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Abstract: Exercise is a major challenge for cardiovascular apparatus since it recruits chronotropic,
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inotropic, pre-load, and afterload reserves. Regular physical training induces several physiological
adaptations leading to an increase in both cardiac volume and mass. It appears that several gender-
related physiological and morphological differences exist in the cardiovascular adjustments and ad-
aptations to dynamic exercise in humans. In this respect, gender may be important in determining
these adjustments and adaptations to dynamic exercise due to genetic, endocrine, and body compo-
sition differences between sexes. Females seem to have a reduced vasoconstriction and a lower

vascular resistance in comparison to males, especially after exercise. Significant differences exist
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also in the cardiovascular adaptations to physical training, with trained women showing smaller

cardiac volume and wall thickness compared with male athletes. In this review, we summarize

these differences.
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1. INTRODUCTION

There are several genetic, anatomical, and hormone dif-
ferences between males and females. Moreover, the effects
of sex hormones vary during menstrual cycle and after
menopause. These sex-related differences can impact the
cardiovascular functions, thus they should be considered
when conducting research in this field and when selecting
optimum diagnostic and therapeutics procedures [1-9].

In this review, we summarize the main gender-related
differences in the hemodynamic adjustments and adaptations
to dynamic exercise with large muscle mass, such as run-
ning, cycling, and rowing. We will first provide a brief gen-
eral view of changes which acutely occur in the cardiovascu-
lar system during dynamic exercise involving large muscle
mass (i.e. the cardiovascular adjustments to dynamic exer-
cise) and to the chronic adaptations induced by regular
physical training.

2. THE CARDIOVASCULAR ADJUSTMENTS AND
ADAPTATIONS TO EXERCISE: A GENERAL BRIEF
VIEW

It is well known that there is a close relationship between
the energetic demand of exercising muscles and circulation.
During dynamic efforts involving large muscle mass, such as
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cycling, rowing, swimming, and running, the cardiovascular
system is finely adjusted so that cardiac output (CO) rises
linearly as a function of O, uptake (VO,). At least in healthy
humans, a constant linear relationship between the increase
in VO, and CO exists. It has been found that about 6 liters of
CO is required for every liter of VO, increment above rest,
regardless of age and fitness level of the subject [10-15].

According to the Fick principle, CO can be expressed as
CO=VO, / arterio-venous oxygen difference (a-vO,D). In-
asmuch as CO can be expressed also as CO= stroke volume
(SV) ¢ heart rate (HR), it is possible to re-write the equation
as: SV.HR=VO,/a-vO,D.

a-vO,D has been found to increase almost linearly and in a
predictable way with respect to workload, with the slope of
this relationship depending on arterial O, content (CaO,)
[11-14]. CaO,, in turn, depends on the oxygen carried by
hemoglobin, according to the following formula: CaO, = Hb
* 1.34 « HbO,Sat [11],

where Hb is hemoglobin concentration in the blood (meas-
ured in g/dl) and HbO,Sat is the percentage of Hb being
saturated with O,. For an Hb concentration of 15g and a
HbO,Sat of 99%, the CaO, is equal to 19.8 ml for every 100
ml of blood. A further little quantity of O, (about 0.3 ml for
every 100 ml of blood) is physically dissolved in plasma
[16]. This little amount sums to the amount of O, carried by
hemoglobin. As a result, for an individual with an Hb con-
centration of 15g and a HbO,Sat of 99%, the total CaO, is
20.1 m1/100 ml.
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Hence, the capacity of the cardiovascular system to sup-
ply the working muscle with O, depends on four factors: 1)
possibility to increase CO, which in turn depends on HR and
SV reserves; 2) quantity of Hb in the blood; 3) quantity of
Hb saturated with O,; and finally 4) amount of O, extracted
from blood by the muscle, also termed O, extraction; this
quantity in turn depends on the driving force for the O,, i.e.
the force that allows the oxygen to be carried from the blood
to the muscle mitochondria [17, 18].

