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Summary

The chronic practice of exercise induces
a series of cellular and organismal adap-
tations that modify the way the human
body metabolizes all macronutrients, in-
cluding lipids. Endurance exercise and re-
sistance exercise elicit different responses
that result in differential effects on lipid
and lipoprotein metabolism. These effects
are quantitatively and qualitatively diffe-
rent, and mediated by distinct signaling
pathways. In this review, we summarize re-
levant evidence on the impact of exercise
on lipid and lipoprotein metabolism, and
finalize with some practical recommenda-
tions on exercise practice for patients with
dyslipidemia in the primary care setting.
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Resumen

La practica crénica del ejercicio indu-
ce una serie de adaptaciones celulares y
organicas que modifican la forma en que
el cuerpo humano metaboliza todos los
macronutrientes, incluidos los lipidos. El
ejercicio de duracién y el ejercicio de resis-
tencia provocan diferentes respuestas que
resultan en efectos diferenciales sobre el
metabolismo de los lipidos y las lipopro-
teinas. Estos efectos son cuantitativa y
cualitativamente diferentes y mediados
por distintas vias de senalizacién. Esta
revision, resume la evidencia pertinente
sobre la repercusion del ejercicio en el
metabolismo de los lipidos y las lipopro-
teinas, y finaliza con algunas recomenda-
ciones sobre la practica del ejercicio para
los pacientes con dislipidemia en el ambi-
to de la atencién primaria.

Palabras clave: lipidos, actividad fisica,
atencién primaria.

Resumo

A préatica cronica de exercicio induz
uma série de adaptacdes celulares e or-
ganicas que modificam a maneira pela
qual o corpo humano metaboliza todos
os macronutrientes, incluindo os lipidios.
O exercicio de duragao e o exercicio de re-
sisténcia provocam diversas respostas que
resultam em efeitos diferenciais no meta-
bolismo de lipidios e lipoproteinas. Estes
efeitos sdo quantitativa e qualitativamen-
te distintos e mediados por diferentes vias
de sinalizacdo. Nesta revisdo, se resume
as evidéncias relevantes sobre o impacto
do exercicio no metabolismo de lipidios e
das lipoproteinas e conclui, com algumas
recomendacdes sobre a pratica de exerci-
cios para pacientes com dislipidemia no
campo da atencao primaria.

Palavras-chave: lipidios, atividade fisica,
atencao primaria.

INTRODUCTION

During evolution, only the fittest managed to survive
and pass on their genes to the next generation. In an
era where resources were scarce, the fittest humans
were those who could withstand long hours of hunting
or laboring. This meant that genes encoding efficient
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energy storage and metabolism were favored and passed
down generation after generation until now. However,
in modern times of plentiful resources and mechanized
production, an overabundance of energyandlow expen-
diture are the norm. Such physical inactivity increases
the incidence of at least 17 unhealthy conditions and
related chronic diseases, whereas a low exercise capa-
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city is an independent predictor of all-cause mortality
and morbidity!”. One of the demonstrated effects of
sedentary behavior is metabolic dysfunction, characte-
rized by increased plasma triglyceride levels, decreased
levels of high-density lipoprotein (HDL) cholesterol,
and decreased insulin sensitivity®. All these undesi-
rable consequences of physical inactivity warrant an
understanding of the physiological pathways by which
physical activity confers its metabolic benefits.

PHYSICAL ACTIVITY, EXERCISE AND SPORT

Physical activity (PA) is considered any kind of cor-
poral movement produced by conscious contraction
of skeletal muscle that demands the use of energy™.
Meanwhile, exercise is a type of physical activity that
is planned, structured, repetitive and purposeful in the
sense that the objective is an improvement or mainte-
nance of one or more components of physical fitness(*.
While every time you exercise you do PA, not neces-
sarily every time you are physically active means you
are doing exercise. Finally, sport means all forms of PA
which, through casual or organized participation, aim
at expressing or improving physical fitness and mental
well-being, forming social relationships or obtaining
results in competition at all levels.

