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Unlike many other fatal diseases, cardiovascular disease
(CVD) risk is highly modifiable through lifestyle changes
that can virtually eliminate the initiation and progression
of atherosclerotic plaque formation. A large body of evidence
supports the hypothesis that CVD is drastically influenced by
diet and exercise.1–3 Exercise serves to counteract excess
caloric consumption, thereby reducing the risks of obesity.
Exercise may also have direct physiologic effects that attenu-
ate CVD, but it is not clear what type, intensity, and duration
of exercise is most beneficial to cardiovascular fitness and
metabolic optimization.

In this review, we will examine three different categories
of exercise and compare the effects of each form of activity on
cardiac, vascular, and lipid measures of health. Information
from athletes or patients is difficult to analyze because of
variability of human subjects and confounding comorbidities
and medications. Rodent models, on the other hand, often
allow for more invasive, extensive, and homogenous experi-
mental designs than human models. These rodent-based
exercise studies may provide more information and help to

elucidate the benefits of different training regimens to reduce
the risk of CVD.

Methods

Data retrieval was performed using Medline and Scopus. In
Medline, the search term “cardiac or vascular or lipid” AND
“exercise” AND “English Language” was entered, then the
resulting literature was restricted to comparative studies
using rats or mice, published as journal articles. In Scopus,
“Cardiac benefits and endurance exercise and rodents or mice
or rats,” “Cardiac benefits and sprint exercise or interval
exercise and rodents or mice or rats,” and “Cardiac benefits
and power exercise or weight exercise and rodents or mice or
rats” were entered to look at cardiac effects. For vascular and
metabolic effects, the same three searches were performed
using “vascular” and “lipid profile” in place of cardiac. In both
searches, studies that did not specifically address either
cardiac, vascular, or lipid alterations, where exercise was
not employed as the main experimental condition, or in
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Abstract Although research unanimously maintains that exercise can ward off cardiovascular
disease (CVD), the optimal type, duration, intensity, and combination of forms are yet
not clear. In our review of existing rodent-based studies on exercise and cardiovascular
health, we attempt to find the optimal forms, intensities, and durations of exercise.
Using Scopus and Medline, a literature review of English language comparative journal
studies of cardiovascular benefits and exercise was performed. This review examines the
existing literature on rodent models of aerobic, anaerobic, and power exercise and
compares the benefits of various training forms, intensities, and durations. The rodent
studies reviewed in this article correlate with reports on human subjects that suggest
regular aerobic exercise can improve cardiac and vascular structure and function, as well
as lipid profiles, and reduce the risk of CVD. Findings demonstrate an abundance of
rodent-based aerobic studies, but a lack of anaerobic and power forms of exercise, as
well as comparisons of these three components of exercise. Thus, further studies must
be conducted to determine a truly optimal regimen for cardiovascular health.
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which rodents received a supplement or drug were excluded.
Any literature examining rodents with other systemic dis-
orders (diabetes, hypertension, obese, etc.) were also exclud-
ed. The 78 remaining articles were then utilized in this
analysis (►Fig. 1).

Results

Experimental Design
For these studies, exercise was categorized as either dynamic
(i.e., aerobic or anaerobic) or static (i.e., resistance-based
training) (see ►Table 1). Aerobic or endurance exercise was
defined as a physical exertion that raises the heart to 60 to
90% of an individual’s max heart rate, or that which is below

the “lactic acid threshold” (LAT). The LAT is a subject-specific
level of exertionwhich is just below that which would lead to
a buildup of lactic acid in the muscles. Theoretically, if an
exercise is entirely aerobic, the animal would be able to
continue it forever without muscle failure. In many of the
published rodent studies, aerobic activity is produced as
either running or swimming for anywhere between 20 and
60 minutes.

Anaerobic activity was the second form of dynamic exer-
cise and was defined as movement that raises the heart rate
above 90% of the max, employs fast-twitch muscle fibers, and
occurs above the LAT. In contrast to the steady, prolonged
manner of aerobic movement, anaerobic activity occurs in
short, high-intensity spurts and cannot be sustained as lactic
acid accumulation occurs rapidly. A typical anaerobic regi-
men would be for rodents to run as fast as possible for
intervals of 10 to 20 seconds.

