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It is well recognised that regular exercise is cardioprotective.
On the other hand, sedentariety is an established risk fac-
tor for cardiovascular diseases. Furthermore, several clues
suggest that exercise capacity is a strong predictor of risk of
death from any cause in both healthy subjects and in those
with cardiovascular diseases. However, the exactmechanisms
through which regular physical activity confers cardiovascu-
lar protection are not yet well understood. Exercise probably
acts at multiple levels. One possibility is that regular exercise
modifies genes expression, thereby changing the production
of bioactivemolecules such as proteins and enzymes; another
potential site of action is on themechanisms of cardiovascular
regulation during effort, which are improved after periods of
training; finally, exercise can affect endothelial and platelet
functions, thus reducing the risks of atherosclerosis and
consequently the risk of infarction and stroke.

This special issue focuses on potential beneficial mecha-
nisms by which exercise operates to confer protection against
cardiovascular diseases.

The interesting paper by S. Heber and I. Volf reviews the
effects of inactivity and training on platelet functions. In their
literature review, they conclude that regular physical activity
diminishes or prevents platelet activation in response to acute
exercise and that habitual physical activity also positively
modulates platelet functions. They also conclude that these
effects support the well-recognised relation between exercise

and the risk for cardiovascular events, as a physically active
lifestyle dramatically reduces cardiovascular mortality.

In another intriguing review, C.-Y. Hsu et al. focus on
the important topic of the effects of exercise training on
autonomic function in chronic heart failure (CHF). Exercise
intolerance is one of the major and disturbing symptoms
in these patients. Increased sympathetic tone and decreased
parasympathetic activity have been often reported in CHF
and these phenomena are associated with a poor survival.
Data from this review indicate that participation in exercise
training programs induces beneficial effects on autonomic
function in CHF patients. They also point out that further
research could examine additional aspects of the effects of
exercise training in this population, such as the impact on
the responses to exercise training in different levels of CHF
severity, the possibility that a threshold intensity may be
needed to affect cardiac autonomic function, and the type of
exercise that should be recommended to achieve the highest
positive effects on sympathovagal balance.

In a third review by A. Crisafulli et al., the complex
issue of cardiovascular reflexes during exercise is addressed.
During exercise, the neural mechanisms controlling the car-
diovascular apparatus regulate cardiac output and arteriolar
tone in order to counteract the exercise-induced vasodilation
due to functional sympatholysis in the workingmuscle.These
cardiovascular adjustments guarantee adequate perfusion to
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vital organs (the brain and the heart) and to the working
muscles as well as adequate washout of exercise-induced
by-products. Moreover, these mechanisms prevent excessive
increments in blood pressure. In this review, authors sum-
marise neural reflexes operating during dynamic exercise,
particularly their interaction. They point out that cardio-
vascular regulation during exercise is achieved through the
contemporary integration and interaction of input arising
frommotor cortex (central command), skeletalmuscle recep-
tors (exercise pressor reflex), and arterial baroreceptors.They
also conclude that further research is warranted to better
understand how these reflexes interact during effort.

The last interesting review by R. B. Batacan Jr. et al. is
about the effects of light intensity activity on cardiovascular
risk factors. These authors claim that there is little support
for the role of light intensity activity to reduce cardiovascular
disease risk factors and that further studies are needed to
establish the value of light intensity physical activity in
reducing cardiovascular risk factors.

Finally, the research paper by N. G. Rocha et al. aims
at evaluating the acute effects of exercise on endothelial
functions in early metabolic syndrome. They find that these
subjects, despite being free of symptoms, present with an
early impairment of endothelial function. Moreover, they put
forward the hypothesis that the analysis of some biomarkers
changes could be potentially useful to develop preventive
measures before the onset of overt metabolic syndrome.

Collectively, these manuscripts confirm that sedentariety
is harmful for the cardiovascular system. Moreover, exercise
not only exerts positive effect on cardiovascular functions
and reduces the risks of cardiovascular diseases (primary
prevention), but could also revert cardiovascular disease and
play a preventive role in the progression of pathological
conditions (secondary/tertiary prevention).
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As platelet activation is closely related to the liberation of growth factors and inflammatory mediators, platelets play a central role
in the development of CVD. Virtually all cardiovascular risk factors favor platelet hyperreactivity and, accordingly, also physical
(in)activity affects platelet function. Within this paper, we will summarize and discuss the current knowledge on the impact of
acute and habitual exercise on platelet function. Although there are apparent discrepancies regarding the reported effects of acute,
strenuous exercise on platelet activation, a deeper analysis of the available literature reveals that the applied exercise intensity and
the subjects’ cardiorespiratory fitness represent critical determinants for the observed effects. Consideration of these factors leads
to the summary that (i) acute, strenuous exercise can lead to platelet activation, (ii) regular physical activity and/or physical fitness
diminish or prevent platelet activation in response to acute exercise, and (iii) habitual physical activity and/or physical fitness also
favorably modulate platelet function at physical rest. Notably, these effects of exercise on platelet function show obvious similarities
to the well-recognized relation between exercise and the risk for cardiovascular events where vigorous exercise transiently increases
the risk for myocardial infarction and a physically active lifestyle dramatically reduces cardiovascular mortality.

1. Introduction

A large body of evidence indicates that both acute exercise
and habitual physical activity affect platelet function. This
is of special interest as the inflammatory and immunomod-
ulatory consequences of platelet activation are increasingly
recognized and platelets therefore seem to be of central
importance not only to the final stages of cardiovascular
disease (CVD), but also to the development of these diseases.
Therefore, a modulation of platelet function by acute exercise
and/or habitual physical activity might represent a mecha-
nistic link between physical exertion and its observed effects
on CVD.This would be especially interesting as a remarkable
strong correlation exists between CVD-related mortality and
physical activity, as we will discuss later in this review.

In order to give a structured overview based on currently
available literature, the first part of this review will deal
with the influence of acute (mostly strenuous) exercise on
platelet function. To introduce the reader to different aspects
of platelet activation as well as platelet function tests (and also
as interpretation of obtained results may critically depend on

the applied methodologies), this will be done from a platelet-
centered viewwhere different aspects of platelet activation are
treated separately. Subsequently, the impact of exercise inten-
sity and the subjects’ cardiorespiratory fitness on the effects
of exercise on platelet function is summarized and discussed,
including the modulating effects of cardiorespiratory fit-
ness/physical activity on platelet function in the resting state.

2. Introduction to Platelets and
Their Function

Platelets represent the smallest formed elements of blood.
They are anucleate cells with a life-span of 7–10 days and con-
tain a variety of intracellular organelles, including different
types of secretory granules.

Activation of platelets, finally resulting in platelet degran-
ulation and aggregation, is essential for hemostasis and can
be triggered by several specific platelet-stimulatingmediators
(e.g., thrombin, ADP, and elements of the extracellular
matrix) as well as by shear and oxidative stress.
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As blood platelets are of central importance to the process
of (primary) hemostasis and coagulation, abnormalities in
platelet function (resulting in thrombosis or bleeding) result
in severe and potentially lethal consequences. In principle,
activation of platelets immediately results in platelet aggre-
gation and subsequent thrombus formation—however, these
consequences of platelet activation can to some extent be
antagonized by functional endothelium, pointing to a cru-
cial role of endothelium-derived mediators that counteract
platelet activation (namely, nitric oxide and prostacyclin)
in this process. However, as activated platelets compromise
endothelial function, the situation is complex.

The importance of platelets to the development of
atherosclerotic disease is apparent from the fact that platelet
activation is associated with accelerated atherosclerosis and
correlates with severity of this disease in humans. An injec-
tion of activated platelets exacerbates the formation of native
atherosclerotic lesions and an increase in systemic platelet
activation has been described for a variety of atherosclerotic
diseases including coronary artery disease [1, 2] and cere-
brovascular disease [3].

While the in vitro assessment of platelet reactivity in
different settings (including acute exercise and training)
might include the final consequences of platelet activation
(i.e., aggregation), measurement of in vivo platelet activation
depends on more subtle parameters.

As different pathways of platelet activation might result
in distinct patterns of “platelet activation markers,” such
studies require the consideration of several aspects of platelet
activation for a final interpretation of obtained results.

3. Influence of Acute Exercise on Diverse
Aspects of Platelet Activation

3.1. Platelet Count and Volume. Several studies show that
acute exercise results in a transient increase in platelet count.
This increase is caused by hemoconcentration and by platelet
release from the liver, lungs, and, importantly, the spleen [4–
6].The latter contracts in response to elevated concentrations
of epinephrine, as can be seen with increasing exercise
intensity where epinephrine raises from preexercise plasma
concentrations of 400–800 pM to >3500 pM with intense
exercise [7–9]. Interestingly, platelets stored in the spleen
have been reported to be significantly larger than normal
circulating platelets [4, 6, 10]. Accordingly, some studies have
reported an increase of mean platelet volume in response to
exercise [11–13], although this could not be confirmed in all
studies [14–16].

3.2. Activation of Glycoprotein IIb/IIIa. Glycoprotein IIb/IIIa
(GPIIb/IIIa, integrin 𝛼IIb𝛽3) is constitutively expressed on
the surface of resting platelets and represents the main
fibrin(ogen) receptor on these cells. Upon platelet activation,
this receptor undergoes a conformational change resulting in
a drastically increased affinity towards fibrin(ogen), enabling
the firm binding of platelets to fibrin(ogen) and thus facili-
tating platelet-platelet interaction, that is, platelet aggregation
and the formation of stable thrombi. Only a limited number

of studies found an increase in GPIIb/IIIa activation after
exercise [11, 17]—most studies reported no such effects [13,
18–22].

3.3. Platelet Aggregation. Potential effects of exercise on
platelet aggregation have been addressed by a multitude of
studies using different techniques. The vast majority of these
studies found increased platelet aggregability after exercise
in response to various agonists, while a few studies found
no such effect [23–26] or even an inhibition of platelet
aggregation by exercise [16, 27, 28]. Importantly, platelet
aggregation is affected by cell density (see above); therefore,
interpretation of experimental results might be difficult, as
an increase in agonist-induced platelet aggregation is not
necessarily related to platelet hyperreactivity when platelet
count is not corrected.

Nevertheless, increased platelet aggregation in response
to exercise was observed by light transmission aggregometry
without [11, 15, 29–32] and after adjustment of platelet count
in platelet-rich plasma (PRP) [21, 33, 34], but also with other
techniques including electrical impedance aggregometry [13,
35–41], filtragometry [42–44], calculation of reduction of
single (unaggregated) platelets after agonist stimulation [45–
50], and platelet aggregation after application of shear stress
by a rotational viscometer [20, 51, 52]. Notably, this observed
increase of in vitro platelet aggregation after acute exercise
is not in contrast to those studies that found no effects
of exercise on GPIIb/IIIa activation, as platelet aggregation
rather depends on sensitivity of platelets towards agonists
than on the basal activation state of glycoprotein IIb/IIIa.

Another test indicative of platelet aggregate formation
(following adhesion at high shear) is carried out by the
Platelet Function Analyzer (PFA-100), where platelets in
whole blood are activated by the combined action of shear
stress and agonists, resulting in closure of an aperture. After
exercise, shorter closure times have been reported [26, 29,
53]; however, also these results have to be interpreted in
light of the fact that this assay can be influenced by platelet
count [54], which was increased in two of these three studies
after exercise; in the third study [29] no data regarding
platelet count have been provided. Decreased closure times in
response to exercise were also observedwith hemostatometry
[55, 56], where defined pressure is applied to drive blood flow
through tubing and time until closure due to platelet plug
formation is measured after puncture of the tubing.

3.4. Platelet Adhesion. Various platelet adhesion assays have
been used in the literature to test for an effect of exercise
on platelet function. These studies have yielded inconsis-
tent results; whereas one study showed decreased platelet
adhesion to fibrinogen (evoked by shear-stress with a
rotational viscometer) [20], other groups (using different
experimental techniques) did not find any effect [23, 32,
58]; however, results of one study [57] indicate a role of
exercise intensity-dependent cortisol levels in this process.
Wang et al. used an assay which was designed to test the
resistance of adhered platelets against detachment by defined
shear stress applied by a flow of buffer. With this method,
the authors found more adhering platelets after exhaustive
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exercise [45, 47–49, 59], indicative of a stronger platelet-
surface interaction in response to acute exercise.

3.5. Platelet Degranulation. Degranulation represents an
integral consequence of platelet activation that results in the
concomitant release of a variety of soluble mediators and the
expression of distinct proteins on the platelet surface due to
membrane fusion of the granules with the plateletmembrane.
Consequently, de novo protein expression, for example, of
P-selectin (CD62P), on the platelet plasma membrane as
well as plasma levels of soluble mediators, for example, 𝛽-
thromboglobulin (𝛽-TG, CXCL7) and platelet factor 4 (PF4,
CXCL4), can be used as a measure of (in vivo) platelet
degranulation/activation.

After exercise, several studies found increased plasma
levels of 𝛽-thromboglobulin [30, 31, 37, 45, 60, 61] and
platelet factor 4 [27, 45, 60, 62]. As both 𝛽-thromboglobulin
and platelet factor 4 represent very sensitive marker of
platelet activation, these findings represent strong evidence
that exercise activates platelets, although a small number of
studies reported unchanged [26, 63] or decreased [16] levels
of 𝛽-thromboglobulin after exercise.

Although the (activation-dependent) expression of P-
selectin is not restricted to platelets, the fact that degranu-
lation initially results in the expression of membrane-bound
P-selectin (that is later on cleaved off to form soluble P-
selectin) makes this glycoprotein an invaluable marker of
platelet activation. P-Selectin represents a pivotal adhesion
molecule mediating cell-cell contact of platelets with leuko-
cytes, endothelial cells, and other platelets. Binding of platelet
P-selectin to its receptor PSGL-1 on leukocytes results in
aggregate formation of platelets with leukocytes (see below),
promoting the stimulation of leukocytes—a process involved
in many inflammatory conditions.

The influence of acute exercise on the expression of P-
selectin on platelets has been addressed by several studies
and yielded contradictory results. Basal P-selectin expression
(i.e., without intentional platelet stimulation applied ex vivo)
has been found to be increased [17, 42, 44, 64–68] after
acute exercise, although this was not in all studies statistically
significant [13, 18, 21]. Notably, several studies found no
influence of exercise on basal P-selectin expression [11, 19, 22,
69–71]. Agonist (including shear stress) induced P-selectin
expression after exercise was increased in most studies [17,
42, 44, 51, 66, 69, 70]; but again this effect was not always sig-
nificant [18], absent [19, 22, 71] or there was even a decrease in
P-selectin [20]. Similarly, soluble P-selectin was shown to be
increased [21, 49, 72] or unchanged [20, 51, 73] after exercise.

3.6. Platelet-Leukocyte Aggregates. Consistent with results of
studies showing increased platelet P-selectin expression after
exercise, formation of aggregates with (various subsets of)
leukocytes (platelet-leukocyte aggregates, PLAs) has been
detected in response to acute exercise.

Overall PLAs were found to be increased [42, 69] and
studies specifically addressing the involved leukocyte sub-
types found increased numbers of platelet-granulocyte aggre-
gates [70, 71], including platelet-neutrophil [16, 22, 44] and -
eosinophil aggregates [22] and also platelet-lymphocyte [70]

and -monocyte aggregates [44, 67, 70, 71]. Only one single
study reported a reduction of platelet-monocyte aggregates
after exercise [74].

Within these studies, both basal [16, 42, 44, 67, 69–71, 74]
and agonist-induced [22, 42, 44, 69–71] formation of platelet-
leukocyte aggregates were determined.

3.7. Platelet-DerivedMicroparticles. A further possible conse-
quence of platelet activation is the release of platelet-derived
microparticles (PDMPs) that constitute small (between
0.1 𝜇m and 1.0 𝜇m) membrane vesicles that represent an
important link between platelet activation and plasmatic
coagulation, as PDMPs provide a large surface of phos-
phatidylserine necessary for tenase and prothrombinase
complex formation. After exercise, the levels of PDMPs in
plasma have been reported to be increased [75–77], although
some studies could confirm this finding only in response
to platelet agonists [70] or to the application of shear stress
[78, 79].

3.8. Thromboxane A
2
. Platelet activation also involves the

release of effectors that are part of positive feedback loops
for platelet activation in an auto- and paracrine manner.
Besides ADP, a molecule of pivotal importance in this con-
text is thromboxane A

2
, which is synthesized upon platelet

activation. Its degradation product thromboxane B
2
serves

as a marker of in vivo platelet activation that can be readily
measured. After exercise, elevated plasma [25, 32, 35–37, 42,
66] as well as urinary levels [11, 50] of thromboxane B

2
have

been detected, consistent with a platelet-activating effect of
acute exercise.

3.9. Platelet Cytosolic Calcium. Modulation of the concen-
tration of cytosolic Ca2+ represents a mechanism of central
importance to the activation state of platelets. Increased
cytosolic free calcium ions constitute a very early event
of platelet activation and function as important second
messengers in platelets. An increase in cytosolic Ca2+ has
consistently been reported after exercise [34, 46, 48, 59, 80],
although some authors only reported small, nonsignificant
effects [38, 50]. Additionally, also agonist-induced Ca2+ levels
have been found to be increased after exercise [46, 48, 59, 80].

3.10. Platelet Inhibiting Pathways. Nitric oxide (NO), prosta-
cyclin (PGI

2
), and CD39/CD73 represent the physiologic

effectors of the three major pathways that are relevant to the
inhibition of platelet function (for a detailed review see [81]).

(Increased) production and release of both NO and
prostacyclin is mediated by an increase in cytosolic calcium
concentration, which can be triggered by shear stress (what
is obviously relevant to exercise) and a multitude of other
mediators. Whereas NO is produced by platelets as well as
other cells including endothelial cells and red blood cells,
prostacyclin synthesis occurs in endothelial cells and smooth
muscle cells but is absent in platelets. Redundancy between
these two systems has been reported, where one system
takes over when the other one is compromised, for example,
increased NO generation when prostacyclin production is
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impaired [82]. BothNO and PGI
2
inhibit platelet function via

an increase of cyclic nucleotides (NO mainly via cGMP and
prostacyclin via cAMP), which subsequently activate their
respective protein kinases (cGMP: protein kinase G; cAMP:
protein kinase A), which in turn phosphorylate key pro-
teins ultimately leading to platelet inhibition. Notably, since
platelet activation is associated with an increase in cytosolic
calcium concentration, NO generation within platelets repre-
sents also an early consequence of platelet activation, thereby
playing an important autoregulatory role that limits excessive
aggregation, adhesion, and thrombus growth [83, 84]. Thus,
increased intraplatelet amounts of cyclic nucleotides can
be the result of (and indicative of) platelet inhibition, for
example, by the endothelium (release of NO and PGI

2
),

or also a result of platelet activation. Consequently, direct
and indirect quantification of NO and PGI

2
may provide

information concerning the production of these compounds
but do not necessarily indicate inhibition of platelets as the
net effect of activating versus inhibitory stimuli remains
obscure without a direct assessment of platelet function.