With aging, maximal CO during exercise progressively
declines because of a reduction in maximum HR and SV,
and this reduction explains a significant portion of the age-
related decline in maximum oxygen uptake (VOjmax). The
age-related CO reduction does not seem to be influenced by
gender [19, 20], although it has been suggested that men
have a significantly greater reduction in maximum CO than
women [21], but this finding has never been confirmed.

It should be also considered that the cardiovascular regu-
lation during effort has many facets and that to deliver oxy-
gen to working muscles is not the only task that cardiovascu-
lar controlling mechanisms have to deal with during dynamic
exercise. Another challenge is to avoid blood pressure drops
due to metabolic-induced arteriolar vasodilation in the work-
ing muscle, which markedly reduces systemic vascular resis-
tance (SVR). This phenomenon would cause a decrease in
blood pressure and would impair perfusion of organs, such
as the brain, if control mechanisms did not contemporary
augment CO. However, this is almost never the case, as
healthy subjects usually exercise without any symptom of
blood pressure fall. Indeed, in healthy subjects CO rises, due
to an increase in HR and SV, and counteracts the reduction
in SVR via a flow-increment mechanism. As a matter of fact,
dynamic exercise is characterized by an increase in mean
arterial pressure (MAP) notwithstanding the marked SVR
reduction due to the metabolic-induced vasodilation [14, 22].

A few neural cardiovascular control mechanisms are re-
sponsible for the fine hemodynamic regulation that guaran-
tees blood supply to exercising muscle and avoids excessive
MAP changes, namely 1) central command, 2) exercise
pressor reflex, and 3) arterial baroreflex [23-25]. The cen-
tral command arises from regions of the brain responsible
for motor unit recruitment. This mechanism sets a basic level
of sympathetic activation and vagal withdrawal closely re-
lated to motor drive from the motor cortex. Exercise pressor
reflex works on the basis of peripheral signals arising from
mechano- and metabo- receptors within the muscle (type 111
and IV nerve endings). This mechanism adjusts blood pres-
sure, HR, cardiac pre-load, myocardial performance, and
SVR by reflexively modulating sympathetic and parasympa-
thetic tone to heart and vessels on the basis of the mechani-
cal and metabolic status of the working muscle [23, 26-28].
The result of the activation of central command and exercise
pressor reflex is that sympathetic activity raises while the
parasympathetic one decreases as a function of exercise in-
tensity. The autonomic response arising from the central
command and the exercise pressor reflex is in turn modu-
lated by the arterial baroreflex, which opposes any mis-
match between SVR and CO by controlling muscle vasodila-
tion and cardiac chronotropism [24, 28-31].

Bassareo and Crisafulli

In summary, a precise regulation of chronotropism,
inotropism, pre-load, and after-load is necessary in order to
reach the target cardiovascular activity during exercise. In
short, the cardiovascular system must be finely adjusted to
provide nutrients and O, to the muscle, to guarantee meta-
bolic washout, and to maintain the target blood pressure.

As far as cardiovascular adaptations are concerned, it is
well ascertained that regular physical training enhances the
heart’s capacity to pump blood in circulation. Training in-
duces cardiac hypertrophy and increases cardiac chamber
size. A 15-20% greater left ventricular wall thickness
(LVWT) and 10% greater left ventricular cavity size (LVCS)
are reported in athletes as compared to sedentary people.
These adaptations lead to an increase in left ventricular mass
(LVM). Moreover, diastolic ventricular filling is enhanced,
with a disproportionate increase in pulmonary arterial pres-
sures during exercise. This causes greater afterload on the
right ventricle and may render endurance athletes more vul-
nerable to ventricular arrhythmias due to right ventricular
dysfunction. Overall, the result is that SV is larger in athletes
than sedentary people. In short, physical training improves
the SV reserve.

Finally, a well recognised feature of the athlete’s heart is
the reduction in HR at rest and at a given workload with re-
spect to sedentary subjects. Thus, the HR reserve is also en-
hanced [32-35].