Resistance training, or strength training, is a static form of
exercise that engagesmuscles in a very differentmanner from
the dynamic forms of endurance and sprint activities. This
form of training employs a force that opposes muscular
contraction, such as the use of metal weights or an individu-
al’s body weight to “resist” the contraction. Designing a
weight-lifting experiment with rodents can be difficult, and
this certainly can account for the paucity of power studies.
Previous studies have attached small weights to rodents
placed in a “hanging” climb position4 or have weighted rats
climb a 1-m wire.5

Cardiac, Vascular, and Metabolic Benefits of Different
Forms of Exercise
As indicated in►Table 2, heart functionwas themost studied
component of exercise-induced CV health, especially utilizing
aerobic exercise protocols. The rodent models revealed that
endurance activity improved left ventricle size, diastolic and
systolic functions, cardiac output, and stroke volume.6 No
studies directly measured resting heart rate or blood pres-
sure, which are common indicators of human cardiac well-
being.

Anaerobic exercise was found only to have positive influ-
ence on two factors found to be equivocal with aerobic

Fig. 1 Summary of literature retrieval. Scopus and Medlin searches
were performed as outlined above. Of the 245 retrieved articles, 185
were excluded for the following reasons: not examining the impact of
exercise on cardiovascular parameters (e.g., looked at impact of
exercise on testicular arteries) and thus were irrelevant, employing
only diseased exercising subjects and sedentary controls with no
healthy exercising comparisons, and or examining the effects of drugs
or supplements on exercise-induced adaptations. The remaining
studies were then categorized as aerobic, anaerobic, or power.

Table 1 Design summary of exercise protocols

Definition Methods References

Aerobic Constant moderate intensity exertion
O2 consumption below LAT
Employs slow-twitch muscle fibers

Treadmill/wheel running at constant pace
Swimming

6–10,12–17,19–79

Anaerobic Shorter high intensity exercise that
often occurs in intervals
O2 consumption cannot be met by the body
Employs fast-twitch fibers

Treadmill running at fast pace for short
intervals

8,11,18

Power Weight or resistance opposing movements
Muscles employ force through concentric
or eccentric contraction

Attachment of weights to rodents and then
let them hang from ledge

4,5

Note: The working definitions of each form of exercise and the methods used to engage rodents in the specific activity are listed for each study
included in our literature search.
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exercise. Specifically, chronic interval exercise was found to
increase protein kinase C–mediated cardioprotection against
ischemia-reperfusion7 and anaerobic interval training in-
duced adaptive enzymatic and free radical changes in the
myocardiumof rodents.8 Therewere no articles for the effects
of sprint training on other cardiac health components. Simi-
larly, the search for power exercise and cardiac benefits
yielded no relevant papers.

Studies on the vascular benefits of aerobic exercise indi-
cated a positive effect on VEGF mRNA,9,10 endothelial func-
tion,11,12 and inflammatory markers.13 There was some
controversy on whether aerobic activity diminished athero-
sclerotic lesions. Young14 found that aerobic exercise did not
decrease markers associated with plaque build-up, nor did it
reduce lesion development. Conversely, researchers have
observed reduced atherosclerotic lesion size and improved
markers of vascular health in exercising rodents.13,15–17

Anaerobic exercise’s influence on vascular components of
health is understudied; there were no research articles on its
effect on VEGF mRNA expression, atherosclerotic lesions,
inflammatory markers, and resting blood pressure. However,
both endothelial function and vasodilation were found to
improve with interval training.8,11,18 Although the influence
of power exercise on most vascular health factors had not
been studied, both Figard4 and Harris5 did find weight-
bearing exercise to improve endothelial function and vasodi-
lation in mice.

The effect of aerobic exercise on metabolic profiles was
well studied andmost of the literaturewas congruent in their
findings. Endurance activity improved LDL levels,13 triacyl-

glycerol levels,15,17 visceral and subcutaneous fat deposits,17

and leptin levels.17However, therewere contradictory results
regarding fatty acid serum levels and metabolism. Two sepa-
rate studies found no effect of exercise on these two compo-
nents,16,19 whereas another team of researchers found such
exercise lowered the levels.15Our searchyielded no published
studies on the lipid profile effects of either anaerobic or power
exercise.