Due to their short in vivo half-life, both NO and PGI
2
are

commonly quantified by their degradation products nitrite
and nitrate (in the case of NO) and 6-keto-PGF

1𝛼
(in the case

of prostacyclin).
Available studies indicate increased prostacyclin genera-

tion in response to acute exercise [32, 37, 49, 66, 85–88] and
increased intraplatelet levels of cAMP [66, 80] indicate that
platelets are indeed affected.

Similarly, increased plasma levels of NO degradation
products nitrite and nitrate have been observed together with
platelet activation [34, 46, 48, 50, 80, 85] after acute exercise.
While also red blood cells represent a possible source for
NO production in response to exercise [89], the functional
relevance of increased levels of NO degradation products
critically depends on the bioavailability of nitric oxide. As
increased generation of NO might be counterbalanced by
its inactivation, for example, by reactive oxygen species,
observed levels of NOmetabolites do not always indicate bio-
logically active NO. However, increased cGMP levels within
platelets [48, 66, 80] (in part accompanied by increased
platelet aggregability in response to collagen [38]) have been
detected in response to exercise, which strongly argue for
an increased bioavailability of NO. Notably, one study also
reported unchanged basal but decreased cGMP levels in
response to the NO-donor SIN-1 [33] after exercise, which
would indicate decreased platelet sensitivity towards NO.

CD39/CD73 constitutes a further pathway that interferes
with platelet function. CD39 is expressed on a number of
vascular cells, including endothelial cells and platelets [90,
91]. CD39 cleaves ADP and ATP to AMP, consequently
limiting platelet activation via P2-receptors. AMP is further
broken down by endothelial CD73 to adenosine [92], which
inhibits platelets via interaction with their A

2
-receptors and

a subsequent increase in cAMP. After exercise, basal as well
as ADP-induced CD39 expression on platelets has been
reported to be decreased while ADP-stimulation increased
CD39-expression before as well as after exercise [21]. This
is contrastive to other aspects of platelet function (e.g.,
expression of P-selectin), where agonists and exercise alter

platelet function in a similar manner. Thus, the observed
exercise-induced decrease in CD39 expression should be
interpreted to represent a mechanism facilitating platelet
activation rather than a consequence of platelet activation.

Short Summary. Taken together, despite some inconsistency
and contradictory results, the majority of available studies
indicate that acute exercise exerts a significant influence on
virtually all aspects of platelet activation. Although (also)
different protocols might partly account for contradictory
results found in the literature, results from several studies
indicate that the applied exercise intensity might represent a
critical determinant for the platelet-activating effects of acute
exercise.

4. Exercise Intensity and Platelet Function

To test for the hypothesis that exercise intensity affects platelet
function, one has to consider that there are several ways to
define exercise intensity—each with certain advantages and
drawbacks. Although it is beyond the scope of this review
to discuss this topic in detail (for a comprehensive overview
of different methods to determine and to prescribe exercise
intensity the reader is referred to a recent review by Mann
et al. [93]), one critical issue has to be mentioned. Most
studies dealing with acute exercise and platelet function that
are covered within this review defined (or prescribed) exer-
cise intensity as a percentage of maximal oxygen consump-
tion, indeed a very well accepted and widely used strategy.
Nevertheless, it is well established that a given percentage
of maximal oxygen consumption can result in great interin-
dividual differences in metabolic stress, for example, cate-
cholamine levels and blood pH, which are most likely to
influence platelet function during physical exercise. Thus,
a comparison of results obtained from different studies is
compromised by these limitations.

Nevertheless, a few studies directly compared different
exercise intensities with regard to their effects on platelets.
These studies provide substantial evidence that exercise
intensity indeed represents a critical determinant of platelet
activation. Wang et al. [45] compared an incremental exer-
cise test until exhaustion with 30 minutes of continu-
ous exercise at 50–55% of maximal oxygen consumption
(VO
2
max).Whereas the 30-minute submaximal trial resulted

in decreased platelet adhesion and aggregation (𝛽-TG and
PF4 remained unchanged), all of these parameters were
increased after the incremental test until exhaustion. These
results were basically confirmed by a study with similar
study design [80], where also cytosolic Ca2+ levels were
measured. Intraplatelet Ca2+—basal as well as after ADP
stimulation—was shown to be increased only after the
incremental test. Similarly, Chicharro et al. [15] reported
that platelet aggregation was unchanged after low intensity
running for 30 minutes without an increase in blood lactate
levels, whereas running for the same duration leading to
a mean lactate concentration of 4.6mmol/L (at rest: mean
0.9mmol/L) resulted in significantly increased aggregation in
response to ADP. These results are in line with results from
another group that found increased aggregability in response
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to ADP and collagen after an incremental exercise test
(bicycle ergometer) until exhaustion, whereas aggregability
was largely unchanged after 30 minutes of cycling with an
intensity of 60% VO

2
max and even decreased in response

to low concentrations of platelet agonist [34]. Cadroy et al.
[26] applied 30 minutes of cycling to compare two relatively
moderate intensities (50% versus 70% VO

2
max) with respect

to their effects on platelet function. These authors did not
observe any effects on platelet aggregation but found reduced
closure time measured with the PFA-100 in response to
epinephrine and ADP. Notably, these effects were more
pronounced at the higher intensity. Comparable intensities
(corresponding to about 55% and 80% of VO

2
max, resp.)

were applied in a study where intensities were defined by
means of 90% or 130% of the first ventilatory threshold
(an intensity above which lactate accumulation in plasma
occurs, but a steady state is still reached during continuous
exercise). In this study, hemostatometry readings in terms
of increased thrombus formation were only affected by the
higher intensity [56].

More recent studies also addressed P-selectin expression
and platelet-leukocyte formation. Wang et al. [22] observed
more PLAs in response to shear stress, LPS and fMLP after
40 minutes of cycling at 80% of VO

2
max compared to

rest, but less PLAs (compared to rest) in response to an
exercise intensity of 40% VO

2
max. Notably, there were no

stimulatory effects of exercise on PLAs in the absence of
agonists. Also Hilberg et al. analyzed P-selectin expression
as well as different subsets of PLAs in a study where they
compared effects of an incremental step test until exhaustion
with those of 45 minutes at 90% of the IAT (individual
anaerobic threshold, a threshold concept taking into account
the rate of decrease of lactate concentration after the end
of an incremental exercise test) [71]. Whereas the amount
of PLAs—both basal and after platelet activation by TRAP-
6—was increased after both exercise interventions, basal P-
selectin expression remained unaffected. However, the incre-
mental exercise test resulted in increased agonist-stimulated
P-selectin expression. In a subsequent study, the same authors
accounted for the potential confounding effects of different
exercise durations between groups (as is the case when
comparing, i.e., an incremental test of 10–15min and a sub-
maximal test of 60min duration) and applied 45–60 minutes
of cycling to compare intensities of 80% and 100% of the IAT
with respect to their effects on platelet function. Again, they
found increased agonist-stimulated P-selectin expression—
albeit no difference between exercise intensities—but also
increased formation of platelet leukocyte aggregates, which
was significantly more pronounced in response to the higher
exercise intensity.

Experiments performed with an ergometer for the upper
limbs [35] indicate that a interrelation between exercise
intensity and platelet activation is not specific for running
or cycling. While TXB

2
was increased after an incremental

exercise test until exhaustion but not after 15 minutes of
continuous exercise at 75% of maximal heart rate, platelet
aggregation increased in response to both exercise protocols,
but this increase was more marked after the incremental test.

5. Influence of Cardiorespiratory Fitness on
Platelet Function

Besides exercise intensity, also cardiorespiratory fitness, that
is, the adaptation to long-term exercise training, might
represent a critical determinant for alterations of platelet
function in response to acute exercise.

Some studies directly compared the effects of acute,
strenuous exercise on platelet function between two groups
differing in cardiorespiratory fitness and habitual physical
activity, respectively. By and large, results obtained from these
studies suggest that low cardiorespiratory fitness results in
greater platelet activation after acute exercise. Kestin et al.
[18] compared the effects of an incremental exercise test on
the expression of several receptors located on the platelet
surface between sedentary and physically active healthy
volunteers. In sedentary individuals, surface expression of
GPIb was downregulated (as is the case after stimulation with
thrombin [94, 95]), while CD36 was upregulated (consistent
with platelet activation [96]) and the fibrinogen receptor
GPIIb/IIIa was significantly more activated (in response
to thrombin) after exercise. In contrast, none of these
changes could be observed in the fitter volunteers. Consistent
with these results, platelets of sedentary volunteers showed
higher aggregability and adhesiveness after an incremental
exercise test performed on a bicycle ergometer compared
with platelets of (significantly, but not much fitter) phys-
ically active volunteers [45]. Additionally, the increase of
plasma 𝛽-TG and PF4 tended to be more pronounced in
the sedentary group. Coppola et al. [21] also compared
sedentary with active subjects and found a significantly
elevated number of circulating platelet-platelet aggregates
after an incremental exercise test in both groups—however,
levels were much higher in sedentary volunteers. Moreover,
ADP-stimulated P-selectin expression as well as platelet
aggregation was only increased in sedentary volunteers after
exercise.

Another recently published study assessed the effect of
acute (moderate) exercise on the occurrence and procoagu-
lant activity of platelet-derived microparticles. In untrained
as well as highly trained individuals, 90 minutes of cycling
at 80% of IAT caused a significant increase in both the
number of PDMPs and their coagulant activity. However,
after two hours the number of PDMPs remained significantly
elevated only in untrained subjects [76]. Such a difference
in the amounts of highly coagulant microparticles between
sedentary and highly trained subjects in the postexercise
phase represents an interesting finding, as there is increased
risk for sudden cardiac death within this period and this
risk is substantially greater for sedentary individuals [97].
Additionally, it should be mentioned that the chosen exercise
intensity of 80% of IAT corresponded to 60% of maximal
power output (reached in an incremental test) in trained
subjects but only to 45% of maximal power output in seden-
tary individuals. Consequently, trained subjects performed
exercise at a higher percentage of their VO

2
max and their

platelets were exposed to a higher shear stress. This is
especially relevant in light of the fact that shear stress is able
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to activate platelets and therefore should be considered when
interpreting the results of this study.

In addition, also longitudinal studies have been carried
out, where acute effects of exercise on platelet function
were assessed before and after a long-term exercise train-
ing program. In an early study including only 6 healthy
volunteers, 20 minutes of cycling with 70–80% of maximal
heart rate was shown to cause a significantly increased
slope of ADP-induced platelet aggregation, while 12 weeks
of regular exercise training abrogated this response to acute
exercise. In line with these findings, Wang et al. [47, 48]
observed increased platelet aggregability and adhesiveness
in response to an incremental exercise test until exhaustion
and this effect was diminished or absent after 8 weeks of
regular training. Similarly, the exercise-related increase in
intraplatelet calcium was blunted after the training period
[48]. Subsequent studies by the same authors confirmed these
results also for platelet activation by shear stress [51] and
oxidized LDL [46]. Notably, all these effects were reversible
after several weeks of detraining.

In a population predestined to be particularly unfit,
namely, (untrained) patients with spinal cord injury, El-Sayed
et al. [98] observed increased aggregation in response to ADP
and collagen after 30 minutes of arm cranking exercise with
an intensity as little as 60–65% of peak oxygen consumption.
However, after 12 weeks of regular exercise training, acute
exercise had the opposite effect, namely, an inhibition of
aggregation. Furthermore, Chen et al. [79] recently observed
an increase of shear-induced PDMP-formation after an incre-
mental exercise test in sedentary volunteers, an effect that was
absent after 4 weeks of regular exercise training.

Taken together, these studies show that regular exercise
training mitigates the activating effect of acute, strenuous
exercise on platelet function. In addition, a number of studies
indicate that long-term exercise training also affects platelet
function at rest.

An early study performed in overweight, hypertensive
men showed that low intensity training (walking/slow jog-
ging exercise at 45–55%VO

2
max, 5x/week for 45–60min) for

12 weeks led to a reduction of secondary platelet aggregation
in blood that was sampled at physical rest [99]. These
findings were confirmed and extended by another study
also performed in hypertensive patients by de Meirelles et
al. [100], who demonstrated decreased platelet aggregation
in response to collagen after a period of regular exercise
training (12 weeks, 75–85% of maximal heart rate, 3x/week
for 40min). These effects might be attributed to increased
levels of nitric oxide, as L-arginine uptake into platelets, NOS-
activity, and cGMP levels were increased after the training
period.

Importantly, effects of exercise training on basal platelet
function have also been shown in healthy volunteers. Exercise
training performed on a bicycle ergometer 5x/week for
30min over a period of ∼8 weeks with healthy, but (initially)
sedentary, men or women, respectively (at 60% or 50%
VO
2
max), decreased both platelet adhesion and aggregation

in response to several stimuli, including oxidized LDL and
shear stress [46–48, 51]. Additionally, training decreased
intracellular calcium levels and increased cGMP levels within

platelets as well as increased NO-metabolites in plasma
[48]. Indications that exercise training modulates platelet
function via the nitric oxide pathwaywere also obtained from
a study in young, sedentary male volunteers where 20 weeks
of ergometer training (60% VO

2
max, 3x/week for 30min)

increased plasma and intraplatelet nitrite/nitrate levels and
decreased platelet aggregation in response to collagen and
ADP [101]. However, a study performed with 7 spinal cord
injury patients was not able to show an effect of arm crank
exercise (12 weeks, 60–65% VO

2
max 3x/week for 30min) on

platelet aggregation at rest [98].
Taken together, the majority of available studies conclude

that exercise training affects basal platelet function in an
antithrombotic manner. Studies performed with patients
suffering from peripheral arterial disease indicate that effects
on platelet function are apparent after a remarkable short
duration of exercise training as 2 training weeks (strength
training, 30min effort-free cycle ergometer, 30min treadmill
walking at 3.2 km/h daily) was sufficient to decrease platelet
adhesion to fibrinogen (while showing no effect on platelet
aggregation) [102]. In healthy volunteers, no short-term
training studies have been performed but it is evident that
low intensity training is sufficient to affect platelet function
in a favorable way. While only limited data are available on
the effects of high volume and/or high intensity training
on platelet function, there are indications that basal platelet
function might be hyperresponsive in competitive athletes
(male cyclists) compared to sedentary controls [103]. Nev-
ertheless, these data have only been obtained with the PFA-
100 and therefore might have been affected by the different
hematologic profile of professional athletes (i.e., hematocrit),
so additional studies are clearly required to address this
important point.

In any way, physical activity habits and cardiorespiratory
fitness appear to have major impact on platelet reactivity, but
it should be kept in mind that platelet function observed in
physically active subjects obviously represents the physiologic
state; therefore, the conclusion that a sedentary lifestyle and
low cardiorespiratory fitness affects platelet function in a
prothrombotic, proinflammatory manner would probably
describe this issue in an accurate way.

Considering exercise intensity as well as physical activity
and fitness, inconsistencies between different studies cited in
the first, platelet function centered part of this review can
be partly explained. For example, in those studies reporting
inhibition of platelet aggregation [16, 27, 28] in response
to acute exercise, submaximal, prolonged exercise protocols
were applied in trained individuals, whereas the majority of
studies reporting increased aggregability prescribedmaximal
exercise protocols until exhaustion to untrained individuals.
Further, a relatively moderate exercise protocol (30min, 60%
VO
2
max) was used in the cited study reporting a decrease

in platelet adhesion in response to exercise [20]. Moreover,
in contrast to those studies where increased 𝛽-TG plasma
levels were measured after exhaustive exercise, unchanged or
decreased levels were only observed after 20–30min exercise
protocols with an intensity not higher than 70% of VO

2
max

or maximal heart rate, respectively [16, 26].
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6. Summary and Conclusion

Available literature that has been summarized in this review
indicates that (i) acute, strenuous exercise can lead to platelet
activation, (ii) regular physical activity and/or physical fitness
prevent platelet activation in response to acute exercise, at
least to a certain degree, and (iii) although a remarkable
low number of studies have been performed on this topic
in healthy populations, habitual physical activity and/or
physical fitness also favorably modulate platelet function at
physical rest.

Therefore, physical activity habits and cardiorespiratory
fitness appear to have major impact on platelet reactivity, but
it should be kept in mind that platelet function observed in
physically active subjects obviously represents the physiologic
state, since endurance exercise—especially running—played
a key role in the evolution of the human species [104].
Therefore, the conclusion that a sedentary lifestyle and
low cardiorespiratory fitness affects platelet function in a
prothrombotic manner would probably describe this issue in
an accurate way and this viewpoint is also supported from
studies where the training phase was followed by a period of
deconditioning.

Obviously, platelet function is directly and indirectly
affected by physical (in)activity. In this regard, several mech-
anisms and cell/tissue types are supposed to contribute to
the observed effects. Acute exercise results in increased levels
of catecholamines as well as increased shear and oxidative
stress, all of which are known to activate platelets. This is
especially relevant as artery blood flow and shear rate increase
in parallel to exercise intensity [105]. While enhanced shear
tends to activate platelets, it also stimulates the endothelial
production of nitric oxide. Endothelial nitric oxide affects
bypassing platelets (thereby counteracting their activation) as
well as vascular smoothmuscle cells in themedial layer of the
artery. The latter results in vessel dilation and, consequently,
increased blood flow at lower shear.

As both NO production and antioxidant defense are
increased as a consequence of training, also bioavailability
of NO is affected by regular exercise and this would help
to explain several effects of physical (in)activity on platelet
function even more as low shear rates have been shown to
stimulate endothelial ROS generation [106].

Notably, while short-term exercise training enhances
production and bioavailability of NO, long-term adaptations
taking place in specific vascular regions induce structural
changes to the vessel resulting in an increase in lumen
diameter, thereby decreasing shear rates while normalizing
endothelial NO production [107, 108]. Interestingly, there is
evidence that also extreme levels of activity might result in
detrimental effects to the cardiovascular system [109], but it
is unclear at the moment if this also holds true for platelet
function.

While the contribution of platelets to the final stages
of CVD is obvious, the central importance of these cells
and their activation state to the development of cardiovas-
cular disease is increasingly appreciated as chronic platelet
activation and platelet hypersensitivity result in increased
liberation of growth factors and proinflammatory mediators.

Therefore, it is of special interest that the effects of (both
acute and chronic) exercise on platelet function show obvious
similarities to outcomes from epidemiologic studies on the
impact of exercise on the development of cardiovascular
events where it has been shown that vigorous exercise tran-
siently increases the risk for myocardial infarction [110–112].
Approximately 6 to 17 percent of sudden deaths have been
shown to occur in association with physical exertion [97] and
this risk is considerably lower in populations that perform
exercise on a regular base [113]. Further, several studies were
able to show a strong, inverse, and independent association
between cardiorespiratory fitness and cardiovascular (as well
as overall) mortality risk [114–116].

