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Lipid metabolism in the liver is complex and involves the synthesis and secretion of very low density lipoproteins (VLDL), ketone
bodies, and high rates of fatty acid oxidation, synthesis, and esterification. Exercise training induces several changes in lipid
metabolism in the liver and aﬀects VLDL secretion and fatty acid oxidation. These alterations are even more conspicuous in
disease, as in obesity, and cancer cachexia. Our understanding of the mechanisms leading to metabolic adaptations in the liver as
induced by exercise training has advanced considerably in the recent years, but much remains to be addressed. More recently, the
adoption of high intensity exercise training has been put forward as a means of modulating hepatic metabolism. The purpose of
the present paper is to summarise and discuss the merit of such new knowledge.

1. Introduction
Lipid metabolism involves numerous pathways that are, at
least partly, interdependent. The lipid available for liver
uptake may derive from the diet [1] or from mobilisation
of fatty acids (FAs) from the adipose tissue, followed by the
transport in the circulation, [2], which requires specific
transporters such as albumin, while diet lipids in the form of
triacylglycerol (TG) are transported by chylomicra and very
low density lipoprotein (VLDL). In the liver, specific transporters (FAT and L-FABP) are involved in the uptake and
intracellular traﬃc of these molecules [3, 4]. The hepatocyte
then carries out TG hydrolysis to diacylglycerol (performed
by microsomal lipase) and then to fatty acids, which are then
activated and combined with coenzyme A, allowing their
transport into the reticulum luminal space by intraluminal
carnitine acyltransferase, where they are again esterified by
TG diacylglycerol acyltransferase 2 [5], and become a part
of nascent hepatic VLDL, or are stored within lipid droplets.
Long-chain fatty acids (LCFA) deriving from exogenous

sources or from intracellular pools may conversely be totally
or partially oxidised by the hepatocyte mitochondria, a process that requires the action of an enzyme system, the carnitine
palmitoyltransferases, and the channelling of the fatty acyl
to either ketone body production or to B-oxidation. Finally,
other possible fates of LCFA include the modification of the
molecule, yielding, for instance, cholesterol and the incorporation into components of the cells, as into the membrane
phospholipids [6]. The final fate of LCFA in the liver depends
on a plethora of factors, including the quantity and type of
fatty acid, hormonal regulation, contribution of innervation,
and cell communication within the organ, to name a few.
Indeed, lipid metabolism in the liver is very complex, an
aspect which is illustrated by the synthesis of VLDL. Most of
the triacylglycerol (TG) recruited for the assembly of VLDL
in the secretory apparatus of the hepatocyte is mobilised by
lipolysis of preexistent cytosolic TG pools, followed by reesterification [7]. The assembly of VLDL in hepatocytes requires the microsomal triacylglycerol transfer protein (MTP),
which transfers lipids, particularly TG, between membranes,
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and it is known to transfer TG to nascent apolipoprotein B
(apoB) in vivo [3]. Some of the TG, however, is returned to
the cytosolic pool in a process that is stimulated by insulin
and inhibited by MTP [6]. As mentioned, every step of the
VLDL synthesis is modulated by the physiological status of
the organ.
It is well established that physical inactivity is related with
excess plasma triglyceride (TG) concentration, which contributes, at least partially, to increased disease risk, as appearing in association with atherosclerosis, fatty liver, diabetes,
and obesity [8, 9]. On the other hand, chronic exercise training has been shown to present favorable eﬀects on plasma
lipid profile [10–12]. In this context, chronic exercise, especially moderate aerobic exercise (50%–75% VO2peak ) has
been considered one of the best nonpharmacological strategies for preventing and treating cardiovascular diseases, Position Stand American College of Sports Medicine 2011 [13].
Recently, high intensity exercise (>80% VO2peak ) has been
shown to markedly aﬀect plasma lipid metabolism [14, 15].
In addition, the higher energy expenditure achieved by associating volume and intensity seems to promote more prominent changes in liver lipoprotein and oxidative metabolism
[14, 16]. Considering the relevance of the liver for lipid metabolism regulation, the purpose of this paper is to summarise
the specific eﬀects of moderate and high intensity exercise on
hepatic lipid metabolism.