The capacity of coordination and adaptation of a full
range of physiological and cognitive qualities determi-
nes the physical fitness. This term is further divided into
3 components that canbe enhanced through continuous
training. These are cardiorespiratory fitness, muscle fit-
ness and speed/ coordination. Cardiorespiratory fitness
is the overall capacity of the cardiovascular and respira-
tory systems to carry out prolonged strenuous exercise.
Aerobic capacity, is defined by the American College
of Sports Medicine as the product of the capacity of
the cardiorespiratory system to supply oxygen and the
capacity of the skeletal muscles to utilize oxygen®.
The maximal oxygen consumption (VOZmax) attained
during a graded maximal exercise to voluntary exhaus-
tion has long since been considered the single best
indicator of cardiorespiratory fitness. Muscle fitness is
the capacity to carry out work against a resistance. The
maximum force that can be generated depends on seve-
ral factors including the size and number of muscles
involved, the proportion of muscle fibers called into
action, and the coordination of the muscle groups. The
main health-related muscular fitness components are
maximal strength (isometric and dynamic), explosive
strength, endurance strength and isokinetic strength(©.

Speed is the ability to move the body (or some parts
of the body) as fast as possible. Agility is the ability to
move quickly and change direction while maintaining
control and balance. Consequently, agility is a combi-
nation of speed, balance, power and coordination®.

PHYSIOLOGICAL RESPONSE TO PHYSICAL
ACTIVITY

To support the constant demands of PA, the body res-

ponds with a multisystem adaptation that maintains

the supply of oxygen and metabolic substrates to the

skeletal muscle. The chronic adaptations that optimize

the generation, oxidation and consumption of substra-

tes, and/or cellular changes will be discussed further

below. The acute responses to exercise are:

= Cardiovascular: Blood flow to active skeletal muscle
can increase 100-fold above basal levels, accoun-
ting for up to 80%-90% of cardiac output. The tre-
mendous increase in skeletal muscle blood flow is
accomplished largely by increased cardiac output
by means of the skeletal muscle pump which pro-
motes venous return during dynamic exercise, but
also in part by diverting flow away from the kidneys
and the splanchnic organs. Notably, there is only a
modest (20%) increase in mean arterial blood pres-
sure (MAP), whereas values for arterial PO, PCO,,
and pH remain essentially identical to rest until
maximal exercise intensities are reached”’. MAP
stability is mainly maintained due to the decrease
in total peripheral resistance caused by metabolic
vasodilator accumulation and decreased vascular
resistance in the active skeletal muscle which is a
pressure-lowering disturbance that elicits a strong
increase in sympathetic activity through the arterial
baroreceptor reflex. Static exercise (i.e., isometric)
presents a much different disturbance on the car-
diovascular system than does dynamic exercise. As
discussed in the previous section, dynamic exercise
produces large reductions in total peripheral resis-
tance because of local metabolic vasodilation in
exercising muscles. Static efforts, even of moderate
intensity, causes a compression of the vessels in the
contracting muscles and a reduction in the blood
flow through them. Thus, total peripheral resistance
may increase significantly. Cardiovascular effects of
static exercise include increases in the heart rate, car-
diac output, and arterial pressure”.

= Respiratory: The critical functions of the pulmonary
system are to maintain arterial oxygenation and to
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facilitate the removal of CO, produced during oxi-
dative metabolism by increasing ventilation in pro-
portion to exercise intensity®.