This obvious parallelism poses the intriguing question if
the assessment of platelet function in response to acute and
habitual exercise might help to predict the beneficial effects
of physical activity/fitness on (the development of) CVD.
This would offer the possibility of acquiring information
from platelet-related studies that is not available from long-
term studies with cardiovascular events defined as the pri-
mary endpoint. Consequently, this would also allow directly
studying and comparing the potential effectivity of different
training programs and exercise intensities for primary and
secondary prevention of CVD. Although this is speculative at
the moment, clearly more research is required on this highly
relevant topic as well as on the mechanisms that are involved
in the modulation of platelet function by habitual exercise.
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Increased levels of adhesion molecules or metalloproteinases (MMPs) may indicate endothelial dysfunction. Exercise mobilizes
circulating angiogenic cells (CACs) from bone marrow in healthy subjects, improving vascular function. However, it is unclear
whether this mechanism is preserved in the early stages of metabolic syndrome (early MetS). We aimed to evaluate the acute
effects of exercise on adhesion molecules, angiogenic factors, MMPs, and CACs in early MetS. Fifteen subjects with early MetS and
nine healthy controls underwent an exercise session and a nonexercise session, randomly. Adhesion molecules, angiogenic factors,
CACs, and MMPs were evaluated before and after exercise or nonexercise sessions. At baseline, levels of sE-selectin, sICAM-1, and
MMP-9 were higher in early MetS than in controls (𝑃 ≤ 0.03). After exercise, sE-selectin, sICAM-1, and MMP-9 levels were still
higher in early MetS (𝑃 < 0.05). Subjects with early MetS presented less CACs (𝑃 = 0.02) and higher MMP-9 activity (𝑃 ≤ 0.04),
while healthy controls presented higher MMP-2 activity after exercise. There was no difference between moments in nonexercise
session (𝑃 > 0.05). In conclusion, subjects with early MetS already presented impaired endothelial function at rest along with a
decrease in CACs and an increase in MMP-9 activity in response to exercise.

1. Introduction

Cardiovascular disease is the major cause of death worldwide
[1].Mechanisms underlying atherosclerosis are tightly related
to the presence of cardiometabolic risk factors.The incidence
of metabolic syndrome (MetS) has been increasing in the
global population [2]. MetS is characterized by a cluster
of metabolic disorders, including dysglycemia, dyslipidemia,
obesity, and hypertension [3]. In the early stages of MetS
development (early MetS), when no chronic diseases are yet
present and no drug therapy has been used, it may be possible
to determine an increased risk of atherogenesis by assessing
endothelial dysfunction [4].

The intact endothelium prevents leukocyte migration
into the vessel wall.This leukocyte interaction with the endo-
thelium is regulated by the expression of cell adhesion mole-
cules, such as endothelial leukocyte adhesion molecule (E-
selectin), intercellular adhesion molecule-1 (ICAM-1), and
vascular cell adhesion molecule-1 (VCAM-1) [5]. Imbalance
expression of cell adhesion molecules is referred to as
endothelial dysfunction [6] and is usually present in patients
with MetS [7].

Circulating angiogenic cells (CACs) are usually recruited
from the bone marrow to peripheral blood promoting neo-
vasculogenesis, maintaining vascular integrity. Despite being
controversial, studies have shown associations between

Hindawi Publishing Corporation
BioMed Research International
Volume 2015, Article ID 920356, 9 pages
http://dx.doi.org/10.1155/2015/920356

http://dx.doi.org/10.1155/2015/920356


2 BioMed Research International

chronic diseases, such as hypertension [8], diabetes [9], and
dyslipidemia [10], and the number/functionality of CACs.
Jialal et al. [11] showed a reduced number of CACs along
with impaired functionality in subjects with MetS, who were
using antihypertensive drugs. However, some drugs, such as
antihypertensives and statins, are already known to influence
the number and/or functionality of CACs [12, 13]. Thus,
whether the number of CACs is already altered in drug näıve
subjects with MetS is unclear.

Acute exercise provokes a transient inflammatory response
through the increase in the amounts of several cytokines,
angiogenic factors [14], and matrix metalloproteinases
(MMPs) in the circulation [15]. MMP-2 and MMP-9 are
related to inflammation, angiogenesis, wound healing, and
cell migration, including CACs migration from the bone
marrow to peripheral blood [16]. Subjects with established
MetS-related diseases present high levels of proinflammatory
markers and MMP-9 [16]. In addition, a maximal aerobic
exercise seems to increase CACs in patients with coronary
artery disease but less than in healthy subjects [17]. However,
the acute effects of exercise on CACs and MMPs in subjects
with MetS and without chronic diseases are still unknown.

This study aimed to evaluate the effects of a single bout
of exercise on adhesion molecules, on angiogenic factors,
on CACs, and on MMPs in subjects with early MetS. We
hypothesized that subjects with early MetS, that is, free of
overt disease and without using medications, already present
an impaired endothelial function at baseline along with an
altered response of angiogenic factors, CACs, and MMPs to
exercise.

2. Materials and Methods

2.1. Ethical Approval. This study protocol was approved by
the ethical committee of Antonio Pedro University Hospital,
according to the latest revision of the Declaration of Helsinki.
All subjects gave written informed consent before their
participation in the study.

2.2. Subjects. Subjects were recruited through advertise-
ments at the university and in local newspapers. Twenty-
four subjects were enrolled, fifteen subjects with early MetS
(MetS group, age: 37 ± 2 years old) and nine healthy subjects
(controls) with none of the five criteria for MetS (healthy
group, age: 33± 3 years old).TheMetS grouppresented at least
three of the following five criteria defined by the American
Heart Association [3]: waist circumference >90 cm (men)
or >80 cm (women); systolic blood pressure ≥130mmHg
and/or diastolic blood pressure ≥85mmHg; fasting glucose
≥5.6mmol⋅L−1; triglycerides ≥1.7mmol⋅L−1; high-density
lipoprotein cholesterol (HDL-c) <1mmol⋅L−1 (men) or
<1.3mmol⋅L−1 (women). Other inclusion criteria included
the absence of any diagnosed disease, no recent infection,
no medication, nonsmoker, woman with regular menstrual
cycle, and sedentary lifestyle (not attended exercise program
lasting ≥30min, three times per week during the last three
months).Womenhad regularmenstrual cycles andwere eval-
uated in the early follicular phase (up to 5th day of menstrual
cycle). The eligibility requirements were determined through

clinical history assessment, physical examination, blood pres-
sure measurement, biochemical blood analyses, resting elec-
trocardiogram, and peak cardiopulmonary exercise testing.

2.3. Biochemical Blood Analyses. Blood was drawn from an
anterior cubital vein in themorning after a 12-hour overnight
fast. Cholesterol and its subfractions (HDL-c and low-density
lipoprotein (LDL-c)) as well as triglycerides and glucose
were determined using enzymatic colorimetric methods.
Plasma insulin was measured by electrochemiluminescence
immunoassay. Insulin resistance was estimated using the
homeostasis model assessment (HOMA-IR) derived from
fasting glucose and insulin concentrations [18]. Total leuko-
cyte count was measured by an electronic counter, the HST-
302N system.

2.4. Clinical Evaluation. A physician performed the eval-
uation, including clinical history assessment and resting
electrocardiogram (CardioCare 2000; Bionet, Tustin, CA,
USA). Resting blood pressuremeasurements were performed
twice, one on each arm, on two separate days in the upright
sitting position. Recordings were made under quiet and
temperature controlled (approximately 24∘C) conditions. An
appropriately sized cuff (cuff bladder encircling at least 80%
of the arm) was used.

2.5. Physical Examination. Anthropometric variables, such
as weight and height, were measured using a medical beam
balance (Welmy; Santa Bárbara d’Oeste, SP, Brazil). Body
mass index (BMI) was calculated as weight (kg) divided
by the square of the height (m). Waist circumference was
considered the midpoint between the iliac crest and the last
floating rib (XII rib).

2.6. Cardiopulmonary Exercise Testing. Subjects underwent a
cardiopulmonary exercise test, performed until fatigue on a
cycle ergometer (CG400model, Inbrasport; PortoAlegre, RS,
Brazil). The protocol was developed according to predicted
maximal exercise capacity. Subjects were verbally encouraged
to exercise until exhaustion in order to reach volitional
fatigue at approximately 10min of testing.Ventilation, oxygen
uptake, and carbon dioxide output were determined with
each breath (CPX Ultima Gas Exchange System, Medgraph-
ics Corp.; St. Paul, MN, USA). An electrocardiogram was
monitored through 12 leads (Welch Allyn CardioPerfect
Workstation, Welch Allyn; Skaneateles Falls, NY, USA), and
perceived exertion was verified every minute using the 0–
10 Borg scale. Breath-by-breath ventilation and expired gas
data were averaged to 20 s to identify the peak oxygen
consumption (VO

2peak), which was considered the highest
value of oxygen uptake recorded during exercise. Ventilatory
threshold was identified by combination of the following
methods: (1) inflection of ventilation versus time curve
and (2) consistent increase in the ventilatory equivalent of
oxygen (VE/VO

2

) without a concomitant increase ventilatory
equivalent of carbon dioxide (VE/VCO

2

).

2.7. Experimental Protocol. On two separate days, at least two
days apart, subjects from both the healthy and MetS groups
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underwent the exercise session and nonexercise session in
a random order. Adhesion molecules, MMP-9 (𝑛 = 24),
and CACs (𝑛 = 18) were evaluated before and 10min after
the exercise or nonexercise session. During the nonexercise
session, subjects sat still on the cycler ergometer for the same
period of time as the exercise session. These experimental
sessions were always conducted at the same time of the day
after a 1-hour fast. Participants were also given standard
feeding orientations for the previous day and asked to abstain
from caffeine and alcohol consumption and physical exercise
for at least 48 h.

2.8. Exercise Session. An individualized continuous submax-
imal bout of exercise was performed for 40min on a cycle
ergometer (CG400 model, Inbrasport; Porto Alegre, RS,
Brazil) at an intensity corresponding to 80% of the venti-
latory threshold, which was observed in the previous peak
cardiopulmonary exercise test. This exercise was preceded
by a warm-up of five minutes, pedaling at 30W, followed by
five minutes of recovery pedaling at 30W. Breath-by-breath
ventilation and expired gas were recorded throughout the
exercise bout by a digital metabolic analyzer (CPX Ultima
Gas Exchange System, Medgraphics Corp.; St. Paul, MN,
USA), which was linked to a computer for data recording and
offline analysis.

2.9. Concentration of AdhesionMolecules,MMP-9, andAngio-
genic Factors. The levels of sE-selectin, sICAM-1, sVCAM-
1, MMP-9, vascular endothelial growth factor (VEGF),
granulocyte-colony stimulating factor (G-CSF), and granulo-
cyte macrophage-colony stimulating factor (GM-CSF) were
determined using a multiplex sandwich immunoassay that
was performed using a Luminex 200 (Luminex; Austin,
USA) and xMAP technology [19, 20]. In this assay, the
specific antibody was covalently coupled to Luminex micro-
spheres and uniquely labeled with a fluorescent dye. Briefly,
the microspheres were incubated overnight with standards,
controls, and serum samples in a 96-well microliter filter
plate for duplicate determination. After washing the wells,
a mixture of the relevant biotinylated detection antibodies
was added and incubated for 30min at room temperature.
Streptavidin-phycoerythrin was then added for an additional
30min. The beads were finally washed twice, resuspended in
buffer, and analyzed by Exponent software according to the
manufacturer’s instructions. The results are reported as the
means of the duplicates.

2.10. Circulating Angiogenic Cells. Peripheral bloodmononu-
clear cells (PBMC) were isolated from the blood by Ficoll
density-gradient centrifugation, according to the manufac-
turer’s instructions. After the isolation, 5× 106 cells were incu-
bated with 10 𝜇L of CD34-FITC (BD Biosciences; Franklin
Lakes, NJ, USA), 6 𝜇L of CD133-PE (Miltenyi; Bergisch
Gladbach, North Rhine-Westphalia, Germany), and 10 𝜇L
of VEGFR2-APC (R&D Systems; Minneapolis, MN, USA).
All antibodies were added directly to the cell suspension
and kept in the dark at 4∘C for 40min. Cells were washed
three times with phosphate buffer solution and fixed with
FACS Lysing solution (BD Biosciences; Franklin Lakes, NJ,

USA). The respective isotypes (FITC, PE, and APC) were
used as controls. Cell fluorescence was measured by flow
cytometry using FACSVerse (BDBiosciences; Franklin Lakes,
NJ, USA), and a total of 3 × 106 events were analyzed using
the Suits software (BDBiosciences; Franklin Lakes, NJ, USA).
CD34+/VEGFR2+ cells and CD34+/CD133+/VEGFR2+ cells
were considered CACs. They were calculated as a per-
centage of VEGFR2+ cells and CD133+/VEGFR2+ cells in
the CD34+ gate, respectively. Intraclass correlation coef-
ficient was 0.80 for CD34+/VEGFR2+ cells and 0.90 for
CD34+/CD133+/VEGFR2+ cells.

2.11. Gelatin Zymography. Gelatinolytic activity of serum
MMP-2 and MMP-9 was measured using the gelatin zymog-
raphy technique. Quantification of serum protein was deter-
mined by the Lowry method [21]. Proteins were elec-
trophoresed through a 9% polyacrylamide gel copolymerized
with gelatin (2mg/mL, type A from porcine skin; Sigma-
Aldrich, St. Louis, MO, USA) and a 4% polyacrylamide
stacking gel.The gelswerewashedwith 2.5%TritonX-100 and
incubated for 24 h at 37∘C in activation buffer (10mM Tris
buffer, pH 7.5, with 5mM CaCl

2

and 1 𝜇M ZnCl
2

) in order
to verify the activity of the enzyme. After incubation, the
gels were stained with a solution containing 30% methanol,
10% acetic acid, and 0.05% Coomassie brilliant blue (R-250;
Sigma-Aldrich, St. Louis, MO, USA). Gelatinolytic activities
were defined as transparent bands against the dark blue
background. Zymograms were digitally scanned. The band
intensities were measured using Scion Image (Scion Corpo-
ration; Frederick, MD, USA) and expressed as a ratio to the
internal standard. Fetal bovine serum was used in each gel as
amolecular weight standard for gelatinases and as an internal
standard to correct for intergel variability.

2.12. Statistical Analysis. Data distribution was determined
through the Shapiro-Wilk test and homogeneity of vari-
ances by Levene’s test. A total sample size of 8 subjects
was necessary to detect differences of 5% between groups
(group main effect), considering a two-way ANOVA 𝑃 value
of 0.05 and power of 0.80. Unpaired Student’s 𝑡-test was
performed to identify significance between group differences
in all normally distributed variables. When distributional
assumption of normality was notmet, the statistical inference
was obtained using the Mann-Whitney 𝑈 test, an equivalent
nonparametric test. A chi-square test was used to analyze
categorical variables. Two-way ANOVAwas used to compare
the variables before and after exercise or nonexercise session
between the groups, followed by Fisher post hoc test in case of
significant interaction, group, and/or moment effect. All the
concentration values of adhesion molecules were multiplied
by a constant 100. Outliers were considered as the mean ±
three times the standard deviation and were excluded from
the analyses. Significance was accepted at the 0.05 level.

3. Results

The anthropometric, clinical, and biochemical profiles of
healthy controls and subjects with early MetS are presented
in Table 1. As expected, body mass, body mass index (BMI),
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Table 1: Selected subject characteristics.

Variable Healthy MetS P value
Number 9 15 —
Age, yr 33 ± 3 37 ± 2 0.23
Sex, M/W 6/3 12/3 0.47
Body mass, kg 71 ± 4 93 ± 4 <0.01
BMI, kg⋅m−2 23 ± 1 31 ± 1 <0.01
Body fat, % 26 ± 2 36 ± 2 <0.01
Waist circumference, cm 79 ± 3 102 ± 3 <0.01
Systolic BP, mmHg 117 ± 2 126 ± 3 <0.01
Diastolic BP, mmHg 75 ± 2 84 ± 2 <0.01
VO2peak, L⋅min−1 2.3 ± 0.2 2.2 ± 0.3 0.74
Total cholesterol, mmol⋅L−1 4.4 ± 0.2 5.6 ± 0.2 <0.01
LDL cholesterol, mmol⋅L−1 2.7 ± 0.2 3.6 ± 0.2 <0.01
HDL cholesterol, mmol⋅L−1∗ 1.3 ± 0.5 1 ± 0.2 <0.01
Triglycerides, mmol⋅L−1 0.7 ± 0.1 2.1 ± 0.2 <0.01
Glucose, mmol⋅L−1 4.8 ± 0.1 5.5 ± 0.2 <0.01
Insulin, 𝜇IU⋅mL−1∗ 7.4 ± 2.5 13.8 ± 12.5 <0.01
HOMA-IR∗ 1.5 ± 1.0 3.0 ± 3.5 <0.01
Total leukocytes count, 103⋅mm−3 6.2 ± 0.8 6.8 ± 0.4 0.44
Values are means ± SE or ∗medians ± interquartile range. M: men; W:
women; BMI: body mass index; BP: blood pressure; LDL: low-density
lipoprotein; HDL: high-density lipoprotein; HOMA-IR: homeostasis model
of insulin resistance.

body fat, waist circumference, blood pressure, lipid profile,
and glucose profile were significantly different between the
healthy and MetS groups. There was no difference between
groups regarding gender, age, absolute peak oxygen con-
sumption (VO

2peak), and total leukocyte count.
Figure 1 shows the levels of adhesion molecules (sE-

selectin, sICAM-1, and sVCAM-1) before and after exercise
in healthy controls and subjects with early MetS. Levels
of sE-selectin and sICAM-1 were 106% and 87% higher
in subjects with early MetS when compared with healthy
controls (𝑃 < 0.01; Figure 1) at baseline. After exercise, the
levels of these molecules were still higher than in healthy
controls (𝑃 ≤ 0.01). sVCAM-1 levels were similar between
groups at baseline (𝑃 = 0.83) and after exercise (𝑃 = 0.76).
However, both groups presented increased sVCAM-1 levels
after exercise (𝑃 ≤ 0.03).

Regarding the flow cytometry data (Figure 2), no differ-
ence was found at baseline in either CD34+/VEGFR2+ cells
(𝑃 = 0.31; Figure 2(a)) or CD34+/CD133+/VEGFR2+ cells
(𝑃 = 0.39; Figure 2(b)) between groups. Subjects with early
MetS showed a lower number of CD34+/VEGFR2+ cells (𝑃 =
0.02) and CD34+/CD133+/VEGFR2+ cells (𝑃 = 0.02) than
healthy controls after exercise.

Subjects with earlyMetS presented higher levels ofMMP-
9 at baseline (𝑃 = 0.04) and after exercise (𝑃 = 0.02) when
compared to healthy controls (Table 2). AlthoughG-CSFhave
increased similarly in both groups after exercise (𝑃 < 0.05),
no differences were observed in the serum concentration
of all angiogenic factors between groups before and after
exercise (𝑃 > 0.05; Table 2).

Figure 3 shows the MMP-2 and MMP-9 activities before
and after exercise sessions in healthy controls and subjects
with early MetS. At baseline, no differences were found in
MMP-2 and MMP-9 activities between groups (𝑃 > 0.05;
Figures 3(a) and 3(b), resp.). After exercise, only healthy
controls had increased MMP-2 activity after exercise (𝑃 <
0.01; Figure 3(a)). In addition, subjects with early MetS
presented an increase in MMP-9 activity after exercise (𝑃 =
0.01; Figure 3(b)), which was different between groups (𝑃 <
0.05; Figure 3(b)).

There was no difference in all variables betweenmoments
in nonexercise session (𝑃 > 0.05; data not shown).