3. SEARCH STRATEGY

Potential studies were identified by two unbiased review-
ers using PubMed and Scopus databases. Search terms used
were “gender” and “sex” and “cardiovascular regulation”,
“cardiovascular adjustments”, “cardiovascular adaptations”,
“exercise pressor response”, “blood pressure”, “central
command”, “metaboreflex”, “mechanoreflex”, “baroreflex”,
and “exercise” respectively. The language was English. Only
studies involving healthy humans were taken into account.
Animal studies and investigations involving humans with
cardiovascular, metabolic, and neurological diseases were
excluded [36]. Reference lists of articles retrieved were

manually checked for additional articles.

4. GENDER-RELATED DIFFERENCE IN THE MAIN
HEMODYNAMIC PARAMETERS DURING AND AF-
TER DYNAMIC EXERCISE

Female sexual hormones exert a relaxing effect on pe-
ripheral resistance vessels [1, 37]. Furthermore, young
women show lower resting muscle sympathetic activity in
support to blood pressure than men [38, 39], whilst meno-
pause is accompanied by an accelerated rise in sympathetic
activity [9]. Yet, young women have a reduced sympathetic
activity and arterial vasoconstriction during orthostatic stress
[40-42]. This can explain the reason why blood pressure
level at rest has often been found lower in women than in
men at similar ages. Moreover, women tend to have higher
CO and lower SVR at rest, thereby minimizing blood vessel
injury. Thus, men are considered to be at greater risk for
cardiovascular and renal disease than age-matched, pre-
menopausal women.
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However, it is to be highlighted that a direct scientific
evidence regarding a link between endogenous sex hormones
and blood pressure levels is still lacking, being sex-related
differences in blood pressure probably multifaceted and
multi-factorial. Indeed, in women, after menopause hormone
replacement therapy in most cases does not significantly
reduce blood pressure, thereby suggesting that the drop in
estrogen levels may not be the only cause responsible for the
higher blood pressure in post-menopausal women [43]. Fur-
thermore, estrogen therapy does not seem to attenuate pro-
gressive stiffening in postmenopausal women [44].

As far as sex-related difference in blood pressure re-
sponse during physical exercise is concerned, the scientific
literature is scarce. It has been found that males have higher
systolic blood pressure during exercise than females [45].
This is probably due to females’ blunted sympathetic re-
sponse and higher vasodilatory state of women in compari-
son with men [46]. However, potentially confounding fac-
tors, such as phase of menstrual cycle, exercise model,
length of exercise session, as well as environmental condi-
tions, may be involved in this phenomenon [47]. It should be
considered that, in a more recent study, gender-related dif-
ferences in systolic blood pressure during exercise disap-
peared when adjusting for body mass index (BMI), exercise
duration, and resting systolic blood pressure [48]. Moreover,
some studies conducted during exercise reported no differ-
ence in terms of SVR level between genders [21, 41]. Thus,
the concept that females have a reduced capacity to vasocon-
strict the circulation during exercise is not unanimously ac-
cepted and deserves further investigation.

A further potential gender-related hemodynamic differ-
ence is the lower maximum level of SV reached during dy-
namic exercise by women in comparison with men. It has
been proposed that this difference is mainly due to females’
smaller cardiac size; particularly the left ventricular volume
and mass. This lower SV in turn explains the women’s lower
maximum CO, since maximum HR is not different between
genders [49-51] as maximum HR achieved during exercise
depends mainly on the age than on the gender of a subject
[21, 51, 52]. Hence, the smaller cardiac size due to smaller
body may be responsible for the reduced SV and CO often
reported in females. It is to be noticed that the smaller body
size of women may not entirely account for their lower SV,
as stroke index (SI, i.e. SV normalized by body surface area)
has also been demonstrated to be lower in females with re-
spect to males [21], even though this difference is obviously
less evident when this parameter is normalized for body sur-
face area. However, this difference has not been unani-
mously reported and others did not find any difference in SI
regardless of the sex [20]. Moreover, sex-related differences
in SV tend to disappear when SV is normalized for lean
body mass. This suggests that the different body composition
between genders, with women having a higher percentage of
body fat, may account for the small - if any - reduction in SV
found in females with respect to males [19].