2. Exercise Intensity and Plasma Lipid Profile
Several studies concerning the eﬀects of exercise on plasma
lipid profile have suggested that there is an intensity threshold for eliciting changes in these parameters (see Table 1).
However, is there in fact a direct relationship between exercise intensity and lipid profile?
Significant improvements in HDL-cholesterol levels were
reported in volunteers who exercised at 75% of maximal
heart rate for 12 weeks, but no changes were observed in
those who exercised at 65% of maximal heart rate [17]. In
addition, Ferguson et al. [18] reported that after an aerobic exercise session, only the subjects with higher energy
expenditure showed a reduction in TG and an increase in
HDL-c concentrations, leading forth to the hypothesis of the
existence of a threshold of energy expenditure associated
with changes in lipoprotein profile. These data indicate that
moderate intensity acute exercise that induces energy expenditure over 1,100–1,500 kcal, performed at approximately
70% of maximal oxygen consumption, has a greater eﬀect
on HDL cholesterol when compared with acute exercise with
low energy expenditure. Therefore, intensity seems to be an
important modulator of lipid profile [18].
Aellen et al. [2] reported that after 9 weeks of aerobic or
anaerobic training, only aerobic exercise performed below
lactate threshold was capable of inducing beneficial eﬀects
upon lipoprotein profile, while the anaerobic protocol (isocaloric expenditure energy) failed, especially in regard to
the antiatherogenic lipoproteins. However, in a recent study,
Tsekouras et al. [19] examined the eﬀect of high intensity
intervals of aerobic training (2 months of supervised highintensity interval training, 3 sessions/wk; running at 60 and
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90% of peak oxygen consumption in 4 min intervals for a
total of 32 min) on VLDL-TG secretion in men. They reported that subjects who had ran on the treadmill for 8 weeks
at 90% VO2peak presented a reduced rate of VLDL-TG secretion, suggesting that even high intensity exercise may induce
changes in lipid profile. Thus, not only exercise intensity, but
the eﬀect of exercise intensity plus energy expenditure appear
to modulate the rate of VLDL-TG secretion, which should
be taken into consideration when designing or studying the
exercise training eﬀects focusing on promoting benefits upon
lipoprotein profile.

3. Effect of Diet Manipulation and
Exercise on Lipid Profile
It has been long recognised that diet manipulation in combination with exercise training is capable of modulating lipid
profile. However, an important question to be considered
is what is the eﬀect of diet manipulation during diﬀerent
exercise intensities? In order to answer the first question,
Maraki et al. [20] showed that even a low intensity aerobic
exercise session (30% VO2peak ), that theoretically does not
induce a hypotriacylglycerolaemic eﬀect (<2 MJ), when combined with caloric restriction is capable of promoting one
such response. On the other hand, we recently tested the
eﬀects of ingesting diﬀerent CHO content diets and high
intensity exercise on lipid profile [14]. Our aim was to compare the eﬀects of high intensity exercise (∼90% VO2max ) and
a dietary intervention (control, low, and high carbohydrate
content) on blood lipid profile (VLDL, HDL cholesterol,
LDL cholesterol, and total cholesterol). We hypothesised that
high intensity exercise combined with carbohydrate supplementation could exert beneficial eﬀects upon lipoprotein
profile in healthy men. Although several studies showed that
the reduction in TG and the increase in HDL-c concentrations promoted by exercise are dependent on a high energy
expenditure, our results demonstrated that acute high intensity exercise, with low energy expenditure (in the absence of
dietary interventions e.g., control group) was able to reduce
LDL-c and total cholesterol levels. Having found out that
acute high intensity exercise (∼90% VO2max ) reduces lipoprotein levels, even when associated with low energy expenditure, our group sought to investigate the eﬀects of
acute supramaximal intensity exercise (approximately 115%
VO2max ) on lipoprotein metabolism [21]. In this study, the
acute exercise session generated 50% less energy expenditure
than the previous study [14]. The data showed that a supramaximal exercise session has no significant eﬀects on lipid
metabolism [21]. Therefore, we suggest the existence of an
“energy expenditure threshold” to induce changes in blood
lipid levels.
Collectively, these data reinforce the hypothesis that there
is a balance between intensity and the level of energy expenditure (that can be improved, especially during low intensity
exercise, when reinforced by diet manipulation) that is able
to induce changes in the lipoprotein profile, with special
regard to VLDL secretion.
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Table 1: Eﬀects of Exercise Intensity on Hepatic Lipid Metabolism in Animal Models and Human.
Reference
Mondon et al. [22]
Stein et al. [17]

Wallace et al. [23]