= Skeletal Muscle: ATP is not stored in any large quan-
tity inside skeletal muscle. Because of its limited avai-
lability, ATP is resynthesized at a rate for meeting the
metabolic demands placed upon the cell. The most
immediate substrate source for ATP resynthesize in
skeletal muscle is phosphocreatine (PCr). Skeletal
muscle has enough PCr to sustain the maximum
ATP turnover rate for about 7-10 s. Skeletal muscle
also utilizes both fat and carbohydrate as substrates
for ATP resynthesizes. The rates at which FFA and
carbohydrates can replenish muscle ATP are sig-
nificantly lower than that from either PCr or ADP.
However, the amount of ATP they can produce from
a single molecule from either of them is significantly
greater. Increasing exercise duration is achieved at
the expense of the rate of ATP turnover. The lower
rate of ATP turnover can be matched by oxidative
phosphorylation that employs a combination of glu-
cose/glycogen and fatty acids as substrates®®.

* Lipid metabolism: The sources of energy during
exercise have been known since the 1960s!”. At
workloads below 30% of VO,max, the main energy
source is fatty acids, between 40 and 65% of VO max
there is approximately a 50:50 balance between
carbohydrate and fat oxidation, and beyond 70%
of VO, max there is an exponential rise in carbohy-
drate oxidation with a concomitant decrease in fat
oxidation®. The relative contribution of fat oxida-
tion to total energy expenditure changes very little
up to intermediate levels of exercise intensity!".
However, as exercise intensity is further increased
up to 75 % VO,max, substrate utilization changes
markedly, total body fat oxidation rate decreases
while muscle glycogenolysis becomes the primary
source of energy (Figure 1).

CHRONIC ADAPTATIONS TO EXERCISE

There are 3 known subgroups of fibers in human mus-
cles: Fast-twitch glycolytic (FG), fast-twitch oxidative
(FO), and slow-twitch oxidative (SO)"?. The FG are
predominantly anaerobic fibers, they have a high glyco-
gen concentration and high phosphorylase, lactate
dehydrogenase and alpha-glycerophosphate dehydro-
genase activities. FG fibers have a fast contraction
and explosive rate, at the expense of fast fatigability.
Meanwhile, SO fibers rely predominantly on aerobic
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Figure 1. Percent of total energy obtained from each energy
source according to exercise intensity. Numeric data from",

[ Other fat sources

[ Muscle glycogen

metabolism, have alow glycogen concentration and low
phosphorylase, lactate dehydrogenase, and mitochon-
drial alpha-glycerophosphate dehydrogenase activities.
The properties of FO fibers are midway in between
those of FG and SO fibers, with high rate of both oxida-
tion and glycogenolysis?.

When considering chronic physiological adaptations
to exercise, there are two main pathways that activate
very distinct responses at the cellular level. It’s impor-
tant to note that each pathway is activated by different
kinds of training. In the case of endurance training, it
favors the pathway that stimulates the formation of new
mitochondria, thus enhancing the development of SO
fibers. On the other hand, resistance training favors the
hypertrophic pathway enhancing the development of
FG fibers.

AMPK pathway

Aerobic, endurance training acutely increases the
AMP/ATP ratio, which activates the AMPK pathway.
AMPK is an important sensor of decreased energy
charge in cells and subsequently acts to increase cata-
bolic reactions and decrease anabolic reactions, par-
ticularly to increase glucose uptake through GLUT4
expression, increase fatty acid oxidation, and decrease
glycogen synthesis'). AMPK requires Peroxisome
Proliferator-Activated Receptor gamma (PPAR-
gamma) Coactivator 1-alpha (PGC-1) for many of its
effects on gene expression in skeletal muscle. AMPK
binds to and activates PGC-1 in muscle by direct phos-
phorylation on two critical residues, threonine-177 and
serine-538(1). PGC-1 is a critical regulator of trans-
cription of many genes involved in energy homeostasis,
particularly fuel oxidation and mitochondrial biology.
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These AMPK-mediated phosphorylations induce
PGC-1alpha to activate a transcriptional cascade that
ends in mitochondrial biogenesis and the stoichiome-
tric assembly of multi-subunit protein complexes into
a functional respiratory chain. Nuclear respiratory
factor-1 and 2, targets of PGC-1, directly regulate the
expression of nuclear-encoded mitochondrial genes
and can stimulate the expression of mitochondrial
transcription factor A (Tfam), a mitochondrial matrix
protein essential for the replication and transcription of
mitochondrial DNAU®),