Previous studies have demonstrated that in normal sub-
jects SV increases during dynamic exercise because of the
left ventricle end-diastolic volume increment (due to increase
in pre-load) and the left ventricle end-systolic volume reduc-
tion (due to improved inotropism), which concur in increas-
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ing ejection fraction (EF) [53-55]. It has been suggested that
women have a blunted increase in EF in comparison with
men [54, 56, 57]. On the other hand, in contrast to these find-
ings, during various intensities of exercise expressed as a
percentage of VOypny Sullivan and co-workers have reported
no gender-related difference in the magnitude of changes of
left ventricular end-diastolic and end-systolic volumes [52].
These conflicting results pose the question of whether fe-
males’ capacity to enhance myocardial contractility and EF
is reduced in comparison with males. To the best of our
knowledge, no conclusive answer to this question has been
provided to date.

Another interesting phenomenon occurring during dy-
namic exercise is the possibility to increase SV throughout
exercise. In elite male athletes, it has been reported that SV
does not plateau during incremental exercise till exhaustion.
Rather, it increases progressively to maximum workload
without flattening out. This is in sharp contrast with what
usually observed in sedentary and moderately fit subjects of
both genders, where a SV plateau has usually reported at
submaximal workloads [13, 15, 58-60]. The possibility that
this phenomenon is present also in elite, female athletes is
contentious. A recent study by Wang and co-workers [61]
reported that even in highly trained females SV does not
plateau during incremental exercise. However, it should be
highlighted that, to the best of our knowledge, the study by
Wang et al. is to date the only one focusing on this topic.
Hence, further research is warranted to better clarify the real
capacity of highly trained females to increase SV throughout
incremental exercise.

Another gender-related difference in the hemodynamic
adjustment to exercise is the lower a-vO,D of women as
compared to men. The a-vO,D depends on CaO, [11-15],
which in turn results from the oxygen carried by hemoglo-
bin. Since on average women have lower hemoglobin con-
centration and relatively less blood volume than men,
women also have a lower O, supply for the same quantity of
blood flow than men [62]. This can explain why women
show a reduced maximum a-vO,D [21]. Notwithstanding the
lower a-vO,D, women do not appear to have different slope
of the VO,/CO relationship during submaximal exercise as
compared to men [12, 52]. This suggests that cardiovascular
control during exercise is similar between genders.

In the light of the fact that women have a lower maxi-
mum CO, and also considering that CO is a major determi-
nant of systemic O, transport in humans, it is not surprising
that women usually show lower values of VOjn,, in com-
parison with age and fitness-matched men [19, 20, 47, 50,
63]. This sex-related difference remains significant even
when VO, is expressed in relation to body mass, although
sex-related differences tend to disappear when this parameter
is normalized for fat-free body mass [12, 20].

Regarding hemodynamics during recovery from dynamic
exercise, women have often been reported to exhibit a re-
duced capacity to vasoconstrict the arteriolar bed as com-
pared to men. It has been in fact demonstrated that the de-
crease in blood pressure during recovery after dynamic effort
is greater in females than in males. This difference was at-
tributed to a greater decrease in SV and a lower raise in SVR
in women during recovery, which usually persisted for 5
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minutes after the end of exercise [41]. It appears that women
have greater reduction in CO without an adequate arteriolar
constriction (i.e. SVR increment) during recovery. This is
true especially when recovery is performed inactive [41].
The lower SVR level (i.e. a reduced afterload) of women
after exercise has at least two possible explanations: a) fe-
male sex hormones, which exert a relaxing effect on periph-
eral resistance vessels, influence vaso-reactivity, and may
induce post-exercise vasodilation [64-66]; and b), greater
parasympathetic activity towards the heart as well as less
sympathetic input to vascular regulation in women than in
men [67-70]. This can also explain the higher occurrence of
post-exercise hypotension in women [40, 42]. The observa-
tion that the capacity to vasoconstrict the arteriolar bed and
to counteract hypotension is less in females compared with
males has the implication for adequately monitoring of blood
pressure after exercise in women. Moreover, active recovery
from exercise should reduce the risk of post-exercise hy-
potension and fainting by activating muscle pump [71, 72].
However, recent findings reported that cardiovascular re-
sponses after an ultra-marathon were similar between the
two sexes. The authors suggested that the training status
rather than sex was the most important factor associated with
signs of cardiovascular impairment after effort [73].