Aellen et al. [2]

Sample
Rat males
Untrained men

Trained men

Untrained men

Intensity
Moderate intensity
60% VO2max
65%, 75% and 85%
maximal heart rate
Moderate (73% of
1 RM) and High
intensity (92% 1 RM)
16 trained intensity
above and 17 below the
anaerobic threshold

Duration
12 weeks
12 weeks

Acute 90 min

9 weeks

Rat males

Moderate intensity
60% VO2max

8 weeks

Magkos et al. [15]

Untrained men

80% of peak torque
production

Acute 90 min

Tsekouras et al. [19]

Untrained men

60 and 90% of VO2peak

Tsekouras et al. [24]

Untrained men

80% of peak torque
production

Acute 90 min

Chapados et al. [12]

Rat males

Moderate intensity
60% VO2max

8 weeks

Lira et al. [11]

Lira et al. [14]

Trained men

Lira et al. [25]

Untrained men

Lira et al. [21]

Trained men

8 weeks

90% VO2max

Acute ∼8 min

50%, 75%, 90% and
110%-1 RM

Acute ∼10 min

115% VO2max

Acute ∼4 min

Results
Reduction TG, FFA levels, VLDL-TG secretion
was 50% lower in exercise trained rats
Increases in the HDL cholesterol fractions in the
75% and 85% groups. Significant decreases in
LDL fractions in the 75% group
Increases HDL-c and its subfractions (HDL2 and
HDL3) in moderate when compared to high
intensity strength exercise
Increases in the HDL and HDL2 cholesterol
fractions in the below the anaerobic threshold
Exercised rats showed reduction of TG, VLDL-TG
levels, hepatic tissue TAG content, and lower rate
of hepatic VLDL secretion, gene expression of
apoB and MTP when compared with control rats
Resistance exercise lowered fasting plasma
VLDL-TG, increased VLDL-TG plasma clearance
rate, and shortened the mean residence time of
VLDL-TG in the circulation
High-intensity interval training VLDL-TG
concentration was reduced, and this was due to
reduced hepatic VLDL-TG secretion rate
Reduced VLDL-TAG concentrations, plasma
clearance rate of VLDL-TAG was significantly
higher after exercise than rest, and the mean
residence time of VLDL-TG in the circulation was
significantly shorter. Fasting plasma NEFA and
serum beta-hydroxybutyrate concentrations were
both significantly higher after exercise than rest
Reduction in liver TG content, reduces VLDL
synthesis and/or secretion in fed rats probably via
MTP regulation
Total cholesterol and LDL cholesterol were
reduced after the exhaustion and 1 h recovery
periods when compared with rest periods
The 75%-1 RM group demonstrated TG
reduction when compared to other groups.
HDL-c concentration was significantly greater
after resistance exercise in 50%-1 RM and 75%-1
RM when compared to 110%-1 RM group
There were no significant changes in the lipid
profile

VO2max : maximal oxygen consumption. 1 RM: one repetition maximal. TG: triglycerides. FFA: free fatty acid. VLDL-TG: very low density lipoprotein. NEFA:
non-esterified fatty acids. LDL: low density lipoprotein. HDL: high density lipoprotein. MTP: microsomal transfer protein. apoB: apolipoprotein B.

4. Resistance Exercise and Lipid Metabolism
Resistance exercise (mainly acute) has also been reported to
aﬀect lipid metabolism. Wallace et al. [23] showed that moderate acute resistance exercise (73% of 1 RM) induced favorable modifications of lipid profile, increasing HDL-c and
its subfractions (HDL2 and HDL3), when compared with
high intensity resistance exercise (92% 1 RM). This result can
be a consequence to the diﬀerences between volume loading
(high intensity exercise with low volume loading −7.04 =
sets × repetitions × weight, and moderate intensity high
volume loading −31.13 = sets × repetitions × weight). Thus,