Studies Directly Comparing Various Exercise Protocols
Kemi et al11 examined different intensities of aerobic running
on the cardiovascular health of healthy rats (►Table 3). The
higher intensity, whichwas performed at 85 to 90% of VO2max,
was at the brink of becoming classified as an anaerobic effort.
The lower intensitywas performed at 65 to 70% of VO2max and
was entirely aerobic. The study showed significantly greater
cardiomyocyte hypertrophy and functional improvements,
carotid endothelial functional enhancement, and vasorelax-
ation and dilation improvements in the higher intensity
group compared with the lower intensity. These experiments
demonstrated an intensity-dependent adaptation to endur-
ance exercise and suggest that higher levels of intensity are
more beneficial to cardiovascular health in a healthy animal
but both groups were better than the no exercise group.

Qiao8 examined the differences in adaptations between a
single bout of anaerobic interval exercise and a 6-week
program of anaerobic training. The longer training produced
much greater enzymatic and oxidative adaptations, which in
turn support greater myocardial health. However, it is impor-
tant to note that a single exercise session did provide some

Table 2 Cardiac, vascular, and metabolic benefits of different exercise types

Aerobic Anaerobic Power

Cardiac
LV size
LV diastolic/systolic Fnx
Cardiac output
Stroke volume
Myocardial health
Cardioprotection
Resting HR
Resting BP

þþþ
þþþ
þþþ
þþþ
þþ—
þþ—
?
?

?
?
?
?
þþþ
þþþ
?
?

?
?
?
?
?
?
?
?

Vascular
VEGF mRNA
Endothelial Fnx
AS lesions
Inflammation
Vasodilation

þþþ
þþþ
þþ—
þþþ
þþþ

?
þþþ
?
?
þþþ

?
þþþ
?
?
þþþ

Metabolic
LDL levels
Triacylglycerol lipids
Fatty acids
Visceral fat
Subcutaneous fat
Leptin

þþþ
þþþ
þ—
þþþ
þþþ
þþþ

?
?
?
?
?
?

?
?
?
?
?
?

Note: The benefits of each form of exercise on three set of cardiovascular measures are given as follows:þþ þ , all studies retrieved beneficial effects;
þþ—, more beneficial findings than not; þ—, half beneficial effects and half not; ?, no data.
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degree of benefit, as evidenced by the resulting increase in
antioxidant enzyme levels and free radical clearing in the
myocardium.

Gute et al20 directly compared sprint interval training (SIT)
and low-intensity training (LET). These researchers found
that while both modes of training increased capillarization
of muscle tissue, SIT increased that in white and mixed
muscle tissue, while LET increased that in red and mixed
muscle tissue.

In another study team, the effect of continuous versus
intermittent aerobic exercise was examined by subjecting
rodents to either a session of 90 minutes or three 30-minute
sessions of swimming, 5 days a week for 8 weeks.21 The
intervals of swimming elicited more profound changes in
adipose tissue, lipid profile, and lipid metabolism than con-
tinuous swimming.

The intensity and duration of training in young and old
rodents were also examined.22 Young rodents swam for a
duration of 20, 40, or 60 minutes, and in each of the three
durations they swam with a weight of either 2, 3, or 5% their
bodyweight attached to for a low,moderate, or high intensity,
respectively. Older rodents swam for either 20 or 40 minutes
with different groups for each of the different intensities. Low
and moderate intensity exercise for only 20 or 40 minutes
improved lipid profile, whereas higher intensity did not seem
to impact the profile. Likewise, 60 minutes of exercise did not
appear to have significantly greater impact than the shorter
durations.

A final study compared the different cardiovascular im-
pacts of two different types of endurance exercise: swimming
and running.23 Although both groups exhibited enhanced
markers of ventricular function, such as increased stroke
volume, stroke work, and maximum power, as well as en-
hanced ejection fractions and fiber shortening. However, the
swim group demonstrated faster rates of cardiac relaxation.

Discussion

Our review of the relevant rodent studies clearly document
the cardiac, vascular, and lipid profile benefits derived from
aerobic exercise. Studies on anaerobic benefits were less
abundant, but consistent. Power-induced benefits were al-
most completely neglected in rodent models. Despite the
scarcity of studies, each form of exercise appears to provide
some form of CV protection and decrease factors involved in
CVD.