mTOR pathway

Resistance training activates a completely different
intracellular signaling response, elicited chiefly by the
secretion of growth hormone!”). Several heavy resis-
tance exercise protocols have been proven to elevate
the post exercise concentration of GH"”. GH regulates
important physiological processes, including somatic
growth and development, as well as carbohydrate and
lipid metabolism, directly through the activation of
specific GH receptors, or indirectly through insulin-like
growth factor 1 (IGF-1), which is produced mainly in
the liver in response to GH stimulation'®. Hypertrophy
of myotubes induced in vitro by IGF-1 depended on
a pathway initiated by Phosphoinositide 3-kinase
(PI3K) and the PI3K-regulated kinase Akt, which in
turn led to activation of the rapamycin-sensitive kinase
known as mTOR, whose downstream targets, p70S6K
and PHAS-1/4E-BP1, have been shown to promote
protein synthesis through increases in translation ini-
tiation and elongation™. Phosphorylation of p70S6K
(a downstream effector of mMTOR) increases the phos-
phorylation of ribosomal protein S6 and facilitates the
synthesis of some ribosomal proteins, initiation factors,
and elongation factors that play important roles in pro-
tein synthesis®®. An in-vivo study in human volunteers
further confirmed this effect: following 8 weeks of
resistance training, human skeletal muscle hypertrophy
was associated with an increase in the amount of phos-
phorylated Akt and mTOR®Y,

HOMEOSTASIS OF LIPIDS AND
LIPOPROTEINS

The term lipids encompasses a large group of hydropho-
bic compounds that cannot travel efficiently in a polar
solvent like human plasma. For them to be transpor-
ted to the various tissues and organs for utilization and
storage, nonpolar lipids (triacylglycerol and cholesteryl

esters) need to be associated with amphipathic lipids
(phospholipids and cholesterol) and proteins to make
water-miscible lipoproteins®? Plasma lipids comprise
triacylglycerols - also called triglycerides- (16%), phos-
pholipids (30%), cholesterol (14%), cholesteryl esters
(36%) and a much smaller fraction of unesterified long-
chain fatty acids (or free fatty acids - FFAs) (4%)®¥ .

Since fat is less dense than water, the density of a
lipoprotein decreases as the proportion of lipid to pro-
tein increases. Four major groups of lipoproteins have
been identified that are important physiologically and
clinically. These are (1) chylomicrons, derived from
intestinal absorption of triacylglycerol and other lipids;
(2) VLDL, synthesized by the liver for the export of
triacylglycerol; (3) low-density lipoproteins (LDL),
representing a final stage in the catabolism of VLDL;
and (4) high-density lipoproteins (HDL), involved in
cholesterol transport and also in VLDL and chylomi-
cron metabolism®¥. Every class of lipoprotein contains
apolipoproteins that define its structure and function.
The most important apolipoproteins are summarized
in Table 1?2,

Metabolism of chylomicrons

Once absorbed into intestinal epithelial cells, dietary
TG are secreted into the bloodstream within chylomi-
crons. The assembly of chylomicrons requires apoB-
48 as structural apolipoprotein. Once chylomicrons
access the bloodstream, the triglycerides in their core
are hydrolyzed into free fatty acids and glycerol by
lipoprotein lipase-1 (LPL-1) (present in the surface of
most endothelial cells) with apolipoprotein C-II as a
cofactor. This process yields smaller chylomicron rem-
nants®. These remnants are later removed primarily
by a chylomicron remnant receptor on the liver, known
as the LDL-like receptor protein-1 (LRP-1)®%.