4. Discussion

Our study hypothesized that subjects with early MetS
already presented an impaired endothelial function along
with an altered response of angiogenic factors, CACs, and
MMPs to exercise. This study presented four novel find-
ings: (1) subjects with early MetS presented higher levels
of adhesion molecules and MMP-9 and similar levels of
CD34+/VEGFR2+ and CD34+/CD133+/VEGFR2+ cells at
baseline compared with healthy controls; (2) subjects with
early MetS presented a lower number of CD34+/VEGFR2+
andCD34+/CD133+/VEGFR2+ cells after exercise; (3) healthy
controls presented increased MMP-2 activity, while subjects
with early MetS presented higher MMP-9 activity after
exercise; and (4) no differences were observed in angiogenic
factors between groups before and after exercise.

Adhesion molecules play a critical role during inflam-
matory responses by mediating the interaction of leukocytes
to endothelial cells and, subsequently, their migration into
perivascular tissues [22]. Studies have associated high levels
of cell adhesion molecules with endothelial dysfunction
and the development of atherosclerosis [23]. It was also
demonstrated that subjects with early MetS already present
an increased brachial artery time to peak diameter and
a reduced shear rate-adjusted flow-mediated dilation [24],
which may represent independent markers of endothelial
function in subjects with early MetS. The present study
corroborated these findings, showing that subjects with early
MetS presented increased baseline levels of sE-selectin and
sICAM-1 and, consequently, early endothelial dysfunction.
As observed for adhesion molecules, the levels of MMP-9
seemed to be higher in subjects with earlyMetS, whileMMPs
activities were not. Some studies have demonstrated that
increased baseline level of MMP-9 is related to atherothrom-
botic risk in subjects with cardiometabolic diseases [25] and
in healthy subjects [26].

Differences between the groups regarding CD34+/
VEGFR2+ and CD34+/CD133+/VEGFR2+ cells were
observed after exercise. This fact could be partially explained
by an elevated proinflammatory state [27]. In fact, levels of
sE-selectin and sICAM-1 were still increased after exercise
in subjects with early MetS, which contributes to apoptosis
or loss of CACs functionality. Acute exercise induces a
transient inflammatory response through the increase in
several cytokines such as interleukin-6, tumor necrosis
factor-𝛼, C-reactive protein [14], and nuclear factor kappa
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Table 2: Serum concentration of MMP-9 and angiogenic factors before and after exercise.

Variables Healthy MetS
Before exercise After exercise Before exercise After exercise

MMP-9 (ng⋅mL−1) 1.6 ± 0.3 1.8 ± 0.3 2.3 ± 0.2∗ 2.6 ± 0.2∗
VEGF (pg⋅mL−1) 225.1 ± 65.3 241.6 ± 65.8 146.6 ± 46.1 155.5 ± 46.5
G-CSF (pg⋅mL−1) 11.8 ± 3.7 15.8 ± 4.6† 17.3 ± 2.9 21.3 ± 3.6†
GM-CSF (pg⋅mL−1) 1.3 ± 1.2 1.6 ± 1.1 2.6 ± 0.9 3.3 ± 0.9
Values are means ± SE. Healthy: healthy controls; MetS: subjects with metabolic syndrome; MMP-9: metalloproteinase-9; VEGF: vascular endothelial growth
factor; G-CSF: granulocyte-colony stimulating factor; GM-CSF: granulocyte macrophage-colony stimulating factor. ∗𝑃 ≤ 0.04 versus healthy controls; †𝑃 <
0.05 versus before exercise.
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Figure 1: Adhesion molecules in healthy controls and subjects with MetS before and after exercise. sE-selectin: soluble endothelial selectin;
sICAM-1: soluble intercellular adhesion molecule-1; sVCAM-1: soluble vascular cell adhesion molecule-1. ∗𝑃 ≤ 0.01 versus healthy controls;
†

𝑃 ≤ 0.03 versus before exercise.

B [28] and oxidative stress [29] in healthy subjects and
in subjects with coronary artery disease [30]. In contrast,
chronic repetitive exercise, that is, physical training, induces
the development of an adaptation to the acute stress of
exercise bouts [31] and reduces proinflammatory cytokine
basal levels while inducing the expression of antioxidant and

anti-inflammatory variables in the vessel [30]. These factors
may directly inhibit the development of atherosclerosis and,
consequently, diminish the risk of cardiovascular events [32].

Previous studies have shown that chronic exercise
increases the number of CACs in subjects with MetS [33, 34].
However, these subjects presented established diseases, such
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Figure 2: Circulating angiogenic cells ((a) CD34+/VEGFR2+ cells; (b) CD34+/CD133+/VEGFR2+ cells) before and after exercise in healthy
controls and subjects with MetS. ∗𝑃 = 0.02 versus healthy controls.
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Figure 3: MMP-2 (a) and MMP-9 (b) activities before and after exercise in healthy controls and subjects with MetS. MMP-2: matrix
metalloproteinase-2; MMP-9: matrix metalloproteinase-9. ∗𝑃 < 0.05 versus healthy controls; †𝑃 ≤ 0.01 versus before exercise.

as hypertension, diabetes, and coronary artery disease, and
were under the effect of different medications. Therefore,
the results of those studies could be biased by the presence
of cardiometabolic diseases or the pleiotropic effects of the
drugs. To our knowledge, the present study is the first to
investigate the number of CACs after one bout of exercise
in subjects with early MetS, that is, free of overt disease or
pharmacological treatment.

An exercise bout increased MMP-2 activity in healthy
controls and MMP-9 activity in subjects with early MetS. A
previous study has already demonstrated opposite behaviors
between serumMMP-2 andMMP-9 in critical limb ischemia

patients [35]. It was also shown that expression ofMMP-2 and
MMP-9 onCACs surface plays a role in their invasive capacity
and the guidance of circulating endothelial cells (mature or
progenitor) to ischemic regions. Exercise is a physiological
stimulus, which increases local production and release of
growth factors and chemoattractant cytokines [36, 37].These
factors are able to activateMMPs, causing CACsmobilization
from bone marrow to peripheral circulation [36–38]. It was
shown that G-CSF is able to increase MMP-2 activity in
human trophoblast cell line, through activation of PI3K/Akt
andErk signaling pathways [38]. Although subjects with early
MetS also presented increased levels of G-CSF after exercise,
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they failed to increase MMP-2 activity and release CACs
to peripheral blood. Other studies are necessary to address
possible mechanisms that activate MMP-2 in MetS.

In addition,MMP-9 is released from skeletal muscles into
the circulation as a response to proinflammatory conditions,
contributing to the disruption of atherosclerotic plaques [39].
It was already shown that concentration and activity ofMMP-
9 increased during exercise in healthy subjects, returning
to baseline levels at the end of exercise [15]. Our results
corroborated these findings, showing that there is no differ-
ence between the pre- and postexercise moments in healthy
controls. On the other hand, it seems that subjects with
early MetS exhibited a sustained or late increase in MMP-9
activity after exercise. MMP-9 high levels and activity have
been considered independent predictors for the development
of coronary artery diseases [16] and are associated with
increased cardiovascular risk in subjects with MetS [40].

CACs and MMP-9 may be considered independent
biomarkers for endothelial function, predicting the onset of
MetS-related diseases. Although the activation of proteinases,
such as MMP-9, increases CACs mobilization from the bone
marrow quiescent niche [41], the increase in MMP-9 activity
was not enough to increase CACs in subjects with earlyMetS.
It is conceivable that MMP-9 high activity, after exercise in
subjects with earlyMetS,may have led to a transitory increase
in CACs mobilization from the bone marrow to peripheral
blood followed by an increase in CACs consumption by the
impaired endothelium in subjects with early MetS. However,
other specific studies are necessary to confirm these hypothe-
ses. Moreover, there are othermolecules and conditions, such
as nitric oxide and oxidative stress, which could influence the
number of CACs after exercise. NO is already known as a
potent stimulus of CACsmobilization. A lower bioavailability
of serum NO after exercise would be a mechanism that may
explain the diminished levels of CACs in subjects with early
MetS. It was also shown that antioxidative enzyme levels are
reduced [42], while oxidative stress is increased in subjects
with MetS [42] or after acute exercise [29].

The present study should be interpreted considering
some limitations. First, anti-CD34, anti-VEGFR2, and anti-
CD133 antibodies were used to quantify CACs by flow
cytometry. Currently, there is no gold-standard marker for
characterization of CACs. This point makes it difficult to
standardize and compare the quantification of CACs among
the different published studies. However, CD34+/VEGFR2+
and CD34+/CD133+/VEGFR2+ are most frequently used
for their identification because the level of circulating
CD34+/VEGFR2+ cells predicts the occurrence of cardiovas-
cular events and death, which may help to identify patients at
increased cardiovascular risk [43]. Second, we used men and
women in the same analysis. To counter this limitation, the
groups were matched for sex differences and all the women
were evaluated in the follicular phase of the menstrual cycle.
A third potential limitation was the absence of differences
in CACs number at baseline between the groups. Some
studies have demonstrated that subjects with cardiometabolic
diseases present reduced baseline levels of CD34+/VEGFR2+
cells [11] when compared with healthy controls. However,
the current population with MetS is free of overt disease or

pharmacological treatment, and these factors are known to
alter the results [12, 13, 44].

In conclusion, despite being free of established chronic
diseases and pharmacological treatment, the subjects with
MetS already presented an early impairment of endothelial
function, as shown by increased baseline levels of sE-selectin,
sICAM-1, and MMP-9. In addition, subjects with early MetS
already exhibited an impaired response to exercise in terms of
CACs and MMP-9 activity. The analysis of these biomarker
changes could be potentially useful to develop preventive
measures before the onset of MetS-related diseases.
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Vianna, and A. C. L. Da Nóbrega, “Preserved flow-mediated
dilation but delayed time-to-peak diameter in individuals
with metabolic syndrome,” Clinical Physiology and Functional
Imaging, vol. 34, no. 4, pp. 270–276, 2014.

[25] M. H. Tayebjee, S. K. Nadar, R. J. MacFadyen, and G. Y.
H. Lip, “Tissue inhibitor of metalloproteinase-1 and matrix
metalloproteinase-9 levels in patients with hypertension: rela-
tionship to tissue Doppler indices of diastolic relaxation,”
American Journal of Hypertension, vol. 17, no. 9, pp. 770–774,
2004.

[26] J. Sundström and R. S. Vasan, “Circulating biomarkers of
extracellular matrix remodeling and risk of atherosclerotic
events,” Current Opinion in Lipidology, vol. 17, no. 1, pp. 45–53,
2006.

[27] F. Zaldivar, J. Wang-Rodriguez, D. Nemet et al., “Constitu-
tive pro- and anti-inflammatory cytokine and growth factor
response to exercise in leukocytes,” Journal of Applied Physiol-
ogy, vol. 100, no. 4, pp. 1134–1141, 2006.

[28] M. Balan and M. Locke, “Acute exercise activates myocardial
nuclear factor kappa B,” Cell Stress and Chaperones, vol. 16, no.
1, pp. 105–111, 2011.

[29] G. C. Bogdanis, P. Stavrinou, I. G. Fatouros et al., “Short-term
high-intensity interval exercise training attenuates oxidative
stress responses and improves antioxidant status in healthy
humans,” Food and Chemical Toxicology, vol. 61, pp. 171–177,
2013.

[30] J. Lara Fernandes, C. V. Serrano Jr., F. Toledo et al., “Acute and
chronic effects of exercise on inflammatory markers and B-type
natriuretic peptide in patients with coronary artery disease,”
Clinical Research in Cardiology, vol. 100, no. 1, pp. 77–84, 2011.

[31] A. C. L. da Nobrega, “The subacute effects of exercise: concept,
characteristics, and clinical implications,” Exercise and Sport
Sciences Reviews, vol. 33, no. 2, pp. 84–87, 2005.

[32] D. J. Green, G. O’Driscoll, M. J. Joyner, and N. T. Cable,
“Exercise and cardiovascular risk reduction: time to update the
rationale for exercise?” Journal of Applied Physiology, vol. 105,
no. 2, pp. 766–768, 2008.
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Cardiac output and arterial blood pressure increase during dynamic exercise notwithstanding the exercise-induced vasodilation due
to functional sympatholysis. These cardiovascular adjustments are regulated in part by neural reflexes which operate to guarantee
adequate oxygen supply and by-products washout of the exercising muscles. Moreover, they maintain adequate perfusion of the
vital organs and prevent excessive increments in blood pressure. In this review, we briefly summarize neural reflexes operating
during dynamic exercise with particular emphasis on their interaction.

1. Hemodynamic Regulation during Dynamic
Exercise: General Review and Functions

Physical activities with large muscle mass, such as running,
cycling, and rowing, can produce a reduction in systemic
vascular resistance (SVR) because of the intense metabolic
vasodilatation in the muscle vasculature via functional sym-
patholysis [1, 2]. This fact constitutes a challenge for the
cardiovascular apparatus and it would cause a drop in blood
pressure if control mechanisms did not contemporarily aug-
ment cardiac output (CO). Thus, the active muscle competes
with blood pressure regulation for blood flow. Despite the
vasodilation-induced SVR decrease, dynamic exercise in
normal subjects is characterized only by a small to moderate
increase in mean arterial pressure (MAP) [3–5]. Convincing
evidence demonstrates that this fine hemodynamic tuning
is determined by the activity of neural mechanisms which
control the cardiovascular system and regulate circulation to
guarantee adequate oxygen supply and washout of metabolic
end-products to exercising muscles. These mechanisms also
regulate arterial blood pressure, so that perfusion of the
vital organs is reached and blood pressure does not vary
excessively.

There are at least three neural mechanisms participating
in this cardiovascular regulation: (1) the exercise pressor

reflex, (2) the central command, and (3) the arterial barore-
flex.

Themedulla contains the major nuclei that control blood
pressure and the cardiovascular system. These nervous cir-
cuits are extensively reviewed in other excellent papers [6, 7].
It is believed that the “central command” sets a basal level of
sympathetic activity and vagal withdrawal closely related to
the intensity of the strain and to motor drive from the motor
cortex [8–12]. In this neural mechanism, the cardiovascular
control areas located in the medulla are activated by regions
of the brain responsible formotor unit recruitment.This basic
level of autonomic activation is then modulated by the exer-
cise pressor reflex, which originates from peripheral signals
arising from mechano- and metaboreceptors (types III and
IVnerve endingswithin themuscle) that reflexivelymodulate
sympathetic activity taking into account the mechanical and
metabolic conditions in theworkingmuscle [12–16]. In detail,
it is known that groups III and IV nerve endings excite
neurons in the nucleus of the solitary tract (NST) in the
medulla. A subset of the NTS neurons activated by these
afferents is thought to directly excite neurons of the ventro-
lateralmedulla, which are the primary output for sympathetic
activity [6, 7]. This autonomic modulation originating from
the central command and the exercise pressor reflex increases
HR and enhances myocardial contractility, which together
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concur in raising CO. Sympathetic stimulation is in turn
modulated by baroreflexes, which oppose any mismatch
between vascular resistance and CO by controlling muscle
vasodilatation and cardiac chronotropism in order to avoid
excessive variation in blood pressure [17–19].

Thus, dynamic exercise elicits marked cardiovascular and
autonomic adjustments which include increases in CO,MAP,
and SVR reduction.This hemodynamic status is regulated by
the nervous system by the integration of information coming
from the motor cortex (central command), from muscle
receptors (exercise pressor reflex), and from receptors in the
aortic, carotid, heart, and pulmonary arteries (arterial and
cardiopulmonary baroreflexes).

One key point of the functioning of these reflexes is
how they interact during dynamic exercise. There is some
redundancy between them and neural occlusion can be
operative.Moreover, from several observations it appears that
both the central command and the exercise pressor reflex can
modulate the activity of the baroreflex [19]. In this review, we
will briefly summarize the activities of these neural reflexes
with particular emphasis on their integration during dynamic
exercise.

2. Exercise Pressor Reflex

Since the seminal research by Alam and Smirk [20, 21]
a great bulk of evidence has demonstrated that metabolic
reflex coming from skeletal muscle evokes cardiovascular
adjustments during exercise. Subsequently, Coote et al. [22]
demonstrated that the muscle pressor reflex could be elicited
by ventral root stimulation. Then, McCloskey and Mitchell
[8] showed the involvement of group III/IV afferents in this
cardiovascular reflex. This reflex is known as the muscle
“metaboreflex.” It was later demonstrated that mechanical
changes in muscles and tendons can also elicit cardiovascular
responses [23]. This reflex has been termed “mechanoreflex.”
These two reflexes of muscular origin together constitute the
exercise pressor reflex.

It is well established that these two reflexes have their
afferent arm in groups III and IV nerve endings within
the muscle, with type III nerve afferents mainly acting as
mechanoreceptors and type IV as metaboreceptors [24]. It
is however important to underline that this classification is
not imperative and that both fiber types can act dually as
metabo- andmechanoreceptors.Moreover, evidence suggests
thatmechanoreceptors can be sensitized bymetabolites accu-
mulation [25] thereby rendering the specific contribution of
mechano- and metaboreceptors to the exercise pressor reflex
difficult to evaluate during exercise. These receptors col-
lect information concerning the mechanical and metabolic
conditions of contracting muscles and send this piece of
information to cardiovascular controlling centers located
in the medulla, where the information is integrated and
elaborated. Then, cardiovascular medullary centers organize
the hemodynamic response to exercise taking into account
the mechanical and metabolic status of the working muscle
[10, 26, 27].

Several substances have been demonstrated to be able
to activate the metaboreflex, such as lactic acid, potassium,

bradykinin, arachidonic acid products, ATP, deprotonated
phosphate, and adenosine [2], whereas the role played by
reactive oxygen species is controversial [28]. Moreover,
studies with 31P nuclear magnetic resonance spectroscopy
revealed that themetaboreflex can be activated by decrements
in intramuscular pH [29, 30]. These findings are interpreted
with the concept that the metaboreflex is activated whenever
blood flow to contracting muscles is insufficient to warrant
oxygen delivery and/or metabolites washout [13, 31], thereby
suggesting that this reflex corrects any possible mismatch
between blood flow and metabolism in the muscle. However,
there is evidence that in humans the metaboreflex can be
active even during mild exercise, when there is sufficient O

2

delivery to the muscle. In this situation there is no evident
mismatch between muscle flow and metabolism, thereby
demonstrating the essential role of the metaboreflex in the
normal blood pressure response even for light exercise inten-
sities [9]. Therefore, the metaboreflex might be responsible
for a tonically active feedback to the cardiovascular control
areas which induce cardiovascular changes whenever the
muscle metabolism is activated by muscle contractions, even
at mild intensities of effort [15, 32, 33].

From a hemodynamic point of view, the typical conse-
quence of metaboreflex recruitment is an increase in MAP
[10, 13, 15]. This response is reached by modulating both SVR
and CO. However, whilst SVR increase due to sympathetic
vasoconstriction is a well-described phenomenon [13, 15, 34],
the consequences upon central hemodynamics and CO are
less studied and characterized. It is well ascertained that the
effect on HR is limited or absent, since studies using the
postexercise muscle ischemia method often report very mild
or null effects on this parameter [13, 15, 34–39]. However, if
the metaboreflex is evoked during exercise by causing muscle
ischemia an HR response is evident [40].The reason for such
HR behavior is explained in detail in the reflex interaction
during exercise paragraph.