In summary, although conflicting results are reported by
the scientific literature, differences between sexes in the
hemodynamic adjustments during and after dynamic exercise
tend to disappear when parameters are normalized by body
mass and/or composition and when the training status is
taken into consideration. Thus, normalized parameters
should be used instead of absolute values. The only parame-
ter which is unanimously considered lower in females is a-
vO,D ought to the lower hemoglobin concentration of
women in comparison with men. Table 1 shows the main
differences in hemodynamic parameters and their sex-related
differences at peak dynamic exercise.

Table1. List of the main cardiovascular parameters and
their sex-related difference at peak dynamic exer-

cise.

Parameter Sex-related Differences

Heart Rate No-difference between sexes

Stroke Volume Usually higher in men

Stroke Index Slightly higher in men or similar

between sexes

Stroke Volume normalized by No-difference between sexes

lean body mass

Cardiac Output Usually higher in men

Cardiac Index Slightly higher in men or similar

between sexes

Ejection Fraction Slightly higher in men or similar

between sexes

Arterio-venous oxygen difference Usually higher in men

Systemic Vascular Resistance Usually lower in women

Bassareo and Crisafulli

5. GENDER-RELATED DIFFERENCES IN CENTRAL
COMMAND, EXERCISE PRESSURE REFLEX, AND
BAROREFLEX

Very few studies have dealt with gender-related differ-
ences in the three main neural reflexes which adjust the car-
diovascular system during exercise. To the best of our
knowledge, there is only one study addressing the potential
differences between males and females in central command
activation [74]. In this research conducted during static
handgrip, authors found sex-related different patterns of ac-
tivation in insular gyral responses. This part of the brain is
involved in autonomic control and cardiovascular regulation
during exercise. Authors found different lateralization be-
tween sexes. In detail, the anterior-most gyri had a promi-
nent sex difference, with females showing a greater right-
sided activation, while males exhibited a greater left-sided
activation. They concluded that these sex-specific functional
brain patterns may contribute over time to variations in car-
diovascular disease between the two sexes. However, this
investigation has never been replied. Moreover, static is
quite different from dynamic exercise. Thus, further studies
in this area are warranted. In particular, given the importance
of central command in the sympathetic activation during
exercise [23], it would be useful to investigate on central
command during dynamic efforts with large muscle mass,
such as running or cycling, to ascertain the role of this reflex
in the supposed blunted sympathetic response of women
[46].

The influence of gender on exercise pressor reflex was
addressed in a number of studies [75-79]. From these inves-
tigations it can be gleaned that the metabolic part of the ex-
ercise pressor reflex (i.e. the metaboreflex) is attenuated in
women as compared to men, thus resulting in reduced in-
crease in blood pressure, sympathetic nerve activity, and
central venous pressure [75, 76]. This effect appears inde-
pendent of muscle mass, workload, and level of training
[75]. Moreover, the administration of oral contraceptives
was found to attenuate sex-related differences in the meta-
boreflex [77, 78]. Similarly, the mechanic arm of the exer-
cise pressor reflex (i.e. the mechanoreflex) appears to be
attenuated in women more than in men [79].

As far as baroreflex is concerned, several human studies
have reported that resting cardiac baroreflex sensitivity is
reduced in females in comparison with males, whereas oth-
ers did not discover any difference [40, 80-84]. In particular,
some authors suggested that young women have greater de-
pressor responses to simulated carotid hypertension than
aged-matched men [38, 39]. However, conclusive proof is
still lacking and further research is strongly needed to better
elucidate this point.