Metabolism of VLDL

VLDL suffer a process quite similar to that of chylomi-
crons, but with different actors. Triglyceride-rich VLDL
are synthesized and secreted by the liver, a process that
requires apoB-100 instead of apoB-48. In plasma, the
triglycerides in VLDL are broken down to free fatty
acids and glycerol by lipoprotein lipase with participa-
tion of apoC-II, just like it happens to chylomicrons.
This results in the production of smaller VLDL rem-
nants and IDL (intermediate-Density Lipoproteins).
Some of the IDL particles are removed through the
interaction of apolipoprotein E with the LDL receptor
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Table 1. Main apolipoproteins, their functions and location.

Type of apolipoprotein | Apolipoprotein Function Presentin
Structural apoB (ApoB-48 Backbone of lipoproteins Chylomicrons, VLDL, and LDL
and apoB-100)
Enzymatic cofactors/ ApoC-li Lipoprotein lipase coactivator HDL, chylomicrons and VLDL
inhibitors
ApoA-I Coenzyme of lecithin:cholesterol acyltransferase | Mainly HDL, may also be found
(LCAT) in chylomicrons
ApoC-l Inhibitor of cholesteryl ester transfer protein Mainly HDL, seen in other
(CETP) lipoproteins in postprandial state
ApoA-II Inhibitor of lipoprotein lipase HDL
Ligands ApoE Binds to LDL receptor and LDL-receptor-related | HDL, chylomicrons, VLDL and
protein-1, enabling lipoprotein removal from LDL,
circulation
ApoC-lil ApoE antagonist, blocks removal of circulating | VLDL, LDL
lipoproteins

on the surface of the liver, while some others can be
further hydrolyzed by hepatic lipase to produce LDL.
LDL is normally removed by the interaction of apoli-
poprotein B-100 with the LDL receptor. ApoB compri-
ses 23.8% of the weight of the LDL particle and is the
protein determinant for cellular recognition and cata-
bolism of LDL®). When LDL are oxidized, they can be
more easily phagocytosed by macrophages through the
scavenger receptors CD36 and SR-A®¥.

Metabolism of HDL

HDL, synthesized and secreted from both liver and
intestine, are complex particles. As of today, over 110
individual polypeptides have been identified in HDL
by various approaches®”. A major function of HDL is
to act as a repository for the apoC and apoE required
for the metabolism of chylomicrons and VLDL. HDL
is originally secreted as a phospholipid-rich, choleste-
rol-poor nascent particle, that later acquires additional
phospholipids and cholesterol via cellular efflux, as
well as by transfer of surface components from chylo-
microns and VLDL during intravascular lipolysis®®.
The class B scavenger receptor B1 (SR-B1) has been
identified as an HDL receptor with a dual role. In the
liver and in steroidogenic tissues, it binds HDL via apo
A-lL, and cholesteryl ester is selectively delivered to the
cells, although the HDL particle itself is not taken up. In
other tissues, SR-B1 mediates the acceptance of cellular

cholesterol by HDL, which then esterifies free choleste-
rol and transports it to the liver for biliary excretion®.
Plasma concentrations of HDL show a strong indepen-
dent inverse relationship with the risk of atherosclerotic
cardiovascular disease. Although HDL has antioxidant,
anti-inflammatory, vasodilating and antithrombotic
properties, the central anti-atherogenic activity of HDL
is likely to be its ability to remove cholesterol and oxys-
terols from macrophage foam cells, smooth muscle cells
and endothelial cells in the arterial wall®®?).

After going through all the transport required to
reach cells, fat reaches the mitochondria in the form
of free fatty acids. Inside the mitochondria, fatty acid
breakdown continues in a four-step process called the
p-oxidation cycle, a reiterative process which removes
two carbons from the fatty acid with each cycle®.
This process is inhibited by insulin during the post-
prandial period®". As mentioned previously, a cyclo-
ergometry study in human volunteers'” showed
that the relative contribution of fat oxidation to total
energy expenditure is reduced only when as exercise
intensity approaches 75% of VO, max. This means that
fat oxidation becomes saturated with high-intensity
PA. Nonetheless, the capacity to oxidize fat can be
enhanced by means of endurance PA, which induces
in muscle tissue: i. Augmented expression of fatty acid
transporters in the plasma membrane, ii. Greater den-
sity of mitochondria ii. Proliferation of capillaries and
iii. Faster fatty acid transport from cytosol to mitochon-
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dria. All these effects jointly result in enhanced fatty
acid delivery and oxidation®?).