total energy expenditure may, at least partly, determine lipid
metabolism modification following physical activity. As a
potential alternative explanation, Tsekouras et al. [24] demonstrated that acute resistance exercise does not aﬀect the
rate of hepatic secretion of VLDL-TG, but increases VLDLTG plasma clearance rate by 26% as compared with the rest.
Yet, the mean residence time of VLDL-TG in the circulation
was significantly shorter after exercise than during rest
(113 min after exercise than 144 min in rest). In fact, earlier,
Magkos et al. [26] observed that acute resistance exercise was
more eﬃcient than aerobic exercise in increasing the clearance of VLDL and TG, and in decreasing the mean residence
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time of these lipoproteins in the circulation, suggesting a
particular regulatory mechanism elicited by acute resistance
exercise. Nonetheless, it remains unknown if such modification constitutes a fingerprint modification elicited in an
intensity specific manner on lipid profile.
Magkos et al. [15] recently described possible routes of
VLDL and TG removal from plasma, including hydrolysis by
lipoprotein lipase (LPL) and possibly also by hepatic lipase,
transfer of TG to other lipoproteins (e.g., HDL) via neutral
lipid exchange, conversion of VLDL to lipoproteins of higher
density, for example, intermediate-and low-density lipoproteins (IDL and LDL, resp.), as well as removal of the whole
VLDL particle from plasma via interaction with hepatic and/
or peripheral receptors [19, 26, 27]. On the other hand, it
is well documented that regular physical exercise is able to
induce an augmentation of LPL gene expression and activity
in the skeletal muscle [27, 28], resulting in decreased plasma
TG content, which is also linked with decreased liver VLDL
output [11, 12, 22]. These observations suggest a relationship
between the increased catabolic rate of VLDL and TG during
the early phase of recovery and repletion of the intramuscular
TG pool. This is further supported by the transient increase in
the transcription rate of muscle LPL described by Pilegaard
et al. [29] 1 h after a 60–90 min of exhaustive knee-extensor
exercise. Thus, whereas VLDL and TG turnover rate returned
to its basal value 2-3 h after exercise, the peak in muscle LPL
mass is reached 8 h after exercise [30]. This may constitute a
critical regulatory mechanism elicited by exercise to reduce
VLDL and TG levels.
In a recent study [25], we reported evidence that corroborates the hypothesis that acute resistance exercise in a moderate/high intensity (as well as aerobic exercise) may have
antiatherogenics eﬀects, particularly throughout lipid profile
modulation. The experimental design consisted of five
groups that performed acute exercise at diﬀerent percentages
of the one repetition maximum (1 RM); 50%-1 RM, 75%1 RM, 90%-1 RM, and 110%-1 RM group. The total volume
(sets × reps × load) of the exercise was equalised. We demonstrated that acute resistance exercise may induce changes in
lipid profile in a intensity-specific manner, taking into consideration that in such study although the intensity seems to
be an important factor, the “threshold” must to be respected
to induce benefits on lipid profile (low to moderate at 50%
and 75% 1 RM intensities seems to be more proper to induce
benefits on lipid profile than high-intensity at 90% and 110%
1 RM exercise). Thus, the fitness professional should consider
intensities ≤ or = 75% of 1 RM when prescribing resistance
training programs aimed at improving lipid profile. Chronically applied, such response might possibly yield greater
benefits in increasing HDL-c and diminishing VLDL and TG
lipoproteins, when compared with other strength training
intensities. However, future studies are necessary to unveil
potential mechanisms.