Baroreflex resetting during exercise does not appear to be
influenced by sex or by physiological fluctuation in ovarian
hormones [84, 85], although some investigations reported
that women have greater baroreflex-mediated control upon
HR in response to hypertension during exercise. This effect
was present throughout the menstrual cycle and it appeared
to be mediated by a shift of the operating point of the ca-
rotid-cardiac function curve, which was located away from
the centering point towards the threshold of the full barore-
flex function curve [86, 87]. More recently it was found that,
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Fig. (1). Putative mechanisms explaining the lower sympathetic activity in females in comparison with males during dynamic exercise. See
text for more details. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

during post-exercise muscle ischemia, females exhibited an
attenuated blood pressure response in comparison with
males. Moreover, baroreflex control upon circulation re-
mained more elevated and lasted longer in women than in
men. Taken together, all these findings appear to suggest a
sex-related difference in baroreflex activity during contem-
porary activation of the muscle metaboreflex and a sex-
related difference in baroreflex sensitivity time course [88,
89]. The elevated baroreflex control in women, together with
the reduced metabo-mechanoreflex activity, may explain
why some studies have reported lesser sympathetic activity
in women than in men [67-69]. Moreover, as previously
pointed out, gender-related differences in central command
activation may play a role in the different autonomic activity
between sexes. However, the specific role of the three car-
diovascular reflexes in the different autonomic activity be-
tween sexes has never been tested and this hypothesis re-
mains speculative. Fig. (1) is a schematic representation of
gender-related mechanisms affecting sympathetic activation
during dynamic exercise.

In summary, very few research was conducted to investi-
gate the gender-related differences in the main reflexes con-
trolling the cardiovascular adjustments to dynamic exercise.
While metaboreflex, mechanoreflex, and baroreflex seem to
be influenced by sex, central command has been almost
completely overlooked by investigators. Specific studies in
this area are warranted.

6. SEX-RELATED DIFFERENCES IN HEART DI-
MENSIONS AND CARDIOVASCULAR ADAPTA-
TIONS TO EXERCISE

Regular training enhances heart capacity to pump blood
into circulation by inducing cardiac hypertrophy and increas-
ing cardiac chamber size. Furthermore, diastolic filling is
also enhanced. As a consequence, athletes can rely on a
higher SV reserve.

One of the largest studies on cardiovascular adaptations
to exercise in female athletes was performed by Pelliccia and
co-workers [89]. By employing echocardiography, they
measured cardiac structure and function in 600 females of 27
different sport activities. Authors compared results with

those obtained in 735 males of similar age and training status
and in 65 sedentary age-matched subjects. Trained women
had 6% and 14% larger LVWT and LVCS than sedentary
women. Compared with men, trained women exhibited
smaller LVWT, LVCS, and LVM. These results were sub-
stantially confirmed by Sharma et al. and Rowland and Roti
[90, 91]. Although in females the nature of physiologic adap-
tation is similar to that observed in male athletes, cardiac
hypertrophy (defined as wall thickness >11 mm) in females
is rare in comparison with males. A LVWT value greater
than 12 mm in trained women should be viewed with caution
and should be carefully evaluated to exclude hypertrophic
cardiomiopathy [92, 93]. These reported sex-related differ-
ences in cardiac adaptations may be partially explained by
the higher circulating concentrations of endogenous anabolic
hormones in males, which promote increased skeletal muscle
mass and allow training at greater intensity. In contrast to
hypertrophic cardiomiopathy, physiological cardiac hyper-
trophy is considered beneficial [94, 95]. It was reported that
male cardiac tissue possesses higher hypertrophic potential if
compared to women [94]. However, specific sex-specific
differences in exercise-induced physiological hypertrophy
has been not unanimously reported [96].

