [90], including 454 stage I hypertensives
(18–45 years old), BP dropped with a lower incidence of
developing LVH in exercisers (n = 173), compared to phys-
ically inactive individuals (n = 281), after a follow-up of 8.3
years.

Contrary to these findings, in a study including 23
obese individuals with high-normal BP, no LVM regression
was reported, regardless of the notable reduction in BP [89].
Therewere also no beneficial effects on cardiac geometry or

LV diastolic function, in 51 overweight and obese individ-
uals (BMI: 29.5 ± 4.4 kg/m2) with untreated hypertension
(63.6± 5.7 years), after 6months aerobic exercise program,
compared to usual care (n = 53) [91]. However, the small
number of participants, the different types of exercise, and
the inclusion of subjects without established hypertension
and LVH in the two aforementioned studies [89,91] consti-
tute major limitations and render their results questionable.

It is reasonable to assume that exercise training or
other lifestyle changes (as complementary “interventional
therapy”), will not “repair” what is not damaged. The ex-
ercise groups were engaged in a combination of both mus-
cle strength and aerobic training, with different long-term
cardiac reactions and structural alterations, leading often to
undesirable impaired cardiac geometry and progression to
LVH [38]. Overall, despite the small body of knowledge
and poor quality of data on exercise-related LV structural
adaptations, LVH regression is achieved (mostly in indi-
viduals with LVH), by engaging in an appropriate type of
aerobic exercise training.

7. Exercise Blood Pressure and LVH
The current evidence supports a strong, and direct as-

sociation between the grade of LVH regression and the
level of BP reduction with antihypertensive drugs [17–
20]. A meta-analysis of 4 echocardiographic studies, fol-
lowing 1064 hypertensive individuals for 3–10 years (45–
51 years of age, 59% men), noted only 8% LVH re-
gression with parallel cardiovascular risk reduction [19].
Another meta-analysis including 80 trials, with 3767 pa-
tients in the treatment group and 346 patients in the
placebo group, showed a wide spectrum of LVM reduc-
tion among antihypertensive agents (6%–13%). Specifi-
cally, the greater LVM reduction was induced by renin-
angiotensin-aldosterone-system (RAAS) inhibitors and cal-
cium channel blockers (10%–13%), while a smaller reduc-
tion was seen by beta-blockers (6%) and diuretics (8%)
[92]. The degree of exercise-related LVH regression is
analogous to what has been reported by most antihyper-
tensive drugs [93]. Additionally, the observed exercise-
related reduction in BP was significantly lower (average
7/5 mmHg in our studies and similar in others) [22,75–
78], compared with the overall drug-induced BP reduction
(26.6/16.6 mmHg) [89]. Despite the significant BP dif-
ference, a 12.3% reduction in LVMI has been reported by
exercise studies, which is comparable to the reduction ob-
tained by RAAS blockers (13% with angiotensin receptor
blockers (ARBs) and 10% with angiotensin-converting en-
zyme (ACE)-inhibitors), and clearly greater than that re-
alized by beta-blockers (6%) [92]. The BP reduction in
the drug-related LVH regression studies, was roughly 13%,
representing 1% LVMI regression for every 1% reduction
in BP. In our study [22], supervised aerobic exercise train-
ing by stationary bicycle, reduced systolic BP by 5% and
LVMI by 12.3%, a 2.5% LVMI reduction per 1% reduc-
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tion in BP. In subsequent studies, our findings suggest that
the degree of LVH regression may not be the sole outcome
of the exercise-related reduction in resting BP but also the
lower exercise systolic BP response at absolute workloads.
Specifically, we noted that the systolic exercise BP follow-
ing 16 weeks of aerobic training was 14% systolic BP re-
duction at 3 METs, 15% at 5 METs and 9% at peak ex-
ercise [22,94,95]. Interestingly, the metabolic demand of
most daily activities, is equivalent to 3–5 METs [27,28].
These findings suggest that the hemodynamic load was re-
duced during daily activities. Additionally, the daily hemo-
dynamic load may be an important predictor of LVH re-
gression, stronger than the resting BP. This hypothesis is
supported further by our findings, in 790 prehypertensive
men and women (BP <140/90 mmHg). In this study, the
strongest predictor of LVH was the exercise systolic BP at
approximately 4–5 METs (Stage I of the Bruce protocol),
while the predictive value of resting systolic BP was sub-
stantially lower [23]. Additionally, we observed a signifi-
cant inverse relationship between fitness and LVMI, signif-
icantly lower exercise systolic BP, and lower LVMI in in
subjects with moderate and high exercise capacity. Ambu-
latory daytime BP, and submaximal exercise BP response
at 4–5 METs was also significantly lower in these subjects
[24]. Furthermore, for comparable resting BP levels, we
defined a systolic BP threshold of≥150 mmHg at submax-
imal exercise (4–5 METs), and an ambulatory daytime sys-
tolic BP threshold of >140 mmHg beyond which the risk
for LVH and impaired cardiac structural parameters, dra-
matically increased (2-fold and 2.2-fold for every 5 mmHg
increase in systolic BP respectively). These BP thresholds
were strong predictors of LVH presence with a high sen-
sitivity (88% and 85% respectively) and specificity (74%
and 73% respectively), substantially higher than the 6–53%
sensitivity of any electrocardiographic parameter alone or
in combination [4] (Table 2, Ref. [4,23]). Additionally,
the risk for LVH was reduced by 42% for every 1 MET in-
crease in exercise capacity. Others, in a smaller study in hy-
pertensives (n = 49), observed comparable results, indicat-
ing a strong direct association with exercise SBP response
at a workload of 7 METs, and all structural parameters of
LVH. More specifically, the SBP response at 7 METs was
a stronger predictor than the office BP and 24 h ambulatory
SBP monitoring [24].