5. Exercise Intensity and Lipid Oxidation
in the Liver
It is well documented that there is an important lipid
profile adaptation, especially in regard to VLDL secretion,
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promoted by both acute and chronic exercise [15, 19, 26].
Such adaptation is usually related to an increased fatty acid
delivery and oxidation in skeletal muscle promoted by LPL
and the carnitine palmitoyltransferase (CPT) system adaptation even under intermittent high-intensity training [31].
However few studies have been performed to analyse the
adaptations imposed by such stimuli upon hepatic lipid oxidation.
Observational studies in human suggest that increased
habitual activity is inversely associated with intrahepatic TG
content [32] and endurance training in animals reduces liver
fat accumulation [33, 34]. However it is not clear whether
physical exercise has a direct impact on the enzymatic and
molecular processes regulating lipogenesis and/or lipid oxidation in liver. Yasari et al. [35], showed that 8 weeks of treadmill exercise training (∼60–70% VO2max ) were able to downregulate the gene expression of SCD-1 (stearoyl-Coa desaturase-1), a rate-limiting enzyme in the biosynthesis of
saturated-derived monounsaturated fat that are the major
constituents of VLDL-TG in 2-week high fed rats. It is well
documented that SCD-1 inhibition reduces lipogenesis and
enhances hepatic fatty acid oxidation [36].
In a recent study performed by our group [37], we observed that 8 weeks of treadmill moderate training (∼60%
VO2max ) increased CPT (carnitine palmitoyltransferase)
complex maximal activity in the liver and prevented hepatic
steatosis in trained tumour-bearing rats, reinforcing the
hypothesis that an environmental factor such as exercise is
able to optimise hepatic lipid oxidation. In agreement with
such finding, Rector et al. [34, 38] reported that attenuation
of hepatic steatosis in response to voluntary exercise training
is associated with both increased hepatic fatty acid oxidation
and likely reduced fatty acid synthesis, as indicated by reductions in key protein intermediates.
Malonyl-CoA is the first committed intermediate in the
lipogenic pathway and is also an inhibitor of carnitine palmitoyltransferase-1 (CPT-1) the enzyme that controls the transfer of cytosolic long-chain fatty acyl CoA (LCFA CoA) into
mitochondria. Therefore, CPT-1 activity can be limiting for
fatty acid oxidation and ketogenesis in liver [39]. The decline
in liver malonyl-CoA has been postulated to be responsible for the increase in blood ketone production during
and after exercise [5]. Acetyl-CoA carboxylase (ACC) is the
enzyme responsible for malonyl-CoA synthesis and its activation is allosterically regulated by citrate and inhibited by
palmitoyl-CoA [40] and by AMPK (5 -AMP-activated protein kinase) phosphorylation [41].
Due to an increase in plasma TG and VLDL-TG concentration, it is likely that palmitoyl-CoA would have been
elevated in the hepatocytes, bearing in mind that it represents
an allosteric inhibitor of ACC and hence of malonyl-CoA
synthesis [40, 42].

6. Exercise Intensity and Hormone Profile
Several studies show a clear eﬀectiveness imposed by training
intervention upon hepatic lipid content and a significant
adaptation of hepatic metabolism to regular physical activity [43]. This adaptation is subject to a refined control by
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endocrine parameters, specially the insulin/glucagon ratio,
and the stress promoted by exercise is known to modulate
plasma concentrations of these hormones, which could be
involved in the modulation of pathways controlling in the
transcriptional regulation of hepatic genes after acute exercise [44]. Glucagon and insulin balance is an important contributor to the increase of hepatic fat oxidation during exercise. In response to moderate-intensity exercise, the secretion
of glucagon and insulin from the pancreas generally increases
and decreases, respectively [45].
During acute physical activity, an important interaction
between the liver, muscle, and adipose tissue occurs, as to
provide and maintain adequate blood levels of glucose, free
fatty acids (FFAs), and consequently, ATP levels for the contracting muscle [46]. In addition, it is well known that during
exercise, insulin levels are decreased allowing the mobilisation of the supracited fuel substrates supporting skeletal
muscle contraction [47]. However, more recently Rector et al.
[38], studying the Otsuka Long-Evans Tokushima Fatty rat, a
common model of obesity, hepatic steatosis, and type 2 diabetes, examined the transition from free wheel access to voluntary running for 16 weeks (in order to prevent the development of hepatic steatosis) to a sedentary condition. After
the cessation of daily exercise (5–173 h), no changes occurred
in body weight, fat pad mass, food intake, serum insulin,
hepatic triglycerides, or in the exercise-suppressed hepatic
stearoyl-CoA desaturase-1, but complete hepatic fatty acid
oxidation and mitochondrial enzyme activities were reduced
in the rats that remain sedentary by 173 hours. A new question that arises from this topic is how slowly would be the
transition of an active state (hyperkinesia) to a sedentary
state in humans? Is it possible to avoid these deleterious
eﬀects upon the liver after the cessation of physical activity?
In another study, a recent question put foward by Noland
et al. [48] was “does having an elevated initial oxidative capacity, provided by a genetic model with inherent initial
diﬀerences in aerobic capacity allow protection against the
development of obesity and diabetes?” To investigate this, the
authors studied rats with low (LCR) and high (HCR) capacity endurance running fed with a pattern chow diet or a
high fat diet (HFD). The authors demonstrated that elevated
basal skeletal muscle oxidative capacity and the ability to
preserve liver oxidative capacity may protect HCR rats from
HFD-induced obesity and insulin resistance. Thus, renewed
questions regarding insulin and the liver are of interest.
On the other hand, the increase in glucagon enhances
the oxidation of NEFAs by stimulating pathways for fat oxidation within the liver [49], and this increased hepatic fat
oxidation promoted by exercise produces energy that fuels
gluconeogenesis [50]. The liver may itself modulate glucagon
action in relation to exercise, considering that, under glucagon infusion, liver glucose production at rest is higher in
trained individuals than in sedentary subjects [51], and also
that exercise is able to promote a higher liver sensitivity to
glucagon that could be due, at least in part, to an increased
glucagon receptor density in liver [52]. The magnitude of
these parameters generally increases with greater exercise
duration and intensity [49]; however the question resides
over the influence of acute and chronic exercise of diﬀerent