Quantitative effect of exercise practice on
plasma lipids and lipoproteins

The positive effects of both physical activity and exer-
cise on cardiovascular protection have been extensively
validated. Each 1 MET increase in exercise performance
confers a reduction in total mortality of approxima-
tely 12%©%. An important proportion of such benefit
is mediated by lipid metabolism, including positive
impacts on plasma triglycerides, LDL, HDL Lp(a), and
even apolipoproteins like apoC-IIL.

Impact of exercise on plasma triglycerides

Plasma triglycerides are one of the components of the
lipid profile most amenable to change through lifes-
tyle modifications. In a large epidemiological study in
Brazil, the regular practice of at least 150 min/week of
vigorous physical activity was associated with signi-
ficantly higher HDLc and lower triglyceride levels©¥.
In the Health Professionals Follow-up Study (HPFS),
a prospective cohort study of US men, the difference in
TG/HDLc ratio between the top and bottom quintiles
of physical activity practice was —26% ).

Inindividuals with obesity, a Cochrane meta-analysis
including 43 studies with 3476 participants found that
a physical activity intervention lasting at least 12 weeks
induced a mean decrease in fasting TG of 18 mg/dL,
independent of nutritional modifications®®®. Another
meta-analysis of regular endurance training among
men, including 49 studies and 2990 participants, found
a mean TG decrease of 9% and a positive correlation
between TG lowering and exercise intensity®”).

Opverall, current evidence suggests that exercise and
physical activity do impact plasma triglycerides, and
their effect is largely related to the intensity and fre-
quency of practice.

Impact of exercise on plasma HDLc

Some studies have focused on the effect of exercise and
physical activity and exercise on HDLc in children. A
cross-sectional study of 1731 adolescents aged 12-19
years analyzed accelerometer-measured physical acti-
vity in order to find the minimal intensity that would
confer health benefits. After adjusting for potential
confounders, each additional hour/day of light-inten-
sity activity was associated with 1.5 mg/dL (0.03 to

2.6) higher plasma HDLc®®. Another study of 3984
youngsters aged 6-17 from the National Health and
Nutrition Examination Survey (NHANES 2003-2006)
found that for every additional 1% of time in moderate-
to-vigorous physical activity, plasma triglycerides were
lower by 2.08 mg/dL (-3.89 to -0.27) and HDL-C was
higher by 0.47 mg/dL (0.25 to 0.69).

The impact of exercise on HDL is not limited to
HDLc concentrations, but also to the size of the lipo-
proteins, which has been shown to shift towards larger,
presumably more functional particles. The quantitative
effect of regular aerobic exercise on plasma HDLc has
been estimated as a 10-15% increase*).

Impact of exercise on plasma LDL cholesterol

The relationship between physical activity levels and
LDLc is much less pronounced than for HDLc or
triglycerides. In a prospective, 8-month study of 109
participants, vigorous physical activity (up to 75 min/
week) significantly reduced LDLc levels, but the nume-
ric reduction was modest (from 115 +/- 33.4 to 109.8
+/-31.7 mg/dL, p=0.04)“". Other studies have shown
even less of an effect: Eight trials investigated the effect
of aerobic exercise on LDLc, showing strong evidence
for heterogeneity (I*=86%, p<0.001). After compila-
tion of the results using a random effects model in a
meta-analysis, the pooled estimate of LDLc change
with aerobic exercise was not significantly different
from zero (weighted mean difference versus control
group: -0.52,95% CI: -7.97 to 6.92) ).