In healthy individuals, the metaboreflex can also influ-
ence cardiac contractility, preload, and stroke volume (SV)
as suggested by recent and past evidence [15, 16, 33, 36, 38,
40–47]. The possibility to recruit the functional reserve of
preload and contractility appears crucial since impairment
in one or both parameters causes abnormal cardiovascular
adjustments to exercise, as observed in situations such as
heart failure, spinal cord injured patients, and subjects with
diastolic dysfunction [36, 43, 48]. Of note, it has been
reported that metaboreflex can induce venoconstriction and
splanchnic vasoconstriction, thereby increasing ventricular
filling pressure. This phenomenon facilitates venous return
and produces a sort of blood volume “centralization” in order
to support SV and CO [36, 41, 49]. In particular, a reduction
in ventricular filling rate, a measure of diastolic function,
has been reported to impair the metaboreflex-induced SV
response [36, 38, 49, 50]. Moreover, it has been recently
reported that healthy, elderly subjects show an impaired
SV response via the metaboreflex as compared to young
individuals because of their reduction in cardiac compliance
which impaired diastolic filling [43]. Therefore, these results
suggest that diastolic capacity is important to achieve a
normal hemodynamic response during the metaboreflex.
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Thus, the available literature suggests that the hemody-
namic response to metaboreflex activation is a highly inte-
grated phenomenon. A complex interplay between HR, car-
diac performance, preload, and afterload occurs to achieve,
at least in healthy individuals, the normal cardiovascular
response to exercise [13, 14, 33, 51].

As concerns themechanical branch of the exercise pressor
reflex, it has been reported that the mechanoreflex can also
trigger cardiovascular reflex. Actually, mechanical distortion
of type III nerve endings in contracting muscles may sub-
stantially increase blood pressure [52, 53].Themechanoreflex
activation has been reported to inhibit cardiac vagal tone
which, in turn, causes a rapid and sustained elevation in HR
at the beginning of exercise [23]. It should however be kept
in mind that, in humans, the mechanoreflex is more difficult
to isolate than metaboreflex as muscle contractions, which
are needed to recruit the mechanoreflex, are accompanied
by both central command and metaboreflex activation, thus
rendering the isolation of mechanoreflex from the other two
reflexes difficult to achieve. Furthermore, as previously stated,
mechanoreceptors can be sensitized by the accumulation of
metabolites, which renders themetaboreflex andmechanore-
flex contribution difficult to isolate during exercise. For these
reasons, research on the mechanoreflex is less abundant than
that on metaboreflex and a clear and complete picture of the
hemodynamic consequences of pure mechanoreflex activa-
tion is lacking. Further studies are warranted to better clarify
the role of mechanoreflex in the cardiovascular adjustment to
exercise pressor reflex activation.

In summary, from available data it seems that the exercise
pressor reflex can adjust all four hemodynamic modulators
(i.e., chronotropism, inotropism, cardiac preload, and after-
load) to reach the target blood pressure during exercise.
However, while the metaboreflex contribution to this reflex
is well characterized, less is known about the hemodynamic
effects of mechanoreflex activation.

3. Central Command

The Nobel Prize winning Krogh and his colleague Lindhard
[54] in their early seminal work were the first to propose the
concept that the motor cortex could influence the cardio-
vascular and ventilatory apparatus during exercise. Then, the
term “central command” was introduced and it was defined
as a “feed-forward mechanism involving parallel activation
of motor and cardiovascular centers” [55]. Coherently with
the definition, this nervous mechanism does not require
any feedback from peripheral muscle. Rather, the central
command and the exercise pressor reflex operate in parallel
to augment the sympathetic tone during exercise. However,
it should be underscored that while central command activa-
tion leads to both sympathoactivation and vagal withdrawal
[56, 57], this latter effect still has to be demonstrated for the
exercise pressor reflex.

It has been demonstrated that central command consists
of neural impulses from the motor cortex that irradiate to
autonomic neurons in the brain stem and that its activa-
tion establishes, at the onset of exercise, a basal level of

sympathetic and parasympathetic efferent activity closely
linked to the intensity of the exercise performed. Then,
this basic autonomic activity is further modulated by the
activation of the exercise pressor reflex [8–10, 16]. However,
the precise cortical site subserving this mechanism remains
unclear. While regions of the higher brain participating in
central command activity have been consistently identified
(i.e., premotor areas and supplementary motor areas) [58],
other brain areas are likely involved in the phenomenon.
In particular, studies with neuroimaging and using brain
stimulation during surgery have documented that other
regions of the brain participate in the cardiovascular regu-
lation during exercise. In detail, cerebellum, insula, anterior
cingulate cortex, medial prefrontal cortex, hippocampus,
thalamus, and possibly others have all been demonstrated
to be potentially involved in this mechanism and all may
take part in the circulatory adjustments to exercise [11, 58–
63]. Moreover, in recent investigations a key role for the
periaqueductal grey (PAG) in the neurocircuitry of central
command has been demonstrated, in particular for the lateral
and the dorsal lateral PAG. This substance is a functional
interface between the forebrain and lower brainstem and it is
activated during exercise [59, 63]. In a recent extensive review
it has been proposed that PAG fulfils many requirements of a
central command center [64].

Whilst it has been demonstrated that exercise pressor
reflex activation can regulate the main hemodynamic modu-
lators (i.e., heart rate, cardiac contractility, preload, and after-
load; see the exercise pressor reflex paragraph), fewer studies
have been conducted on the hemodynamic consequences of
central command activation, as most of them focused onHR,
blood pressure responses, and sympathetic-parasympathetic
balance, while less attention has been put on central hemo-
dynamics. It is well ascertained that central command can
increase HR and blood pressure by increasing sympathetic
and decreasing parasympathetic tone, respectively; however,
there are no investigations demonstrating any effect of central
command on cardiac contractility, preload, or afterload. This
is also because it is difficult to isolate the hemodynamic
adjustments due central command activity from those arising
from exercise pressor reflex. Further research is warranted to
better characterize this topic.

Summing up, central command is a feed-forward mech-
anism originating from several regions of the brain which
modulate autonomic functions on the basis of the motor
cortex activation. The typical consequence of its activation is
an increase in HR and blood pressure which occurs rapidly at
the beginning of exercise.

4. Baroreflex

Arterial baroreceptors are located at the medial-adventitial
border of blood vessels in the carotid sinus bifurcation
and aortic arch. They are pivotal in inducing the rapid
adjustments that occur during acute cardiovascular stress via
control overHR and peripheral vascular responses to changes
in arterial pressure [65, 66]. When arterial blood pressure is
elevated or reduced acutely, the baroreceptors are stretched or
compressed and this deformation of baroreceptors leads to an
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increase or decrease in afferent neuronal firing, respectively.
These afferent neural responses via baroreceptors result in
reflex-mediated systemic neural adjustments with changes
in sympathetic and parasympathetic nerve activities, which
affect both central (cardiac) and peripheral (vessels) circula-
tion in order to return arterial blood pressure to its original
operating pressure point.

4.1. Blood Pressure Regulation during Exercise. Since the
1960s, the effect of exercise on the arterial baroreflex func-
tion has been reported by many investigators [67–70]. In
particular, in earlier studies some investigators questioned
the functional role of the arterial baroreflex during exercise
[19, 71, 72]. It was believed that the directionally analogous
response of HR and arterial blood pressure (increase) to
dynamic exercise suggested that the baroreflex was altered
or inhibited because the baroreflex-mediated HR responses
should be the opposite to change in arterial blood pressure as
a negative feedback control system. Therefore, early research
suggested that the arterial baroreflex was “switched off” as
it was unnecessary for the cardiovascular adjustments to
exercise or alternatively that the sensitivity of the reflex was
significantly decreased during exercise to increase both HR
and arterial blood pressure [19, 70, 72]. Indeed, Iellamo et al.
[73, 74] reported that the sensitivity of the cardiac-arterial
baroreflex is gradually attenuated from rest to heavy dynamic
exercise. Potts et al. [75] were the first to report in humans
studies that the full baroreflex stimulus-response curve was
well preservedwithout itsmaximal sensitivity during increas-
ing exercise workload.These findings suggest that the carotid
baroreflex is reset during dynamic exercise and it functionally
operates around the exercise-induced increase in arterial
blood pressure. Ogoh et al. [76] investigated the physiological
mechanism of exercise-induced resetting of carotid barore-
flex by using the blockade of sympathetic or parasympathetic
nerve activity. In their study, the authors demonstrated that
the operating point of the cardiac carotid baroreflex was
progressively shifted and relocated in order to regulate the
prevailing arterial pressure by vagal withdrawal with reduced
sensitivity as compared to its maximum. These inconsistent
results are associated with the different methods of analysis.
The dynamic analysis of the previous studies (i.e., sequence
technique and transfer function analysis) shows only the part
of baroreflex function, for example, the baroreflex sensitivity
at the operating point but does not allow the determination of
the full baroreflex stimulus-response curve in the transition
from rest to mild, moderate, and heavy exercise workloads
[74, 76]. The upward and rightward shift of the stimulus-
response curve to the higher arterial blood pressure and
HR allows the baroreflex to operate at the prevailing arterial
blood pressure during exercise as effectively as operating at
rest, and it also preserves the reflex gain [19, 66, 72, 77].
Further information arises from additional studies showing
that this resetting occurs in direct relation to the intensity
of effort, without a change in sensitivity [75, 76, 78–80].
Nowadays, exercise-induced “resetting” of the baroreflex
function has been well established.

4.2. Why Is Baroreflex Resetting Important? The “resetting”
of the arterial baroreflex is essential to evoke and maintain
an effective autonomic nervous system modulation and an
adequate cardiovascular adjustment to exercise. In exercising
dogs, acute denervation of baroreceptors leads to overnormal
increase in arterial blood pressure [81]. Similar findings have
been reported in humans with surgically denervated carotid
baroreceptors. In these subjects, the arterial blood pressure
response to exercise is higher than in normal individuals
[82, 83]. In addition, when baroreflex activation was coun-
teracted by pharmacologically clamping blood pressure at
resting values and preventing the normal exercise-induced
increase in arterial blood pressure, a threefold increase in
sympathetic nerve activity during handgrip exercise was
observed, compared with a control exercise condition [84].
These findings provide proof that the baroreflex acts to finely
balance the opposing effects of sympathetic vasoconstriction
and metabolic vasodilation, and it also acts to partly restrain
the arterial blood pressure response to exercise by buffering
activation of the increase in sympathetic activity due to the
central command and the exercise pressor reflex.

In other words, if baroreflex function is impaired, then
there is an insufficient buffering of the sympathetic tone
during exercise. This fact would lead to augmented vaso-
constriction and it would lead to a larger increase in blood
pressure [19]. Moreover, it might also cause a reduction
in muscle blood flow and induce muscle ischemia, thereby
contributing to reductions in exercise tolerance [71].

4.3. Functional Sympatholysis and Baroreflex. It has been
consistently demonstrated that the full expression of sympa-
thetic activation is metabolically inhibited within exercising
tissue [85–91]. This phenomenon has been termed “func-
tional sympatholysis.” This metabolic-induced restraint of
sympathetic vasoconstriction is also related to the intensity
of the effort, as it becomes more evident at harder strains
[91–93]. It has been reported that mechanisms for functional
sympatholysis are associated with the production of several
metabolites, such as nitric oxide [88, 94, 95], adenosine,
and prostacyclin [96–98] as well as increases in muscle
temperature [99], hypoxia [100], andmetabolic acidosis [101].
Interestingly, baroreflex control of blood pressure is well
maintained from rest to heavy exercise notwithstanding the
attenuation of local vascular response to sympathetic activa-
tion in the active muscle. Previously, Keller et al. [102] exam-
ined the importance of baroreflex-mediated changes in leg
vascular conductance of exercising and nonexercising tissue
in the regulation of arterial blood pressure during one-legged
knee extension exercise in humans. In this study, carotid
baroreflex-mediated reduction in leg vascular conductance
to the sympathoexcitation was attenuated in the exercising
leg compared with resting condition or the nonexercising leg.
This finding indicates the presence of a modulation of sym-
pathetically mediated alterations in leg vascular conductance
within the active muscle during exercise. However, despite
the attenuation in sympathetic responsiveness (i.e., func-
tional sympatholysis) in the exercising leg, the gains between
percentage changes in muscle sympathetic nerve activity and
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absolute changes in leg vascular conductance were not differ-
ent in the exercising leg. Importantly, a 3- to 4-fold increase
in steady-state leg vascular conductance occurred during
exercise in the exercising leg. Therefore, a balance must exist
between baroreflex-mediated changes in conductance of a
given vascular bed and the influence of exercise-induced
attenuation of sympathetic vasoconstriction. Probably, this
balance permits a continuous increase in perfusion of the
exercising muscle together with a conserved ability of the
baroreflex to control vascular conductance which, ultimately,
allows maintaining blood pressure during exercise [102].
More importantly, changes in vasomotor, rather than in HR,
are the primary targets of the arterial baroreflex in order
to regulate arterial blood pressure during mild to heavy
dynamic exercise despite a functional sympatholysis [76].

5. Reflexes Interaction during Exercise

During exercise, exercise pressor reflex, central command,
and baroreflex are all activated and complex interaction
occurs between these reflexes. While it is well ascertained
that some redundancy and neural occlusion exist between
exercise pressor reflex and central command (i.e., their
effects do not sum), it is also remarkable that they can all
modulate the activity of the other two. The most studied
interaction is probably themodulation of baroreflex operated
by central command and exercise pressor reflex. In 1990
Rowell and O’Leary [10] proposed a hypothetical scheme
of the roles of central command and the exercise pressor
reflex in the resetting of the baroreflex during exercise.
Subsequently, Raven and colleagues confirmed in a series of
experiments this original hypothesis [19, 66, 72, 78]. Thus,
it is now well established that both central command and
the exercise pressor reflex are involved in the mechanism
of baroreflex resetting during exercise. Previous studies
that used the vibration technique [103], electrical muscle
stimulation [73, 104], partial axillary blockade [105], and
partial neuromuscular blockade [106] to manipulate central
command in humans demonstrated that selective increase
in central command activity relocates the carotid baroreflex
stimulus-response curve for both MAP and HR rightward
to higher arterial pressures and upward on the response
arm without changes in sensitivity. In addition, postexercise
muscle ischemia [107], lower positive pressure [108, 109],
and medical antishock [110] were used to identify the role
of the exercise pressure reflex in exercise-induced baroreflex
resetting. An enhanced activation of the exercise pressor
reflex relocated the carotid-mean arterial pressure stimulus-
response curve upward on the response arm and rightward
to higher arterial pressures. However, the exercise pressor
reflex only resets the carotid—cardiac stimulus—response
curve rightward to operate at higher arterial pressureswith no
upward resetting. Collectively, these previous investigations
identified that both central command and the exercise pressor
reflex might reset baroreflex during exercise.

Gallagher et al. [111] assessed the interactive relationship
between central command and the exercise pressor reflex
for the exercise-induced resetting of carotid baroreflex. In

this study, central command and exercise pressure reflex
weremanipulated by using neuromuscular blockade (vecuro-
nium) and antishock trousers, respectively. Interestingly,
exercise-induced baroreflex resetting was greater during the
combined enhanced activation of central command and the
exercise pressor reflex than during overactivation of either
input alone. This finding suggests that central command and
the exercise pressor reflex interact. As a consequence, signals
from one input facilitate signals from the other, resulting in
an accentuated resetting of the baroreflex during exercise.
Central command, as a feed-forward mechanism, is likely
to be the primary regulator of exercise-induced baroreflex
resetting, whereas the exercise pressor reflex operates mainly
as a feed-back mechanism.Thus, it exerts a more modulatory
role. Furthermore, it seems that both inputs interact and
are important for the complete exercise-induced baroreflex
resetting [66].

The interaction between reflexes clearly appears during
postexercise muscle ischemia (PEMI), a method usually
employed to study the cardiovascular effects of metaboreflex
activation [15, 33]. During PEMI, there is normally no HR
response notwithstanding the activation of exercise pressor
reflex and the augmented sympathetic activity. The absence
of HR response in this setting is the consequence of the
fact that the rise of sympathetic activity due to metaboreflex
activation is counteracted by the concomitantly augmented
parasympathetic outflow due to the central command deac-
tivation and the concomitant enhanced arterial baroreflex
activity that buffers the metaboreflex-mediated increase in
MAP [14, 17, 40, 112]. Thus, if the metaboreflex is activated
by the PEMI method, the elevated sympathetic activity to
sinus node is counteracted by enhanced parasympathetic
tone due to the withdrawal of central command and to the
sympathetic-buffering effect of baroreflex activation.This fact
is not evident when metaboreflex is activated during exercise
when central command is operating [40], thereby indicating
that central command acts as a modulator of baroreflex
activity during exercise.

Along with central command and exercise pressor
reflex, cardiopulmonary baroreflex can alsomodulate arterial
baroreflex during exercise. Cardiopulmonary baroreflex plays
a pivotal role in maintaining the exercise-induced increase
in blood pressure [113, 114]. Moreover, several studies have
shown the interaction between carotid and cardiopulmonary
baroreflexes. They indicated that unloading of the cardiopul-
monary baroreceptors enhanced maximal gain of carotid
baroreflex function at rest and during exercise [109, 115–
119]. Interestingly, alteration in cardiopulmonary barore-
ceptor load during dynamic exercise affects not only the
prevailing exercise-induced arterial blood pressure, but also
the resetting of the arterial baroreflex [120–122].

Ogoh et al. [122] increased central blood volume (car-
diopulmonary baroreceptor load) by increasing pedal fre-
quency to enhance the muscle pump at the same amount
of central command. Then, they demonstrated that the
magnitude of exercise-induced increases in arterial blood
pressure was reduced and carotid baroreflex reset leftward
and downward during dynamic exercise.Moreover, Volianitis
et al. [120] reported that when leg cycling was added to
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Figure 1: Interactions between the three main neural reflexes
operating during exercise. See text for more details.

arm-cranking exercise, arterial blood pressure was reduced
below that of arm exercise alone and resulted in relocation
of the operating point of the carotid baroreflex-MAP curve
to the lower arterial blood pressure despite greater activation
of central command and the exercise pressor reflex. These
findings suggest that input from cardiopulmonary barorecep-
tors can influence arterial baroreflex control during exercise.
In particular, cardiopulmonary baroreflex is associated with
the locus of the operating point of the baroreflex-mean
arterial pressure curve. Collectively, the cardiopulmonary
baroreflex also resets during physical activity to operate
around the exercise-induced increase in central blood volume
without a change in reflex sensitivity [123]. Therefore, these
results indicate that the cardiopulmonary baroreflex plays an
important role in baroreflex resetting during exercise and
it operates together with central command and the exercise
pressor reflex.