5
intensities upon glucagon secretion and liver metabolism
modulation.
Most investigations concerning hepatic regulation during exercise have been performed at moderate intensities,
although at higher intensities such regulation may be quite
diﬀerent and interesting. Firstly, the main identifiable difference is that during high intensity exercise (approximately
100% of VO2max ) catecholamines may increase by 10- to 15fold, while arterial glucagon may increase, remain the same,
or even decrease [53]. Secondly, circulating glucose levels
often increases at high-intensity training and this may prevent the fall or even lead to a increase in insulin levels [54],
suppressing glucagon eﬀects, but not aﬀecting catecholamine’s function considerably [55, 56]. In fact, earlier studies
performed by Galbo [54] and Marker et al. [57] showed that
glucagon response to high-intensity exercise was attenuated
and led to impairment of liver glycogen breakdown. Furthermore, although catecholamines secretion is higher during
high-intensity exercise (74% VO2max ) in comparison with
moderate-intensity exercise (41% VO2max ), several earlier
studies performed in humans showed that the attenuation
of sympathetic nerve activity [58], along with experiments
with liver transplant patients [59] does not aﬀect the glucose
response during a high-intensity exercise. Therefore, exercise
performed at high-intensity or for a long duration may be
modulating diﬀerent responses.
The existence of energetic stress in liver during exercise is
evidenced by the modulation of important metabolic pathways in this organ [60]. Exercise under moderate-/highintensity leads to exhaustion acknowledged to increase glucose production by the liver due to lower circulating glucose
levels. Hence, cAMP concentration decreases and AMP-toATP ratio increases suﬃciently to activate hepatic AMPactivated protein kinase (AMPK) [43, 61]. Berglund et al.
[43] recently demonstrated that glucagon exerts a critical
regulatory role in the liver, stimulating pathways linked to
lipid metabolism in vivo and showed that activation of glucagon receptors is implicated in the pronounced transcriptional regulation of hepatic genes after running acute exhaustion exercise at 20 m/min in rats. Glucagon action includes AMPK and p38 mitogen activated protein kinasedependent activation of peroxisome proliferator-activated
receptor-α (PPARα) [62]. This finding is important because
PPARα is a transcription factor critically required for many
aspects of hepatic lipid metabolism [4].
Therefore, studies which showed a favourable lipid
profile, including VLDL production by the liver, as induced
by exercise, especially those performed until exhaustion or
in a higher intensity [19] may be associated with adaptations
modulated through glucagon stimulation, although a causal
relationship needs still to be proven.
The energetic stress promoted by exercise also elevates
plasma catecholamine concentrations, which, via the activation of hepatic adrenergic receptors, may also lead to MAPK
activation [63]. However, it is not clear whether catecholamines are involved in the exercise-induced gene expression in
the liver [44]. Nevertheless, several studies have been carried
out [58, 64–66] to investigate the influence of adrenergic
stimulation on glucose and lipid metabolism in the liver.
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Certainly, we cannot exclude the possibility that hepatic
innervation is involved in the activation of hepatic MAPK
signalling during exercise and also that the intensity of the
stimulus may be an important factor in such modulation.
The information about decreasing liver glycogen content
or glucose intermediates during exercise at diﬀerent intensities is relayed through the aﬀerent activity of hepatic innervation to the central nervous system, contributing to the
modulation of the hormonal and consequently metabolic
responses to exercise, controlling glucose levels and optimising lipid metabolism in liver.

7. Conclusions
In summary, the liver functions as a central manager of
lipid metabolism in the organism, by regulating substrate
availability to other tissues. The total energy expenditure
generated during an exercise session is able to modulate the
capacity of the liver to perform this task. However, more
studies are necessary to elucidate which are the most important parameters inducing higher hepatic lipid secretion and
oxidation during exercise, especially in regard to eﬀorts of
high intensity. The answers are very likely to contribute to
more precise interventions in the population, contributing
in a more consistent manner to health issues.
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