Collectively, these findings indicate that aerobic exer-
cise training lowers the exercise systolic BP response dur-
ing submaximal and peak workloads. The clinical signifi-
cance of this is that lower BP during daily activities, leads
to lower hemodynamic loads daily, subsequently reducing
the impetus for LVH development or LVH progression.

8. Vigorous Exercise in Patients with
Hypertension-Related LVH

The chronic adaptations of vigorous exercise in com-
petitive (basketball, soccer, football, etc.) and non-

Table 2. Predictive value of exercise at 5 METs and
ambulatory daytime SBP, for LVH development [4,23].

Sensitivity Specificity

Exercise SBP ≥150 mmHg 88% 74%
Daytime ABP ≥140 mmHg 85% 73%
ECG 6%–53% 89%–100%
Exercise SBP and Daytime ABP at 5 METs provide a better
sensitivity, and comparable specificity for prediction of LVH
development. SBP, systolic blood pressure; ABP, ambulatory
blood pressure; METs, metabolic equivalents; LVH, left ven-
tricular hypertrophy; ECG, electrocardiogram.

competitive athletics (marathon, cycling, weightlifting,
etc.) on cardiac structure and function in hypertensives with
LVH, are of limited knowledge. Possibly high-intensity ex-
ercises impose an exaggerated demand on the cardiovascu-
lar system, prolong further abnormal changes, and there-
fore, are not recommended. Alternatively, all scientific so-
cieties recommend a “prescription” of low-to-moderate in-
tensity aerobic exercise training (brisk military walk) of ap-
proximately 30–45 minutes per day, 5 days per week, as
part of global management [65,96–98]. Such an exercise
program is safe and feasible for a wide range of ages and
hypertensives with co-morbidities [87] and has been shown
to have a protective effect on the major cardiovascular risk
factors [75], including LVH regression [22].

9. Conclusions
Long-term exposure to exercise programs of proper

intensity, duration, and volume increases the hemodynamic
and cardiac workload. To accommodate this increased de-
mand on the myocardium, cardiovascular adaptations that
include increased LV cavity size and LV wall thickness or
both ensue. These adaptations are specific to the cardiac
demand imposed by the exercise type, intensity, and vol-
ume. LV wall thickness observed with prolonged exercises
usually does not exceed 13 mm. However, left ventricu-
lar wall thickness as high as 16 mm has been reported in
some highly trained athletes engaging in extreme exercise
practices such as ultramarathon running or a combination
of vigorous aerobic and isometric/resistance exercise pro-
grams. These adaptations are relatively benign in the ab-
sence of hypertrophic cardiomyopathy (HCM) or other car-
diac malformations. In these athletes, the clinical distinc-
tion between exercise-related “benign” LVH and the pres-
ence of HCM, the main reason for sudden cardiac death in
apparently healthy athletes, may not be easily discernable.
Thus, we strongly recommend that the individuals are ex-
amined by a cardiologist with experience in this sports car-
diology.

Evidence supports that exercise systolic BP response
≥150 mmHg at the workload of 4–5 METs may represent
a threshold for cardiac structural adaptations. Moderate-
intensity aerobic training decreases exercise systolic BP at
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relative and absolute workloads, leading to lower LV work-
loads and a decrease in the impetus for LVH progression.
Current guidelines for optimal exercise-related health ben-
efits advocate ≥150 minutes per week of moderate, inten-
sity aerobic exercise for most middle-aged and older in-
dividuals. The exercise recommendations advocated by
the majority of scientific societies includes a brisk walk
to a slow jog at the exercise intensity of 12–16 minutes
per mile, 4–6 days weekly for 150–200 minutes per week.
It is strongly recommended that such guidelines are fol-
lowed and long-term, high-intensity, and high-volume ex-
ercises without rest periods between exercising days should
be avoided, especially by older, or high-risk populations.

Exercise-related cardiac structural changes that lead
to improved cardiac function are physiological and neces-
sary to meet the increased demand posed by exercise. Thus,
the exercise-related LVHmay be considered as “eutrophic”
LVH and reserve “hypertrophic” cardiac adaptations solely
those imposed by pathophysiologic mechanisms (hyperten-
sion, cardiac injury-fibrosis, HCM) and intrude upon car-
diac function, usually leading to “malignant” LVH, cardiac
dysfunction, complex arrhythmias and even death.
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