There are some limitations of our approach to study
analysis. First, in our review, we focused exclusively on the
small animal model utilizing the rodent primarily because of
the greater number of studies performed. Second, in an effort
to avoid confounding effects, several types of studies were
excluded from our data retrieval process, including those in
which a secondary variable (such as administration of a drug)
was employed in combination with the exercise, studies that
did not examine exercise or cardiovascular-related adapta-
tions, and those that utilized rodents models with systemic
diseases. Our research focused on healthy populations be-
cause in disease models, there are conflicting reports on

whether aerobic exercise provides benefits or impairs the
cardiovascular system and such findings confound the results
for disease-free animals.24,25 Consequently, we neglected
most studies of Harold Laughlin, Timothy Musch, and Joseph
Cheung, experts in the field of rat-based models of cardiovas-
cular adaptations to anaerobic physical activity, as the re-
searchers often use myocardial infarction model rodents.
Only original studies were included in our review, and data-
base-based analyses, protocol proposals, and reviews were
excluded.

One of the limitations of our review of the relevant rodent
studies is that there are no exact, all-encompassing compo-
nents that define aerobic activity employed in research. In
some studies, aerobic activity bordered on the brink of
anaerobic exercise, potentially confounding the experiments
and calling into question where the line between the two
dynamic forms of exercise lies. Heart rate, duration of each
activity, lengths of continuous movement and rest varied
considerably between different exercise models which can
confound the analysis of the CV benefits. It cannot be deter-
mined which parameters, or combination thereof, provide
the greatest cardiovascular benefits. A better understanding
of the physical adaptations that endurance exercise fosters is
needed and studies comparing the duration, intensities, and
type of exercise performed.

The studies we retrieved provided solid evidence that
aerobic exercise enhanced gene expression of endothelial
growth and angiogenesis markers.10,12,13,18 However, there
were several confusing and somewhat contradicting results.
Two studies assessed rodents running 1 hour/day but one had
rodents running 7 days/week for 3 weeks and the other for 5
days/week for 8 weeks.17,19 The former study found that the
fatty acid profile of cardiac phospholipids was not signifi-
cantly altered, although resting heart rat, aortic flow, and
cardiac output were reduced.19 In contrast, the results of the
8-week study indicated that exercise significantly reduced
levels of triacylglycerol and free fatty acids in the blood, as
well as subcutaneous and visceral fat deposits.17

Review of the rodent studies provides interesting infor-
mation on the duration of exercise needed to bolster cardio-
vascular health.12,22,26 In a study that compared the benefits
of running for 20 minutes/day, 5 days/week for a period of
either 6 or 12 weeks, cardiac function was most improved
after 12 weeks.26 While longer training regimes and longer
bouts of exercise do seem to produce greater benefits, those
that lasted only 3 weeks or less than 1 hour/day still resulted
in significantly improved cardiovascular markers of
health.6,9,12,14 In one study comparing the benefits of swim-
ming for either 15 minutes or 30 minutes daily for 16 weeks,
both groups displayed decreased levels of molecular CVD risk
factors, including lessened atherosclerotic lesion develop-
ment, without any significant differences between groups.14

Furthermore, longer exercisemay not always be beneficial.
In a study that compared the effects of running for 1 hour a
day, 5 days a week for a period or 4, 8, or 16 weeks, all three
training durations were found to increase cardiac mass;
however, after the 8-week mark, the authors note exercise
produced unfavorable alterations, including increased

International Journal of Angiology Vol. 22 No. 1/2013

Optimizing Cardiovascular Benefits of Exercise Davis et al. 17

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



arrhythmia inducibility and markers of fibrosis in both atria
and right ventricle.6 The authors argue that their findings
support the idea that long-term endurance training can, in
certain situations, promote adverse remodeling and perhaps
lead to cardiac arrhythmias, which are detrimental to CV
health. This is in stark contrast to previously mentioned
studies arguing that long-term exercise bolsters cardiac
health and reduces the risk of disease.6,9,12,14 The contradic-
tion in results may be a result of the type of running
performed and underscores the disparity in exercise proto-
cols. Although groups of rats ran 5 days aweek, one group ran
for 60 minutes a day27 and the other for 30 minutes.26 In
addition, the study that reported negative effects shocked the
rats when they ceased movement, and thereby engaged the
rats in “forced” exercise. Voluntary exercise elicits more
favorable physiological outcomes such as reduction of gluco-
corticoid levels,28 whereas forced exercise appears to upre-
gulate the production of these stress hormones.29 Because
stress is a well-documented factor in myocardial infarctions,
as well as a component of CVD risk, the detrimental cardio-
vascular changes observed may be a consequence of the
forced nature of the exercise.