These results confirm what is known about LDLc
physiology, namely that hepatic cholesterol production
has a heavy genetic influence, is modestly influenced by
diet, and not influenced much by exercise.

Impact of exercise on non-HDL cholesterol

Non-HDL cholesterol or atherogenic cholesterol (i.e.,
the sum of VLDL cholesterol, LDL cholesterol, rem-
nant lipoprotein cholesterol and Lp(a)-cholesterol), is
considered a robust and consistent cardiovascular risk
factor™). Most evidence specifically assessing the asso-
ciation between physical activity and non-HDL choles-
terol comes from studies in young populations. In a study
that followed 108 teens who had undergone bariatric
surgery for 3 years, a greater volume of physical activity
correlated with greater absolute decreases in non-HDL-
C, despite low absolute step counts and slow cadence*¥.
A cohort study including 880 Norwegian schoolchildren
with a mean age of 10.2 years showed that replacing
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30 minutes a day of sedentary time with 30 minutes of
moderate-to-vigorous physical activity (>2296 accele-
rometer counts/min) was inversely associated with the
concentration of non-HDL-cholesterol*,

Impact of exercise on plasma apolipoprotein C-lli

ApoC-III has been identified as an independent car-
diovascular risk factor because of its antagonism to the
LDL receptor and hindrance of the protective functions
of HDL®***), In a cross-sectional study involving 3631
participants, each additional 20 MET-hours per week of
physical activity were associated with 0.9 (-1.7 to -0.1)
lower concentrations of HDL containing apoC-II1*").

Impact of exercise on plasma lipoprotein(a)

Several large cohort and mendelian randomization
studies have shown that plasma lipoprotein(a) -Lp(a)-,
exhibits a negative and at least partially causal association
with cardiovascular risk®?. A negative association bet-
ween Lp(a) and physical activity seems to be particularly
striking among children: A large multicenter follow-up
study of 2464 children and young-adults (age 9 to 24)
found that plasma Lp(a) was significantly correlated
only with physical activity level, but not age, gender or
other known cardiovascular risk factors. A similar cross-
sectional study in 1340 adults correlated physical acti-
vity levels in the IPAQ (International Physical Activity
Questionnaire) with plasma Lp(a). Lp(a) concentra-
tions in participants with low, moderate and high phy-
sical activity levels were respectively 29.2 +/- 13.7,26.3
+/-12.9,and 24.5 +/- 11.4 mg/dL with significant diffe-
rences between groups®". These results suggest that,
unlike LDLc, Lp(a) tends to be responsive to exercise
and physical activity in a dose-response fashion.

Differential effects of exercise modalities on
plasma lipids

In general, the health effects of physical activity depend
on its volume (the product of exercise intensity and
exercise time), frequency (amount of training units per
week or month) and its modality (aerobic, resistance or
combined)®?,

ENDURANCE EXERCISE

Both intermittent (short periods at high intensities)
and continuous aerobic exercise decrease total cho-
lesterol and increase HDL cholesterol in sedentary
subjects®®). A threshold for aerobic exercise-induced

HDLc increase has been estimated at about 1000 kcal
of running or a similar aerobic exercise per week?.
In a meta-analysis of 51 interventions involving 4700
patients who underwent aerobic exercise programs
during at least 12 weeks, HDLc, TG and LDLc changed
on average +4.6%, -3.7% and -5%, respectively, without
changes in total cholesterol. HDLc was the lipid pro-
file component most prone to change with aerobic
exercise, even a 10-week program (three times a week
at 85% the maximal heart rate) induced a 13% increase
in HDLc. Prolonged aerobic exercise (150 min/week)
was superior at improving lipid parameters compared
to an intense interval running protocol (40 min/week).