Although these early studies have demonstrated smaller
cardiac dimension in trained women compared with men,
recent research has sought to eliminate inter-sex differences
in body composition and size [97]. Authors found that, when
scaled to body surface area, male had greater LVM in com-
parison with females; in contrast, when scaled to lean body
mass, there was no significant difference between sexes.
Similarly, when allometrically scaled to lean body mass,
there were no significant gender-related differences in left
ventricular or atrial volumes. They concluded that gender-
related differences in ventricular dimensions are less marked,
if not absent, when indexing using lean body mass allometri-
cally. Thus, whether these differences in cardiac adaptations
can be accounted for body size and composition or whether a
sex-specific difference in physiological remodeling exists is
still the matter of debate.

It is noteworthy that a recent study comparing female
endurance athletes with non-athletes found that half of the
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variability in maximum VOjp,, could be explained by left
ventricular end-diastolic volume [98]. This result under-
scores the importance of diastolic capacity and function in
the cardiac adaptations to training in women.

In summary, studies focusing on cardiovascular adapta-
tions to exercise reported similar physiologic responses be-
tween sexes. However, it should be underscored that wall
thickness >11 mm is rare in females. Although early studies
demonstrated smaller cardiac dimension in women than men,
this difference seems to disappear when body size and com-
position were considered. These observations could be useful
in evaluating female endurance athletes with suspected car-
diac disease.

CONCLUSION AND FUTURE DIRECTIONS

Gender may differ in physiological cardiovascular ad-
justments and adaptations to dynamic exercise. Genetic, en-
docrine, and body composition features may be the key de-
terminants of these differences, and they should be consid-
ered when conducting research in this field and during diag-
nostic and therapeutic procedures. However, their detailed
mechanisms are still not well understood.

The most striking sex-related difference in cardiovascular
adjustments is reported for vascular tone, with females ex-
hibiting a reduced vasoconstriction and a lower vascular re-
sistance in comparison with males. This seems true at rest as
well as during recovery from dynamic exercise, while
whether this different vasomotor capacity is present also
during dynamic exercise is contentious. One potential con-
founding factor is the fluctuation in estrogens throughout
menstrual cycle, which can impact blood volume, SVR, and
ventricular functions [99]. Hence, specific studies focusing
on gender-related differences in arteriolar tone during dy-
namic efforts should be conducted. Moreover, the potential
role played by autonomic activity and hormone fluctuations
should be investigated.

It is surprising that the role played by sex in the three
main cardiovascular reflexes operating during exercise has
been poorly investigated. This despite several clues point
towards a clear influence of sex on metaboreflex, mecha-
noreflex, and baroreflex activity. In particular, central com-
mand has been almost completely overlooked by scientists.
This area of research deserves much consideration in the
future.

Significant differences appear to exist also in the cardio-
vascular adaptations to physical training, with trained
women showing smaller cardiac volume and wall thickness
compared with male athletes. However, scarce information
exists in this area of research and it is not clear whether re-
ported differences between sexes could be dependent also on
subjects’ training status. Future studies are needed to better
clarify this point.

Finally, inasmuch as differences between genders in
many cardiovascular variables are small or absent when pa-
rameters are indexed for body surface area and composition,
indexed parameters should be used instead of absolute values
in future studies. Sex appears to be less important than body
size and composition in explaining differences in cardiac
dimensions between genders.
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LIST OF ABBREVIATIONS

a-vO,D =  arterio-venous Oxygen Difference
CaO, - Arterial O, Content

CO = Cardiac Output

EF = Ejection Fraction

Hb = Hemoglobin

HbO,Sat = Percentage of Saturated Hemoglobin
HR =  Heart Rate

LVCS = Left Ventricular Cavity Size
LVM = Left Ventricular Mass

LVWT = Left Ventricular Wall Thickness
MAP = Mean Blood Pressure

ST = Stroke Index

SV =  Stroke Volume

SVR =  Systemic Vascular Resistance
VO, = Oxygen Uptake

VOimax =  Maximum Oxygen Uptake
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