Analysis of rodent exercise research is also hampered by
the varying degrees of intensity used in different investiga-
tions. In our review, only two studies directly compared
higher intensity aerobic exercise to lower intensity ones. In
one study, healthy rodents in a high-intensity group ran at 85
to 90% of their VO2max and rodents in a moderate intensity
group ran at 65 to 70% of their VO2max for 1 hour/day, 5 days/
week for 10 weeks.11 The rodents in the higher intensity
group displayed greater cardiomyocyte hypertrophy and
function, as well as better carotid artery endothelial function
than the low-intensity mice. In the second study,22 low,
moderate, and high intensities of swimming were examined.
These researchers found that while low and moderate inten-
sities produced beneficial effects on the lipid profile of
rodents, high intensity did not. The reasons for these findings
are complex but may likely be related to the differing energy
sources for different degrees of exertion. During low or
moderate exertion, fat stores are used as a source of fuel,
but during higher levels of exertion, the body switchesmainly
to glycolytic stores or free glucose for energy. Thus, the
animals in the high-intensity group may have switched
from depleting lipid stores for energy to using carbohy-
drate-based sources. Although higher intensitymaynot lower
cholesterol levels as effectively, exercise that raises the heart
rate to at least 70% of maximum has been shown to elicit
significant cardiac benefits.10,11,30 Running between 50 and
70% of maximum heart rate improves markers of CV health
and reduces mortality rate.10 The type of aerobic exercise
commonly performed by the rodents were running, either in
awheel or on a treadmill, and sometimes swimming.We only
found one article directly comparing the effects of these two
forms on cardiovascular adaptations.31 Despite the matched
duration and workload of the exercises, and despite similar
effects on lipid profile, some of the cardiovascular-related
physiological changes appeared to be form-dependent. Spe-
cifically, peripheral serotonergic system modulation was

more influenced by running, whereas sympathetic nervous
systemmodulation was more highly impacted by swimming.

A surprising finding of our review was the relative paucity
of anaerobic and power models. Anaerobic training models
were highly understudied, due in part to the difficulty in
makingmice voluntarily runmultiple repetitions at an all-out
pace. Power exercise is even more understudied—how can a
rat lift weights? One clever study attachedweights to the tails
of rodents and placed them in a hanging position.4 This forced
the rats to utilize muscle to oppose the weights in much the
same way a bicep must oppose a dumbbell’s weight during a
curl or the body’s weight during a push up. The investigators
demonstrated that the rats had enhanced vasodilation and
endothelial function, suggesting that resistance training may
provide benefits that prevent vascular dysfunction.

In summary, research on the effects of aerobic exercise
suggests that in disease-free conditions moderate to high-
intensity exercise is beneficial to cardiac, vascular, and lipid
health. However, lipid levels may not be affected by exercise,
and in this case, perhaps amore stringent diet is required, or a
longer duration of exercise training. The literature on cardio-
vascular benefits of anaerobic training is limited, although
existing studies on cardiac and vascular parameters indicate
highly beneficial adaptations occur. If any such studies exam-
ine lipid profile, we may find similar beneficial effects. Power
exercise needs to be further studied as only two groups of
researchers have sought to understand its impact. The exist-
ing evidence does propose health benefits in disease models,
but this must be confirmed with future studies.

The rodent studies reviewed in this article correlate with
reports on human subjects that suggest regular aerobic
exercise can improve cardiac and vascular structure and
function, as well as lipid profiles, and reduce the risk of
CVD.32–35,39,40,46,51,60,62,63,71,73–79 Studies on endurance ath-
letes have repeatedly shown exercise to result in morpholog-
ical and functional adaptations that correlatewith a reduction
in heart disease. Long-term exercise induces hemodynamic
changes and alters the loading conditions of the heart, with
specific effects depending on the type of sport and
intensity.1,2,6

Conclusion

The rodent studies provide a useful resource to help elucidate
the beneficial effects of exercise on cardiovascular health. By
studying a homogenous population of animals and subjecting
them to defined exercise regiments, we are able to garner
objective evidence with regard to the role of type of exercise,
duration, and intensity on quantifiably cardiac, vascular, and
metabolic parameters. Although some limitations still exist in
being able to translate the rodent model to human relevance,
these studies provide valuable mechanical insight that help
direct future research in this area.
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