RESISTANCE EXERCISE (RE)

Findings on the effect of resistance exercise on blood
lipids have been more conflicting than for aerobic
exercise®?. A recent study in adult women found a
remarkable impact of only 12 weeks of resistance exer-
cise using the participant’s own body weight, redu-
cing TG by 14.3% while increasing HDLc by 7.9%%.
A separate small study restricted to postmenopausal
women only, reported also significant reductions in
LDLc with 150 min/week of resistance exercise*®
men, two small studies have specifically examined the
impact of resistance exercise on plasma lipids. In one of
them, the acute (72-h) effect of 75% of maximum repe-
titions on plasma TG was estimated at -11.0 mg/ dLe7,
In a second study, patients taking part in a moderate
(45-55% of maximum repetitions) or high-intensity
(80-90% of repetitions maximum) resistance exercise
program experienced significant reductions in LDLc
(-12.2 to -13.5 mg/dl). The high-intensity group also
saw significant increases in HDLc (+5.5 mg/dl)¢¥.

.In

COMBINED MODALITIES

Combining aerobic and resistance exercise would be
expected to provide the cumulative benefits of both
modalities, but data on combined intervention proto-
cols have shown inconsistent effects on plasma lipids
(59).1In general, the impact of interventions combining
both modalities is comparable to that obtained from
aerobic exercise, in all major lipid subfractions(*”.

Exercise prescription in patients with
dyslipidemia

Evidence-based, grade A recommendations concerning
physical activity among patients with dyslipidemia can
be summarized as follows©":
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* LDLc goals depend on the patient’s global cardio-
vascular risk (GCVR) status®?):

« <130 mg/dL for low-risk patients (no prior car-
diovascular events, no cardiovascular risk factors
and estimated GCVR <10%)

« <100 mg/dL for moderate or high-risk patients
(no prior cardiovascular events, 1-2 cardiovascu-
lar risk factors and/or estimated GCVR 10-20%,
or diabetes or chronic kidney disease without
additional risk factors).

« <70 mg/dL for very high-risk patients (prior car-
diovascular event, or estimated GCVR >=20%,
or familial hypercholesterolemia, or diabetes or
chronic kidney disease plus one or more uncon-
trolled risk factors).

o <55 mg/dL for extreme risk patients (prior cardio-
vascular event + diabetes or chronic kidney disease,
or progressive cardiovascular disease despite LDLc
below 70 mg/dL, or cardiovascular disease before
5Sy in men or before 65y in women).

= Exercise sessions should last > 40 min, the training
program should last > 40 weeks.

* If possible, it is desirable to perform resistance exer-
cise of at least S large muscle groups, as 8-10 repeti-
tions, each series at 70-85% of maximum repetitions.

= Exercise in dyslipidemic patients should be prescri-
bed together with adequate lipid-lowering pharma-
cotherapy and dietary modifications.

Recommendations can be further adjusted to the gene-
ral condition of the patient; these recommendations
are summarized in Table 2.

CONCLUSION

Physical activity and exercise have the potential to
positively impact plasma lipids, especially triglycerides,
HDL cholesterol and to a lesser degree LDL choleste-
rol, Lp(a) and probably apoC-III. However, the overall
impact of exercise on cardiovascular risk goes beyond
its impact on plasma lipids.
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Table 2. Summary of recommendations for exercise practice in patients with dyslipidemia according to overall mobility.
Adapted from®?,

Patient status Targets

Physical activity recommendations

Mobile, no Maintain low LDLc and TG | >30 min/day, 5 times /week of aerobic exercise at 70-80% of the heart rate
dyslipidemia levels, increase HDLc reserve, combined with resistance exercise at 50% of maximum repetitions.
Mobile, Reduce LDLc and TG, >30min/day, 5 times/week of aerobic exercise at 70-80% of the heart rate reserve,
dyslipidemia increase HDLc progressing to 85% of the heart rate reserve, combined with resistance exercise at

75-85% of maximum repetitions.

Limited mobility
(disabled, elderly),
dyslipidemia

Reduce LDLc and TG,
increase HDLc

Increase physical activity as much as feasible, progressing in resistance exercise
from 50 to 75% of maximum repetitions in major muscle groups.
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