Interaction has also been demonstrated between central
command and the exercise pressor reflex. Indeed, some evi-
dence suggests that input from types III and IV muscle affer-
ence modulates the central command activity and exerts an
inhibitory effect on central motor drive. Furthermore, these
signals may influence the perception of effort [124]. In detail,
it has been demonstrated that attenuation of somatosensory
signals from the muscle obtained with epidural anesthesia,
which reduced afferent input, resulted in an increase in
central command activity. However, HR and blood pressure
responses were attenuated as compared to a normal exercise,
thereby suggesting that afferent feedback from the muscle
is essential in normal cardiovascular adjustments to exercise
[9, 124, 125].Therefore, it seems that central command cannot
work properly without adequate feedback from peripheral
muscle and that, at the same time, this feedback limits central
command and motor drive. However, this is quite a complex
issue and further research is warranted to better clarify the
complex interaction between central command and exercise
pressor reflex.

Figure 1 depicts the various interactions between reflexes
which are supposed to be operative during exercise.

6. Conclusions

In summary, cardiovascular regulation during exercise is
reached through the contemporary integration and inter-
action between input arising from motor cortex, skeletal
muscle receptors, and arterial baroreceptors. While it is well
ascertained that baroreflex activity is modulated by both
central command and exercise pressor reflex, less is known
about the interaction between central command and exercise
pressor reflex. Further research in this field is warranted.
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Objectives. Cardiac autonomic imbalance accompanies the progression of chronic heart failure (CHF). It is unclear whether exercise
training could modulate autonomic control in CHF. This study aimed to review systematically the effects of exercise training on
heart rate recovery (HRR) and heart rate variability (HRV) in patients with CHF.Methods. Literatures were systematically searched
in electronic databases and relevant references. Only published randomized controlled trials (RCTs) focusing on exercise training
for CHF were eligible for inclusion. Outcomemeasurements included HRR and HRV parameters. Results. Eight RCTs were eligible
for inclusion and provided data on 280 participants (186 men). The participants were 52–70 years of age with New York Heart
Association functional class II-III of CHF. Each study examined either aerobic or resistance exercise. Two trials addressed outcome
of HRR and six HRV among these studies. Two RCTs showed that moderate aerobic exercise could improve HRR at 2 minutes after
exercise training in CHF. Five of six RCTs demonstrated positive effects of exercise training on HRVwhich revealed the increments
in high frequency (HF) and decrements in LF (low frequency)/HF ratio after training. Conclusion. Participation in an exercise
training program has positive effects on cardiac autonomic balance in patients with CHF.

1. Introduction

Chronic heart failure (CHF), the common final stage of all
heart diseases with negative impact on prognosis, is increas-
ingly prevalent worldwide and is associated with significant
morbidity and mortality [1, 2]. Exercise intolerance is one
of the major symptoms of CHF which can be contributed
to several factors, including reduced cardiac output, cardiac
cachexia, and neurohormonal axis changes [3, 4]. Autonomic
imbalance includes increase in sympathetic tone, decrease in
parasympathetic activity, and depressed heart rate variability
(HRV) [5], which is a common clinical predictor of poor sur-
vival in CHF [6, 7]. Autonomic modulation is consequently
an important issue of modern heart failure management.

The heart rate response to exercise and recovery from
exercise depends on the dynamic interaction between the
sympathetic and parasympathetic nervous systems [8]. Heart

rate recovery (HRR) after exercise termination is mediated
by a combination of sympathetic withdrawal and parasym-
pathetic reactivation, primarily by vagal reactivation [9].
Slow HRR has been reported to be important in predicting
mortality in healthy individuals [10] and people with heart
failure [11]. HRR at 1 minute after exercise termination
(HRR

1
) was thus used as a simple measure indicative of

decreased autonomic nervous system activity [12]. HRV
is another noninvasive and easy-to-obtain measurement of
cardiac autonomic system function. HRV is defined as beat-
to-beat variations in heart rate of individuals in sinus rhythm
[13]. Reduced HRV generally indicates either failure or atten-
uation in the autonomic regulation of the sinoatrial node [13].
Although HRV and HRR do not directly measure autonomic
nervous activity, both are considered significant prognostic
indicators of mortality in CHF by evidence [14–16]. A variety
of drugs as well as numerous invasive procedures have been
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reported to effectively modify HRV. However, evidence of
its adverse events and sustained efficacy is lacking. In view
of large number of other drugs that patients with CHF
frequently take in conjunction with cardiac medication, an
evidence-based nondrug approach is of interest.

Current evidence has recommended exercise training as a
key component in the guidelines for secondary prevention of
CHF [17]. Research in exercise training confirmed significant
improvements of clinically relevant outcome parameters
such as exercise capacity, quality of life, and CHF related
hospitalization [18–20]. However, these studies were not
designed to exclusively address outcome parameters such as
HRV and HRR in patients with CHF. Aerobic exercise and
physical training have been shown to improveHRV in various
populations, such as athletes and sedentary individuals [21],
and patients with cardiovascular diseases [22]. Despite the
fact that exercise training is recommended as an adjunct to
clinical therapy in patients with CHF [17], limited published
data exist to evaluate HRV and HRR after exercise training
in CHF. Because of easy access and a low cost, exercise
training may be an alternative and favorable approach to
existing therapies for prevention and treatment of autonomic
imbalance among CHF populations.Therefore, our objective
of this systematic review was to investigate the effects of
exercise training on HRR and HRV in patients with CHF.

2. Methods

2.1. Identification and Selection of Trials. Five electronic
databases (PubMed, the Cumulative Index to Nursing and
Allied Health Literature [CINAHL], EMBASE, the Cochrane
Library, and Chinese Electronic Periodical Service [Airiti
Library]) from the earliest available date to March 2015
using various combinations of keywords for heart failure
(congestive heart failure, chronic heart failure), for exercise
(exercise training, physical training), and for autonomic (auto-
nomic function, heart rate recovery, heart rate variability) were
processed.We limited the search results to full-text articles in
English or Chinese.We then checked the reference lists of the
original and review articles that the initial search had yielded
in order to identify additional full-text articles.

The inclusion criteria are presented as follows.

Design

(i) Randomized trial.

Participants

(i) Chronic heart failure.
(ii) Ejection fraction < 40%.

Intervention

(i) Exercise training program (aerobic or resistance exer-
cise).

Outcome Measures

(i) Heart rate recovery.
(ii) Heart rate variability.

Control
(i) No training or usual care.

Randomized controlled trials (RCTs) eligible for subsequent
criteria were included in this systematic review. Interventions
were based exclusively on exercise training, aerobic or resis-
tance training modules alone, or the combination of both.
Trials were excluded if the group allocations are not pure
control group of CHF patients versus an exercise group and
if the other forms of physical therapy were applied.

Two reviewers (Hsieh and Hsu) independently reviewed
the articles to determine whether the articles met the prede-
termined eligibility criteria.The results were rechecked by the
senior authors (Hsiao and Chien), and all reviewers resolved
any disagreement and ambiguous or equivocal information
through discussion and writing letter of confirmation to
the authors to reach a consensus in every relevant detail.
In cases of multiple publications arising from a single trial,
only the report that contained the most detailed, updated,
and quantified information regarding both intervention and
outcomes was included.

2.2. Assessment of Characteristics of Trials

Quality. The methodological quality of the selected trials was
independently assessed by two reviewers (Hsieh and Hsu)
using the Physiotherapy Evidence Database (PEDro) scale.
Any disagreement with regard to methodological quality was
resolved through discussion and consensus.

Participants. Demographic data such as age, gender, New
York Heart Association (NYHA) functional class, and ejec-
tion fraction (EF) were recorded to characterize the trials and
to determine the homogeneity of participants between groups
and between trials.

Intervention.The target intensity, duration, frequency and the
total period of time for exercise training program, and the
nature of the control group were recorded.

Outcome Measures. The measured outcomes we considered
were HRR at 1 or 2minutes after exercise termination (HRR

1
,

HRR
2
) and time domain of HRV (RR interval, standard

deviation of all RR intervals [SDNN], root mean square of
difference in RR intervals [RMSSD]), and percentage differ-
ence between adjacent NN intervals (pNN) and frequency
domain of HRV (high frequency (HF), low frequency (LF),
and LF/HF ratio).

3. Results
3.1. Flow of Studies through the Review. Initially, 231 studies
have been identified through the database search of which
16 were considered potentially relevant and respected the
previously mentioned inclusion criteria. Out of these, 8
eligible articles were retained for further systematic review
after the screening of titles and abstracts [23–30]. Eight
articleswere subsequently excluded inwhich 4 trials had their
control groups engaged in some forms of exercise [31–34], 2
trials had no control group [35, 36], and 2 trials had control
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Table 1: PEDro scores for included trials (𝑛 = 8).

Trials Random
allocation

Concealed
allocation

Groups
similar at
baseline

Participant
blinding

Therapist
blinding

Assessor
blinding

<15%
dropouts

Intention-
to-treat
analysis

Between-
group

difference
reported

Point
estimate
and

variability
reported

Total
(0 to
10)

Myers et al.,
2007 [23] Y N Y N N Y Y Y Y Y 7/10

Yaylali et al.,
2015 [24] Y N Y N N Y Y Y Y Y 7/10

Selig et al., 2004
[25] Y N Y N N Y N N Y Y 5/10

Murad et al.,
2012 [26] Y N Y N N Y Y Y Y Y 7/10

Ricca-Mallada
et al., 2012 [27] Y N Y N N Y Y Y Y Y 7/10

Kiilavuori et al.,
1995 [28] Y N Y N N Y Y Y Y Y 7/10

Yeh et al., 2008
[29] Y N Y N N Y Y Y Y Y 7/10

Cider et al., 1997
[30] Y N N N N Y Y Y Y N 5/10

N = no; Y = yes.

groups of normal healthy participants that did not meet the
inclusion criteria [37, 38] (Figure 1). No additional articles
were identified by the scanning of reference lists. Therefore
8 trials were included in the analysis.

3.2. Characteristics of Included Trials. The methodological
quality of selected trials assessed by the PEDro scale is shown
in Table 1 and a summary of the trials is presented in Table 2.

Quality. Based on the quality of PEDro scale for methodolog-
ical quality assessment, the RCTs included in this systematic
review are of good quality with six trials scoring 7/10 [23, 24,
26–29] and two trials with fair scoring of 5/10 [25, 30]. No
trial blinded participants or therapists, while all trials blinded
assessors.Most trials had retention rates of 85%or greater and
reported between-group differences with point estimates and
measures of variability (Table 1).

Participants. The eight included trials involved 280 partici-
pants (186 men and 94 women) with sample sizes averaged
from 20 to 66 for each study. The majority of the patients
were 52–70 years of mean age with at least 6-month diagnosis
and treatment of CHF. The subsets of the diagnosis included
ischemic, coronary artery, hypertensive, valvular heart dis-
ease, and idiopathic dilated cardiomyopathy. Except for 3
trials [23, 27, 29], all the other trials contain patients with
NYHA functional class II-III with their EF < 40%. Their
comorbidity included hypertension, diabetes, coronary heart
disease, prior myocardial infarction, and coronary bypass
grafting.The pharmacological therapy included angiotensin-
converting enzyme inhibitors, beta-blockers, statins, digoxin,
and diuretics.

Interventions. Six trials examined supervised aerobic exercise
(walking, cycling ergometer, or Tai Chi) [23, 24, 26–29] and

Papers excluded after screening 

Potentially relevant papers retrieved for

Papers excluded after evaluation of full text

Titles and abstracts screened from 
electronic searches (n = 231)

Studies included in systemic review (n = 8)

(iii) Healthy control group (n = 2)

(ii) No control group (n = 2)

(i) Control group received other types of 
training (n = 4)

(n = 8)

evaluation of full text (n = 16)

(ii) Otherwise ineligible (n = 28)

(i) Not randomized (n = 187)

titles/abstracts (n = 215)

Figure 1: Trial flow diagram of this systemic review.

two examined supervised resistance training (multistation
hydraulic resistance training or circuit weight training) [25,
30]. The duration of the trials was between 8 and 24 weeks,
most trials with 12 weeks. Exercise time for each session of
the trials varied from 30 minutes to 1 hour. The frequency
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Table 2: Overview of included randomized control trials (𝑛 = 8).

Study Participants Intervention Outcome measures Main results

Myers et al., 2007 [23]

CHF (EF < 40%)
Ex: 𝑛 = 12men, aged 56 ± 5
years
Con: 𝑛 = 12men, aged 55 ±
7 years

Exercise: supervised
hospital-based exercise
training 1-hour walking and
45min cycling, 5x/wk for 8
weeks at 60%–80% of heart
rate reserve
Control: usual care

HRR1–6

Exercise group got
significant improvements
in HRR

2–6

Yaylali et al., 2015 [24]

CHF (EF < 45%, NYHA
II-III)
Interval: 𝑛 = 13men, 4
women, aged 63.7 ± 8.8
years
Continuous: 𝑛 = 13men,
aged 59.6 ± 6.8 years
Con: 𝑛 = 9men, 2 women,
aged 60.6 ± 9.9 years

Exercise 1 (interval
training): 30 minutes of
cycle ergometer aerobic
exercise 3x/wk for 12 weeks
at 50%–75% HRR
Exercise 2 (continuous
training): exercise protocol
similar to interval training
group without resting
intervals
Control: continued with
ADL

HRR
1
, HRR

2

Interval training group got
significant improvements
in HRR

2
.

Unchanged HRR
1

irrespective of any groups

Selig et al., 2004 [25]

CHF (EF < 40%, NYHA
II-III)
Ex: 𝑛 = 15men, 4 women,
aged 65 ± 13 years
Con: 𝑛 = 18men, 2 women,
aged 64 ± 9 years

Exercise: supervised
hospital-based 1-hour
multistation hydraulic
moderate intensity
(according to heart rate
monitoring) resistance
training, 3x/wk for 3
months
Control: usual care

Short-run rest ECG
HRV: RR interval,
SDNN, RMSSD, LFnu,
HFnu, and LF/HF

Exercise group got
significant decreases in LF,
HF, and LF/HF after
training

Murad et al., 2012 [26]

CHF (EF < 40%, NYHA
II-III)
Ex: 𝑛 = 11men, 20 women,
aged 68.0 ± 4.8 years
Con: 𝑛 = 13men, 22
women, aged 70.1 ± 5.6
years

Exercise: supervised
hospital-based 1-hour
walking and 15–20 minutes
of cycling exercise training,
3x/wk for 16 weeks at
40%–50% to 60%–70%
heart rate reserve
Control: monitored with
phone calls every 2 weeks

Short-run rest ECG
HRV: SDNN, RMSSD

Exercise group showed
significant increases in
SDNN and RMSSD
compared to controls

Ricca-Mallada et al.,
2012 [27]

CHF (EF ≦ 40%, NYHA
I-II)
Ex: 𝑛 = 8men, 2 women,
aged 59.0 ± 7.9 years
Con: 𝑛 = 8men, 2 women,
aged 56.5 ± 8.4 years

Exercise: supervised
hospital-based 55-minute
circuit bicycle resistance
training, 3x/wk for 24
weeks at 50%–80% of HR
reserve
Control: usual medication

Short-run rest ECG
HRV: RR interval,
SDNN, LF, HF, and
LF/HF

Exercise group got
significant increases of
mean RR interval, HF, and
LF after training

Kilavuori et al., 1995
[28]

CHF (EF < 40%, NYHA
II-III)
Ex: 𝑛 = 8men, aged 52 ± 8
years
Con: 𝑛 = 11men, 1 woman,
aged 52 ± 10 years

Exercise: supervised
hospital-based ergometer
cycling for 30 minutes,
3x/wk for 3 months at
50%–60% of VO

2max
Control: no changing
normal ADL

20 h Holter HRV: HF,
LF, VLF, LF/HF, and
VLF/HF

Exercise group got
significant changes in HF,
VLF/HF, and LF/HF during
the day

Yeh et al., 2008 [29]

CHF (EF ≦ 40%, NYHA
I–IV)
Ex: 𝑛 = 10men, 5 women,
aged 66 ± 12 years
Con: 𝑛 = 9men, 6 women,
aged 61 ± 14 years

Exercise: supervised
hospital-based Tai Chi
training (1 hour), 2x/wk for
12 weeks
Control: usual care

24-hour Holter HRV:
SDNN, RMSSD,
pNN10–50, LF, HF,
and LF/HF

Exercise group showed
trends towards increased
pNN10–50 values during
sleep, but not in the control
group
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Table 2: Continued.

Study Participants Intervention Outcome measures Main results

Cider et al., 1997 [30]

CHF (NYHA II-III)
Ex: 𝑛 = 9men, 12 women,
aged 61.8 ± 9.8 years
Con: 𝑛 = 7men, 12 women,
aged 64.7 ± 5.3 years

Exercise: supervised
hospital-based 60-minute
circuit weight training at
60% 1-RM for 2 sets,
2x/week for 20 weeks
Control: usual care

24-hour Holter HRV:
time/frequency
domain parameters

No significant difference
between the two groups in
all HRV parameters

ADL: activities of daily living; CHF: chronic heart failure; ECG: electrocardiogram; EF: ejection fraction; HRR: heart rate recovery; HRV: heart rate variability;
NYHA: New York Heart Association; pNN10–50: percentage difference between adjacent NN intervals that are greater than 10–50ms; SDNN: standard
deviation of all RR intervals; RMSSD: rootmean square of difference in RR intervals; LF: low frequency; HF: high frequency; VLF: very-low frequency;VO2max:
maximal oxygen consumption.

of exercise programs was between 2 and 5 times per week,
most trials with 3 times per week. The control groups in all
the trials received either no treatment or health education.
Most aerobic exercise programs examined were of moderate
intensity, instructing the participants to reach 50% to 80% of
their heart rate reserve or peak oxygen consumption for 20 to
60 minutes (Table 2).

3.3. Effect of Exercise Training on HRR and HRV

3.3.1. Trials with HRR as OutcomeMeasure for Exercise Train-
ing. Two trials investigated the effects of exercise training on
HRR [23, 24]. Out of that, one trial evaluated both HRR

1

and HRR
2
[24], and the other utilized HRR

1–6 as outcome
measures [23]. These 2 trials employed 8- and 12-week mod-
erate intensity aerobic exercise training program. The results
of both trials showed no significant effect on HRR

1
; however,

their HRR
2
manifested significant improvement (10.9 and

24 bpm, resp., 𝑃 < 0.05). The results of study by Myers et
al. [23] even showed statistically significant improvement in
HRR
2–6 (𝑃 < 0.05). In summary, it was shown that moderate

intensity aerobic exercise training improved HRR in patients
with CHF.

3.3.2. Trials with HRV as OutcomeMeasure for Exercise Train-
ing. Six RCTs investigated the effects of exercise training
on HRV in which 3 trials employed short-term recordings
of HRV [25–27] while 3 others employed 20- to 24-hour
Holter electrocardiogram (ECG) recordings of HRV [28–
30]. Four out of the 6 trials analyzed HRV parameters in
both time and frequency domains. One trial utilized only
time domain analysis [26] and one frequency domain [27].
Five trials (4 aerobic exercise program and one resistance
exercise program) showed some improvements in time and
frequency domain HRV parameters. A significant increase in
both SDNN and RMSSD (15.46 and 17.56ms, resp., 𝑃 < 0.05)
after exercise training was reported [26]. In addition, several
studies revealed the increments inHF as well as the reduction
in LF/HF ratio after exercise training in patients with CHF
[25, 27, 28]. Only one trial which consisted of resistance
training andHRVparameters obtained by 24-hourHolter did
not find any significant change of HRV after exercise training
[30]. In an overview of the results, moderate intensity aerobic
exercise training was effective to ameliorate HRV in patients
with CHF.

3.3.3. Adverse Events. No adverse event relevant to exercise
training during these trials occurred or was reported.

4. Discussion

This was the first systematic review providing a compre-
hensive survey of RCTs which examined the effects of exer-
cise training on autonomic function in patients with CHF.
Although the heterogeneity of HRV parameters restricted
the direct pooled analysis, the results derived from fair to
good quality evidence indicated that participation in exercise
training programs which consisted of moderate intensity
aerobic exercise had beneficial effects on autonomic function,
as indicated by increases in HRR as well as HRV parameters.
Since both slow HRR and attenuated HRV predict adverse
health outcomes in patients with CHF, optimal exercise
prescription should not only aim to improve exercise capacity
but also focus on autonomic function in patients with
CHF. Physical training could be considered as an alternative
approach for autonomic dysfunction in patients with CHF.

The ability of heart rate to recover after exercise is related
to the capacity of the cardiovascular system mediated by
vagal activity and baroreceptor adaptations that occur during
exercise [9]. HRR can be an additional indicator of outcome
measures and risk stratification in patients undergoing car-
diac rehabilitation [23]. This systematic review showed that
moderate-intensity aerobic exercise training was effective
in improving HRR, especially HRR

2
. It was reported that

HRR
1
is considered a marker of cardiac parasympathetic

outflow, and HRR
2
is thought to be related to the gradual

withdrawal of sympathetic activity [39]. Both parameters
are of considerable importance to cardiac patients. However,
HRR
2
was reported to be superior to all other time periods as

a mortality predictor [40].
The magnitude of improvement of HRR seemed to be

associated with the improvements in fitness levels of the
patients [24]. Several studies have reported that changes in
HRR were attributed to a greater heart rate reserve after
training [23, 41] but do not negate the potential influence
of training on autonomic balance. An increase in vagal tone
after training is implied by the reduction in resting heart rate,
and the higher peak heart rate suggests enhanced sympathetic
drive, lowered vagal influence, or both at peak exertion
during exercise.These all indicated exercise training provided
a benefit to autonomic control.
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Reduced HRV in patients with CHF is often thought
to be related to neurohormonal activation and attenuation
of cardiac vagal tone [5, 16]. Different HRV assessment
contexts (e.g., short-term versus 24-hour recordings) seemed
to have some influences on the results. The effect of exercise
training was likely to be more prominent in the studies
utilizing a short-term resting ECG recording in our included
trials. The time domain HRV parameters reflect overall
autonomic modulation with parasympathetic components
well represented by the RMSSD and pNN50 parameter. In
frequency domain HRV analysis, it is generally accepted that
the HF is reflective of parasympathetic activity, while the LF
reflects both sympathetic and parasympathetic activity and
is now believed to represent baroreflex sensitivity instead of
sympathetic modulation [42, 43]. Sympathovagal balance is
frequently described by LF/HF ratio. Recently, LF/HF ratio
represents a relationship between baroreflex sensitivity and
vagal modulation rather than sympathovagal balance [44].
There is no HRV parameter reflecting directly sympathetic
activationmodulation.The results of this review revealed that
exercise training has considerable effects on HRV in patients
with CHF, including increase in vagal tone and modulation
of sympathovagal balance activity.

Two out of the 8 RCTs employed resistance exercise
and 6 trials employed moderate-intensity aerobic exercise
training. Most of these results showed positive exercise
training effect on the autonomic nervous system regulation
in CHF. Only one trial did not show the effect of HRV after
exercise consisting of resistance training in these trials [30].
Therefore, moderate intensity aerobic training is currently
evidenced as the main adjunct in improving autonomous
regulatory function in CHF. However, there were different
studies addressing the effects of different intensities of aerobic
exercise on autonomic function in CHF. Dimopoulos and
colleagues [31] conducted a study to compare the effects of
moderate intensity continuous exercise and high intensity
interval exercise (100%peakwork rate for 30 s and alternating
with rest for 30 s) training on HRR

1
in patients with CHF.

This study was not eligible for inclusion because they did
not include a real control group. There were 24 stable
CHF patients who completed a rehabilitation program of
36 sessions, three times per week. The results showed that
moderate intensity continuous exercise rather than high
intensity interval exercise training improved early HRR

1
.

Future studies should pay more attention to the issues about
optimal exercise intensity. On the other hand, more studies
are required to investigate the effects of resistance exercise
training in this population.

In addition to exercise intensity, the training duration
would be the other possible factors affecting the effects of
exercise program for autonomic function. The mean follow-
up duration in our included clinical trials was relatively short
(ranging from 12 to 24 weeks). A longer follow-up duration
after exercise training might amount to some contrasting
effects on HRV and HRR since it has been suggested that
CHF patients may require more time to achieve modulation
of autonomic tone and responsiveness [24, 45].

Due to a great variability of evaluation tools and analytical
methodology across trials, direct comparison and pooling

of the data was restricted. We calculated the effect sizes
of some of the included RCTs, but not all, because some
trials did not report the detail data. Generally, the studies
eligible for inclusion into our systematic review showed
that exercise training improved autonomic function within
moderate effect sizes ranging from 0.49 [24] to 0.70 [27].
More studies with larger effect sizes are needed to provide
better evidence.

The mechanisms by which exercise improves autonomic
function are notwell understood. Somemediators are consid-
ered to play a role in increasing cardiac vagal tone in response
to exercise training [46, 47]. Nitric oxide (NO) is thought
to have an effect on cardiac vagal tone and sympathetic
influence; on the other side, angiotensin II is a known
inhibitor of cardiac vagal activity. Exercise training has been
shown to improve NO bioavailability and lower angiotensin
II levels [46, 47]. In addition, recent studies have shown
that chronic inflammation affected the autonomic nervous
system [48]. Interleukin-6 may affect autonomic balance
by disturbing the hypothalamic-pituitary-adrenal axis at the
level of the pituitary and adrenal glands [49]. The anti-
inflammatory effects of exercise training might be a possible
mechanism by which exercise improves autonomic function.
Nevertheless, future studies are needed to explore this issue.

5. Limitations

The systematic review combined the results of different
studies; nevertheless, several limitations in generalizing the
findings must be acknowledged. First, a relatively small
number of trials, all of which included a relatively small
sample size, were examined. Second, trials reported in lan-
guages other than English and Chinese were excluded, as
were trials reported only as abstracts. These exclusions may
have led to publication bias. Third, considerable variations in
the parameters analyzed and the HRV assessment contexts
(e.g., short-term versus long-term recordings of HRV) all
restricted direct comparisons of the data and pooled analysis.
Finally, the exercise modes, intensity, and duration varied
among trials that hindered determination of the optimal
exercise prescription parameters on HRR and HRV.

6. Implications and Recommendations for
Future Study

According to the results of this systematic review, moderate-
intensity aerobic training utilizingwalking or bicycle ergome-
ter in 50–80% of heart rate reserve, 30 minutes to 1 hour, 3 to
5 times per week for at least 12 weeks may be recommended
for amelioration of the autonomic regulation in people with
CHF. Further research could examine additional aspects
of the effects of exercise training in this population, for
example, the impact on the responses to exercise training
under different levels of severity and the underlying causes
of CHF. A threshold intensity or amount of exercise may be
needed to affect cardiac autonomic function. The type of the
exercise, such as high-intensity interval aerobic training or
resistance training, may also influence the obtained effects.
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7. Conclusion

HRR and HRV analysis provide noninvasive indicators to
reveal the changes in the autonomic nervous system at rest
and in response to physical activity in patients with CHF.
This systematic review indicated that participation in exercise
training has beneficial effects on ameliorating autonomic
dysfunction in peoplewithCHF. Large-scale, well-controlled,
and longitudinal studies are needed to provide more evi-
dence and further examine mechanisms that underlie the
links between the effects of exercise training and autonomic
function in CHF.
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The effects of light intensity physical activity (LIPA) on cardiovascular disease (CVD) risk factors remain to be established.
This review summarizes the effects of LIPA on CVD risk factors and CVD-related markers in adults. A systematic search of
four electronic databases (PubMed, Academic Search Complete, SPORTDiscus, and CINAHL) examining LIPA and CVD risk
factors (body composition, blood pressure, glucose, insulin, glycosylated hemoglobin, and lipid profile) and CVD-related markers
(maximal oxygen uptake, heart rate, C-reactive protein, interleukin-6, tumor necrosis factor-alpha, and tumor necrosis factor
receptors 1 and 2) published between 1970 and 2015 was performed on 15 March 2015. A total of 33 intervention studies examining
the effect of LIPA on CVD risk factors and markers were included in this review. Results indicated that LIPA did not improve CVD
risk factors and CVD-related markers in healthy individuals. LIPA was found to improve systolic and diastolic blood pressure in
physically inactive populations with a medical condition. Reviewed studies show little support for the role of LIPA to reduce CVD
risk factors. Many of the included studies were of low to fair study quality and used low doses of LIPA. Further studies are needed
to establish the value of LIPA in reducing CVD risk.

1. Introduction

Cardiovascular disease (CVD) remains the leading cause
of death worldwide [1]. Several biological risk factors, such
as male gender, family history of heart disease, high blood
pressure (BP), dyslipidemia, obesity, glucose abnormalities,
insulin resistance, and lifestyle risk factors, such as smoking,
poor diet, lack of physical activity, low cardiorespiratory
fitness, excessive alcohol use, and stress, are associated with
the development and progression of CVD [2, 3]. Notably,
these lifestyle risk factors strongly influence the established
biological CVD risk factors and also affect novel pathways of
risk such as inflammation [4]. For instance, physical activity
and cardiorespiratory fitness (measured by maximal oxygen
consumption (VO

2
max) and heart rate (HR)) are known

to improve a number of traditional biological risk factors
for CVD, including BP [5], high-density lipoprotein (HDL)
cholesterol [6], body fat [7], and novel risk factors such as C-
reactive protein (CRP) levels [8].

There is excellent evidence that physical activity, par-
ticularly moderate-to-vigorous intensity physical activity
(MVPA), is effective in the prevention and treatment of
CVD [9, 10]. The existing public health guidelines emphasize
participation in MVPA to achieve health benefits [9, 10].
However, the view that physical activity has to be moderate
to vigorous to achieve cardiovascular risk reduction has been
questioned [11]. It is suggested that physical activity per-
formed at light intensity level can also provide health benefits
[12, 13]. As such, although early studies demonstrate that light
intensity physical activity (LIPA) (20 < 40% VO

2
max [14])

Hindawi Publishing Corporation
BioMed Research International
Volume 2015, Article ID 596367, 10 pages
http://dx.doi.org/10.1155/2015/596367

http://dx.doi.org/10.1155/2015/596367


2 BioMed Research International

Records identified through database

Articles included from PubMed

Excluded based on duplication, title, and

Studies excluded based on full text review

no quantitative analysis between light intensity
activity and outcome measures, and light
intensity activity is not quantified

Articles included in this review

Additional articles identified through

searching PubMed (n = 760),
Academic Search Complete (n = 200),

SPORTDiscus (n = 119), and CINAHL
(n = 52)

abstract (n = 871)

Full text articles retrieved (n = 260)

(n = 229): did not meet inclusion criteria, there is

search (n = 31)

other sources (n = 2)

(n = 33)

total n = 1,131

Figure 1: Flow diagram of study selection.

is not associated with reduced CVD and overall mortality
rates [15, 16], there is growing recognition of the potential
for LIPA to reduce disease risk, particularly CVD [17]. This
is emphasized by cross-sectional studies demonstrating that
LIPA is associated with CVD risk factors [12, 13, 18]. LIPA
is important to understand, from a health perspective, as
adults tend to spend a greater portion of their day (6.5 hr/day
[13, 14]) performing LIPA compared to MVPA (0.7 hr/day
[13, 14]). Many people often find it more attractive and
attainable to perform LIPA thanMVPA (40 < 85% VO

2
max)

[19]. Furthermore, recent evidence suggests that muscle fiber
recruitment during LIPA may potentially produce cellular
signals which may regulate risk factors for disease [20].

As a result, clarifying the role of LIPA in CVD preven-
tion is important given the amount of time people spend
engaged in light intensity activities and its potential as an
intervention target. To date, there has been no comprehensive
review of literature describing the role of LIPA on CVD risk
factors. Therefore, the aim of this review is to systematically
examine the effects of LIPA on CVD risk factors (body
composition, BP, glucose, insulin, glycosylated hemoglobin,
total cholesterol, low-density lipoprotein (LDL) cholesterol,
HDL cholesterol, and triglycerides) and other CVD-related
markers (VO

2
max, HR, CRP, interleukin-6, tumor necrosis

factor- (TNF-) alpha, TNF receptor 1 (TNFR1), and TNF
receptor 2 (TNFR2)) in adults.

2. Methods

A systematic search was performed on 15 March 2015
according to PRISMA guidelines [21]. Articles were retrieved
from PubMed, Academic Search Complete, SPORTDiscus,
and CINAHL using multiple search criteria provided in
Supplementary Table 1 in Supplementary Material available
online at http://dx.doi.org/10.1155/2015/596367. Initially, titles
and abstracts of identified articles were checked for relevance
by two reviewers (RB and PT). Subsequently, both reviewers
independently reviewed the full text of potentially eligible
papers. Any disagreement between the two reviewers for
inclusion was resolved through discussion. Additional arti-
cles were identified via hand-searching and reviewing the
reference lists of relevant papers. Figure 1 presents the flow
of papers through the study selection process.

Studies were considered to be eligible for inclusion based
on the following criteria: (i) participants were ≥ 18 years of
age; (ii) the study examined at least one of the following
CVD risk factors/markers in humans: body mass, body mass
index (BMI), waist circumference (WC), hip circumference,
waist-to-hip ratio (WHR), % body fat, HR, BP, VO

2
max,

glucose (fasting or postprandial), glycosylated hemoglobin,
insulin, total cholesterol, HDL cholesterol, LDL cholesterol,
triglycerides, CRP, interleukin-6, TNF-alpha, TNF recep-
tor 1, or TNF receptor 2 levels; (iii) the study reported
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an intervention (both randomized and nonrandomized) that
imposed on participants a single or periodic bouts of LIPA
defined as activities between 1.6 < 3.0METs, 20 < 40% VO

2

max, and 20 < 40% heart rate reserve (HRR) or the relative
intensity of 40 < 55%HRmax [14, 22]; (iv) the study included
quantitative analysis (statistical comparison of intervention
to baseline or a control group) of the effect of LIPA on
at least one of the outcome measures; (v) the study was
published or accepted for publication in refereed journals
from 1970 up to and including the search date; (vi) the study
was published in the English language. Due to the lack of a
standardized definition of LIPA for resistance training, only
aerobic/flexibility exercises were included in the study.

Two authors (RB and PT) independently assessed the
quality of the studies that met the inclusion criteria (Table 1).
The risk of bias and strength of evidence from individual
studies were assessed using Downs and Black Checklist [23],
allowing for the assessment of the methodological quality
of randomized controlled trials and nonrandomized studies
of health care interventions. This 27-point checklist assesses
the strength of reporting, external validity, internal validity,
and statistical power. As some questions are worth more
than one point, the maximum score that can be received is
32. Adapted from another systematic review [24], the score
obtained by each study was divided by 32 and multiplied by
100 to provide a “study quality percentage.” Study quality
percentages were then classified as high (66.7% or higher),
fair (between 50.0 and 66.6%), and low (less than 50.0%)
[24].

Following data extraction, the interventions included
in this review were heterogeneous in terms of the type,
frequency, and duration of physical activities, as well as body
mass, physical fitness, and dietary intake of the participants.
Thus, meta-analyses or pooling of data across studies would
be inappropriate so a qualitative synthesis of the evidence was
performed instead.

A modified form of coding system described by Sallis
et al. [25] was used to summarize the effect of LIPA on
CVD risk factors/markers. If 0–33% of the studies reported
a statistically significant difference between LIPA and CVD
risk factors/markers, the result was categorized as no effect
(0). If 34–59% of the studies reported a statistically significant
difference, the result was categorized as inconsistent (?). If
60–100% of the studies reported a statistically significant
difference, the result was rated as positive (+) or negative
(−), respective of the direction of the effect. When four or
more studies supported a difference or no difference, it was
coded as ++, −−, or 00 to indicate consistent observations.
The ?? code indicated a marker that has been examined in
four or more studies with inconsistent findings (e.g., out of 5
studies, 3 indicated a significant positive effect and 2 indicated
a significant negative effect).

Results were then stratified by health status of the popu-
lation (healthy or those with a medical condition). Studies in
which participant physical activity was less than 150min/wk
of moderate intensity physical activity or 75min/wk of
vigorous intensity physical activity or participants were not
engaged in regular physical activity/exercise (as described in
the primary study) or participants were defined as sedentary

were subsequently classified as “physically inactive” and the
results are summarized separately for these studies.

3. Results

General study characteristics are summarized in Table 1;
more detailed study characteristics are presented in Supple-
mentary Table 2. All studies had LIPA intervention with the
number of study participants in the LIPA group ranging
from 𝑛 = 6–39. Participants were primarily young, adult,
and males (18–39 years old). Duration of LIPA interventions
ranged from an acute bout of training lasting 5 minutes to
chronic training lasting 30min per session, 3 times per week,
for 9months.The exercisemodalities involved stretching and
calisthenics (𝑛 = 1), hand rim wheelchair training (𝑛 = 1),
yoga (𝑛 = 1), standing (𝑛 = 2), slow flexibility exercises
(𝑛 = 3), stationary cycling (𝑛 = 7), and slow home/outdoor or
treadmill walking (𝑛 = 18). Fifteen [26–40] of the 33 reviewed
studies had participants classified as overweight or obese
and 7 studies [31, 33, 34, 36, 41–43] consisted of participants
suffering from medical conditions (hypertension, diabetes
mellitus, chronic heart failure, gestational diabetes, colorectal
cancer, metabolic syndrome, and HIV infection).

Studies included in this review were assigned a quality
rating.The study quality was rated low in 11 studies, fair in 20
studies, and high in 2 studies. Over 90% of the studies scored
1 point for defining study objectives, describing exposure and
outcome variables, utilizing random sampling of the target
population, providing data sources, and describing the data
collection process. Seventeen studies (51%) [26, 34, 36, 39, 42,
44–55] did not describe participant recruitmentmethods and
10 studies (30%) [26, 40, 44, 46–52] did not report inclusion
criteria. Five studies (15%) [33, 34, 41, 56] did not report com-
pliance rates. Of the studies that reported compliance, com-
pliance was generally good with participants completing 81%
to 100%of the activity sessions implemented per study design.
Six studies [26, 31, 35, 38–40] reported power calculations
relevant to their study aims. All but 4 studies [26, 30, 31, 33]
performed the activity sessions in a laboratory/clinic directly
supervised by a research staff. Those not conducted in the
laboratory, light intensity activity was performed outdoors/at
home with participants monitoring their own HR.

A summary table of the effect of LIPA on CVD risk
factors and markers can be found in Table 2; the effects of
LIPA on CVD risk factors/markers reported in each study are
presented in Supplementary Table 3. Results demonstrated
LIPA training interventions to have no significant effect
on markers of body composition in physically inactive or
healthy, with a medical condition, adults. All studies that
examined the effect of LIPA on body mass [26, 29, 35, 53],
WC [31, 32, 35, 41], BMI [26, 31, 32, 41], and % body fat
[30, 32] reported no significant change. LIPA was found to
have no effect on systolic or diastolic BP in healthy adults
while improvements in BP were found in physically inactive
populations with a medical condition. Three [31, 32, 39]
of 9 studies (33%) reported significant decreases in systolic
BP while 2 [31, 39] of 9 studies (22%) reported significant
decreases in diastolic BP.
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Table 2: Summary of studies examining the effect of LIPA on CVD risk factors and CVD-related markers.

Marker
Summary coding of studies

involving physically
inactive population

Summary coding of studies
involving populations with

a medical condition

Summary coding of studies
involving healthy

population

Summary coding of all
included studies

CVD risk factors 𝑛/𝑁

(%)a,b,c
Effect

(0/−/+/?)d
𝑛/𝑁

(%)a,b,c
Effect

(0/−/+/?)d
𝑛/𝑁

(%)a,b,c
Effect

(0/−/+/?)d 𝑛/𝑁 (%)a,b,c Effect
(0/−/+/?)d

Body mass 0/4 (0%) No (00) 0/0 (0%) NA 0/4 (0%) No (00) 0/5 (0%) No (00)
WC 0/3 (0%) No (0) 0/2 (0%) No (0) 0/0 (0%) NA 0/4 (0%) No (00)
BMI 0/3 (0%) No (0) 0/2 (0%) No (0) 0/0 (0%) NA 0/4 (0%) No (00)
% BF 0/2 (0%) No (0) 0/0 (0%) NA 0/0 (0%) NA 0/2 (0%) No (0)
Systolic BP 3/5 (60%) Positive (++) 2/3 (67%) Positive (+) 0/5 (0%) No (00) 3/9 (33%) No (00)

Diastolic BP 2/5 (40%) Inconsistent
(??) 2/3 (67%) Positive (+) 0/5 (0%) No (00) 2/9 (22%) No (00)

Glucose 1/8 (12%) No (00) 1/3 (33%) No (0) 0/8 (0%) No (00) 3/16 (19%) No (00)
Insulin 1/8 (12%) No (00) 0/1 (0%) NA 0/8 (0%) No (00) 1/13 (8%) No (00)
Hba1C 0/1 (0%) NA 0/1 (0%) NA 0/0 (0%) NA 0/2 (0%) No (0)
Total cholesterol 1/5 (20%) No (00) 0/0 (0%) NA 1/6 (17%) No (00) 2/11(18%) No (00)
HDL cholesterol 0/7 (0%) No (00) 0/1 (0%) NA 1/8 (12%) No (00) 1/13 (8%) No (00)
LDL cholesterol 0/4 (0%) No (00) 0/0 (0%) NA 0/3 (0%) No (0) 0/6 (0%) No (00)

Triglycerides 2/8 (25%) No (00) 0/1 (0%) NA 4/7 (57%) Inconsistent
(??) 5/13 (38%) Inconsistent

(??)

CVD-related markers 𝑛/𝑁(%)a,b,c
Effect

(0/−/+/?)d
𝑛/𝑁

(%)a,b,c
Effect

(0/−/+/?)d
𝑛/𝑁

(%)a,b,c
Effect

(0/−/+/?)d 𝑛/𝑁 (%)a,b,c Effect
(0/−/+/?)d

VO
2
max 2/5 (40%) Inconsistent

(??) 0/1 (0%) NA 1/2 (50%) Inconsistent
(?) 3/8 (38%) Inconsistent

(??)
Resting HR 1/4 (25%) No (00) 0/1 (0%) NA 0/3 (0%) No (0) 1/5 (20%) No (00)
CRP 0/2 (0%) No (0) 0/0 (0%) NA 0/0 (0%) NA 0/2 (0%) No (0)
Interleukin-6 0/3 (0%) No (0) 0/2 (0%) No (0%) 0/0 (0%) NA 0/4 (0%) No (00)
TNF-alpha 0/1 (0%) NA 0/1 (0%) NA 0/0 (0%) NA 0/2 (0%) No (0)
a
𝑛 = number of studies reporting difference in the expected direction.

b
𝑁 = number of identified studies of interest.

c(%) = percentage of studies reporting differences in the expected direction.
dSummary effect. No effect (0): 0–33% of studies reported significant differences; inconsistent (?): 34–59% of studies reported significant differences; positive
(+) or negative (−) effect: 60–100% of studies demonstrated significant differences; ≥4 studies: positive (++), negative (−−), no effect (00), and inconsistent
findings (??).
CVD markers (waist-to-hip ratio, heart rate maximal, and tumor necrosis factor receptor 2) with only one study demonstrating the effect of light intensity
activity were excluded in this summary table.
BF: body fat; BMI: body mass index; BP: blood pressure; CRP: C-reactive protein; CVD: cardiovascular disease; Hba1c: glycosylated hemoglobin; HDL: high-
density lipoprotein; HR: heart rate; LDL; low-intensity lipoprotein; NA: not applicable; TNF: tumor necrosis factor; VO2 max: maximal oxygen uptake; WC:
waist circumference.

LIPA was found to have no effect on glucose and insulin
response in physically inactive or healthy, with a medical
condition, adults. Three [33, 38, 40] of 16 studies (19%)
reported significant decreases in glucose and 1 of 13 (8%)
reported significant decrease in insulin level. When the effect
of LIPA on blood lipid markers was examined, no significant
changes were found for total cholesterol, HDL cholesterol,
LDL cholesterol, or triglycerides in physically inactive or
healthy individuals and inconsistent findings on triglycerides
in healthy adults. One [50] of 11 studies (9%) reported
a significant increase in total cholesterol while 2 [26, 46]
of 11 studies (18%) reported significant decreases in total
cholesterol. One [50] of 13 studies (8%) reported a significant
increase in HDL cholesterol, 5 [36, 46, 49, 54, 57] of 13 studies
(38%) reported significant increases in triglycerides, and 0 of
6 studies (0%) reported an effect on LDL cholesterol.

Regarding other CVD-related markers, the effect of LIPA
on VO

2
max is inconclusive in physically inactive or healthy

adults. Three [27, 32, 56] of 8 studies (38%) reported signifi-
cant increases in VO

2
max. LIPA was also found to have no

effect on resting HR in physically inactive or healthy adults.
One [32] of 5 studies (20%) reported a significant reduction
in resting HR. All studies that examined the effect of LIPA on
CRP [30, 37], interleukin-6 [30, 34, 37, 43], and TNF-alpha
[30, 34] reported no significant effect in physically inactive,
with a medical condition, adults.

4. Discussion

The effect of LIPA on markers of cardiovascular risk factors
was systematically reviewed. LIPA resulted in no signifi-
cant improvements in body composition, glucose, insulin
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(in physically inactive or healthy, with a medical condition,
adults), total cholesterol, HDL cholesterol, LDL cholesterol
(in physically inactive or healthy adults), or triglycerides
(in physically inactive adults) and inconsistent findings on
triglycerides in healthy adults. On the other hand, LIPA
was found to improve systolic and diastolic BP in physically
inactive populations with a medical condition. Additionally,
when examining CVD-related markers, we found inconsis-
tent results regarding the effect of LIPA on VO

2
max in

physically inactive or healthy adults, no significant changes
on resting HR in physically inactive or healthy adults, and
no significant changes on inflammatorymarkers in physically
inactive or with a medical condition adults.

Nine studies [26, 29–32, 35, 41, 53, 55] examined the
effect of LIPA on body composition and found no effect in
either physically inactive or healthy, with amedical condition,
populations. One study concluded that LIPA performed
30min, 8 times a day, for 5 days, did not result in any
significant change on body mass andWC [35].The rest of the
studies demonstrated that LIPA performed 30–90min, 3 to
5 times per wk, for ≥7wk, did not result in any significant
effect on body mass [26, 29, 53, 55], WC [31, 32, 41], BMI
[26, 31, 32, 41], WHR [26], or % body fat [30, 32]. This result
is consistent with previous research findings that conclude at
least 250min/wk of moderate intensity (≥3METs) training is
needed if the primary purpose of the training program is to
elicit reductions in bodymass and fat mass [58, 59].There are
no recommended durations of LIPA required to elicit weight
loss; however, the amount of LIPA required to improve body
composition is likely to be much greater than that required
for MVPA given the reduced intensity level. Physical activity
alone if greater than 250min/wk without caloric restriction
has a limited influence on body composition [27, 28, 60] and
may only cause 1–3% change in body mass and adipose tissue
[61]. In addition, evidence suggests that the total volume
of physical activity is a key factor in achieving weight loss
[62]. An individual intending to lose weight through physical
activity without dietary restriction would need to engage in
a large volume (26MET-hr per wk) of physical activity to
achieve a 5% weight reduction [62]. In most studies to date,
the volume of LIPA used is less (<10.5MET-hr per wk) than
the 26MET-hr per wk that may be required to improve body
composition.

Findings of this review also indicate no significant
changes in resting BP in healthy adults but found signifi-
cant improvements in physically inactive individuals with a
medical condition. Participants who followed a single bout
(15min) [52] and periodic bouts (2min every 20min over
5 hr period) [40] of treadmill walking, and long term (30–
60min 3–5x/wk, ≥10 wk) LIPA [30, 32, 41, 53, 56] demon-
strated no significant changes in resting BP. Two studies
[31, 32] reported a decrease in systolic BP and one study
reported [31] a decrease in diastolic BP following ≥ 10 wk
of walking [31] and a combination of treadmill walking,
stationary cycling and stepping [32]. In both studies, the
improved BP response was found in physically inactive
participants with hypertension. Similarly, in prehypertensive
and hypertensive physically inactive, obese adults, one study
[39] with a different study design (randomized cross-over

study breaking up prolonged sitting with LIPA breaks)
found significant reductions in systolic and diastolic BP
in individuals interrupting sitting time with light intensity
walking relative to individuals with uninterrupted sitting.
Thus, LIPA appears unlikely to influence the BP response
in normotensive populations but may be able to provide an
effect in hypertensive, physically inactive populations.

There were no significant improvements in glucose and
insulin response following LIPA in either physically inactive
or healthy, with a medical condition, adults. All 6 studies
[36, 44, 45, 47, 49, 63] reported no effects of glucose and
insulin response during a single bout (35–237.5min) of LIPA.
Following periodic bouts (214.5 ± 28min divided in 9 bouts,
30–60min 3x/wk, 30min 8x/day, 4 hr walking, and 2 hr
standing/day) of LIPA, 7 [30, 32, 35, 41, 53, 54, 57] of 10 studies
reported no significant changes in glucose and 6 [30, 32, 35,
53, 54, 57] of 7 studies reported no significant changes in
insulin.These results are consistent with epidemiological data
showing no significant association between fasting glucose
and time spent performing LIPA (5.7–6.0 hr/day) (but not
with 2 hr plasma glucose which was found to be significantly
associated with LIPA) [12, 13]. In contrast, 2 studies [38, 40]
reported a decrease in postprandial glucose (and insulin
[38]) after interrupting sitting with light intensity stand-
ing/walking.These laboratory-based studies compared a light
intensity standing/walking group to a sitting group, employed
LIPA (14 sessions of 2min LIPA separated by 20min sitting
period) dispersed throughout the day, and measured post-
prandial glucose. These findings were validated in a recent
meta-analysis that found significant reductions in blood
glucose postprandial response and insulin levels after inter-
rupting sedentary periods with LIPA breaks [64]. Another
study [33] with a longer, structured, light intensity walking
intervention period (120–160min/wk walking for 6wk) also
demonstrated reductions in capillary glucose concentrations
post-intervention compared to baseline. This study used
obese women with gestational diabetes. In summary, there
is no consistent intervention evidence to support improved
glucose metabolism with LIPA in healthy adults. Studies
[33, 38, 40] suggesting that LIPA may improve glucose and
insulin response examined individuals with higher glucose
baseline values or compared LIPA to a sedentary (sitting)
group or used multiple bouts of LIPA dispersed throughout
the day. Thus, there may be some evidence to support the
view that LIPA influences glucose and insulin metabolism,
but this evidence appears to be limited to individuals (1) with
impaired cardiometabolic function or (2) who are compared
to no activity (sedentary) control groups.

Most studies in this review reported no significant change
in total cholesterol [30, 32, 40, 47, 49, 51, 53, 57], HDL
cholesterol [26, 30, 32, 36, 40, 46, 47, 49, 51, 53, 57, 63],
LDL cholesterol [26, 30, 32, 46, 51, 57], in physically inactive
or healthy individuals, or in triglycerides [26, 30, 32, 35,
40, 51, 53, 63] in physically inactive adults following LIPA.
Inconsistent findings were found on the effect of LIPA on
triglycerides in healthy adults. This result is not consistent
with evidence from epidemiological studies demonstrating
a beneficial association of larger volumes of LIPA with
HDL cholesterol (4.3 hr/day of LIPA) [65] and triglycerides



BioMed Research International 7

(5.7–6.0 hr/day; <150min/wk MVPA, but LIPA exceeded
sedentary behavior) [18, 66]. Conversely, similar results were
found in a recent meta-analysis that reported no significant
reductions in triglycerides after interrupting sedentary peri-
ods with LIPA breaks [64]. These conflicting results reported
in the literature in regard to the effect of LIPA in blood lipid
markers may be due to differences in study protocol and
participants’ baseline lipid levels.

In this review, 5 [36, 46, 49, 54, 57] of 10 studies demon-
strated significant reductions in triglycerides following LIPA
in healthy adults. These studies used short intervention
periods (≤4 days) of light intensity walking and 3 studies
[36, 49, 54] used a high fat test meal prior to blood sampling.
This immediate lowering of serum triglycerides following
LIPA is most likely due to enhanced triglyceride peripheral
tissue uptake of serum triglycerides that result from exercise-
induced activity of lipoprotein lipase, the rate limiting
enzyme for the hydrolysis of triglyceride-rich lipoproteins
[67]. The increased activity of lipoprotein lipase (persisting
up to 18 hr) following muscular contractions causes an
increase in the removal of triglycerides from the circulation
[68]. Unfortunately, none of these studies explored whether
or not triglyceride reductions persisted for more than 24 hr
following LIPA bout.

VO
2
max, resting HR, and inflammatory markers that

are known to impact CVD risk factors were also examined.
LIPA had inconsistent results in regard to the effects on VO

2

max and no effect on resting HR in physically inactive or
healthy adults. Studies employing long term (≥8wk) LIPA
protocols generally reported no change [28–30, 42, 48, 53, 56],
while others reported improvement in VO

2
max [27, 32, 56]

and HR [32]. It is possible that certain types of aerobic
exercise may lead to health-related benefits and yet may not
be of sufficient quantity or quality to improve VO

2
max

or decrease resting HR [69]. Despres and Lamarche [70]
proposed that prolonged (exact duration not specified) low
intensity (approximately 50% VO

2
max) endurance exercise

performed 45–60min on an almost daily basis significantly
improved insulin sensitivity and lipoprotein metabolism
through mechanisms that are likely to be independent of
the training-related changes in cardiorespiratory fitness. The
proposed mechanisms included the net increase in energy
expenditure and losses in total body fat and abdominal
adipose tissue which contributed to improved carbohydrate
and lipidmetabolism [70].This hypothesis, however, remains
to be established. At present, only 3 [27, 32, 56] of 7 studies
reported a positive effect on VO

2
max; 2 [27, 32] of these 3

studies examined physically inactive, overweight adults. The
third study [56] neglected to report baseline physical activity
and BMI. Thus, the beneficial effects of LIPA, in regard to
adaptations to VO

2
max, are equivocal and may be most

pronounced in individuals with low levels of physical activity
[71, 72] suggesting that the benefits of LIPA on VO

2
maxmay

be limited to populations who are least active.
No significant changes in inflammatory markers (CRP,

interleukin-6, and TNF-alpha) were found in physically inac-
tive or with a medical condition participants engaging in a
single bout (40–60min) [37, 43], periodic bouts (40min/day
for two wk) [34], or long term (30min 3x/wk for 16wk) [30]

LIPA. Research in this area is limited and more studies are
needed to clarify the effect of LIPA on inflammatorymarkers.
Results from the interventions (3 out of 4 studies) included
in this review demonstrate that acute effects are unlikely to
occur and future research should seek to examine changes in
inflammatory markers following participation in LIPA over
longer time periods.

This review provides consistent evidence that LIPA is
not effective at improving CVD risk factors and other CVD-
related health markers in apparently healthy individuals.
Some evidence surfaced suggesting that LIPA may improve
markers of CVD risk factors (BP) in physically inactive
adults with amedical condition.These findings provide some
support to cross-sectional studies suggesting that LIPA may
be beneficial in elderly, physically inactive, with a medical
condition, individuals [65, 73, 74]. However, due to lim-
ited intervention studies available that have examined these
cohorts of individuals, it is difficult to make conclusions with
full certainty. Future studies should attempt to elucidate the
effects of LIPA in elderly, physically inactive, with a medical
condition, adults. Since LIPA is low intensity and appears
to be most practical in physically inactive populations, daily
LIPA and MVPA of participants should be accounted for in
future work.

The dose of LIPA used in the reviewed studies wasmodest
in comparison to the volume of LIPA typically performed by
individuals (e.g., ≤150min/wk which equates to <10.5MET-
hr per wk). Therefore, future studies are encouraged to
use greater doses (much higher than the recommended
150min/wk moderate intensity physical activity due to the
reduced intensity level of LIPA) to assist in clarifying the role
of LIPA to elicit positive changes in CVD risk factors and
CVD-related markers.

5. Conclusions

Although cross-sectional research findings [12, 13, 18] suggest
that LIPA may help to improve an individual’s metabolic
profile, there is no evidence to support the effect of LIPA in
providing positive changes in CVD risk factors in healthy
adults. Little intervention evidence was found to support
the positive effect of LIPA in CVD risk factors in physically
inactive adults with a medical condition. In particular, sig-
nificant improvements in BP following LIPA were achieved
by physically inactive, hypertensive individuals [31, 32, 39].
However, it should be noted that many studies reviewed did
not control, either statistically or by design, for potential
confounding variables such as controlling for accumulated
MVPA ormonitoring dietary intake. Most of the studies have
also used small doses of LIPA (<10.5MET-hr per wk). Given
that adults spend a considerable proportion of their day
(6.5 hr/day [13, 14]) performing LIPA, it may be possible that
this volume of LIPA is not enough of a stimulus to promote
favorable adaptations in the examined biological markers of
CVD risk. Aside from increasing the volume, it may also
be worthwhile to examine the effects of LIPA dispersed
throughout the day similar to recent studies [35, 38–40] that
have used regular short bouts of LIPA to interrupt prolonged
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periods of sitting. This may be useful as recent meta-analysis
found these breaks in sitting to be associated with improved
glucose and insulin response [64]. In summary, there may
be some evidence to support the view that LIPA influences
some CVD risk factors in certain populations, but more well-
designed experiments with greater control of confounding
factors are required to confirm this.
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