2015, Retos, 27, 206-212

© Copyright: Federacion Espafiola de Asociaciones de Docentes de Educacion Fisica (FEADEF) ISSN: Edicion impresa: 1579-1726. Edicion Web: 1988-2041 (www.retos.org)

Exerdsel ntensty and Pogtprandial Lipemia
Laintensdad dd g erddoylalipemiaposprandial
Laurd A. Littlefield and Peter W. Grandjean
Baylor University, USA

Abstract. Exaggerated postprandia lipemia has been observed in metabolic and cardiovascular diseases and is associated with increased risk for
cardiovascular disease (CVD). Prior aerobic exercise reduces the triglyceride response to a high-fat med. The purpose of this review is to examine the
factors contributing to metabolic dydipidemia and to review available evidence supporting the role of aerobic exercise in reducing postprandial lipemia
The contribution of exercise intensity and excess-post exercise oxygen consumption (EPOC) to changes in postprandid lipemia is examined.

Key words. lipemia, Metabolic Syndrome, exercise, EPOC

Resumen. La exagerada lipemia postprandial exagerada ha sido observada en enfermedades metabdlicas y cardiovasculares, y esté asociada a un mayor
riesgo de enfermedad cardiovascular (ECV). Se ha encontrado que € gercicio aerébico previo reduce la respuesta de los triglicéridos a una comida rica
en grasas. El propdsito de esta revison es examinar los factores que contribuyen a la didipidemia metabdlica'y revisar la evidencia digponible que respada
d pape dd dercicio aerdbico en la reduccion de la lipemia postprandia. Se examina la contribucion de laintensdad del gercicio y € exceso de consumo
de oxigeno post-gercicio (EPOC) en los cambios en la lipemia postprandial.
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Introduction

Thecombination of increased dietary intake, sub-optima physica
activity, andincreased overweight and obesity hasplaced Americansat
an devated risk for the development of metabolic diseases. In 2008,
CVD accounted for 33%of desthsinAmerica, andremained theleading
cause of mortality among men and women (Roger et d., 2011).
Approximately 27% of the population met the criteriafor Metabolic
Syndrome(MetS) in 2000, thispercentagesignificantly increased from
23%in 1994 (Ford, Giles, & Mokdad, 2004). Thosewith MetSpossess
devatedrisk for thedevel opment of CVD, Type2 Disbetesand Stroke
(Kolovouet d., 2005; Wannamethee, Shaper, Lennon, & Morris, 2005).
Despite multiple available definitions, abdomind obesty and insulin
resstancearekey featuresthought to underlie MetS, and subsequently
CVD risk (Kasd, Pervanidou, Katsas, & Chrousos, 2011; Reaven,
1995).

In middle-aged overweight adults, following adjustment for
traditiond risk factors, non-fasting triglycerides remain a significant
predictor of CVD, whilefagting triglyceridesdonot (Bansd et d., 2007,
Patschetd., 1992). Exposureof thevascular endothdiumtotriglyceride-
rich lipoprotein (TRL) particles and their remnants promotes
aherosclerods and is fundamentd in the etiology of CVD (Hodis &
Mack, 1998; Zilveramit, 1979, 1995). For certainindividuas, including
thosewith Me&tS, hypertension, CVD and type 2 diabetes, non-fasting
triglycerides remain eevated above hedthy control vauesfor 6 to 8
hours following a med, increasing exposure of the vasculature to
aherogenicparticles(Kolovouetd., 2005; Kolovouet d., 2003; Kumar,
Madhu, Singh, & Gambhir, 2010). Whilemultiplefactorscontributeto
the development of postprandid lipemia, insulin resistance, associated
with metabolic conditions such asMetSand CV D, hasbeen shownto
contribute to hypertriglyceridemia (Ginsberg, Zhang, & Hernandez-
Ono, 2005).

A recent expert panel statement indicated that a desirable
postprandia triglyceride responseto ahigh-fat medl isno higher then
220 mg/dl (Kolovou et d., 2011). Based on these guiddines, even
otherwise-hedlthy overweight control subjects may diplay eevated
postprandia lipemiainresponsetoahigh-fat med (Patschetd., 1992).
Because non-fagting triglycerides are not typically messured in the
generd populaion, CVD risk for many individua swho areexposedto
postprandia lipemiamay be underestimated. Additionaly, Sdazar et
d. (Sdazar et d., 2011) have shown that 60% of men not meeting the
criteriafor MetSwereinsulin resstant, defined asthoseinthetop 25%
of fagting plasmainsulin concentration. In the same group of subjects,
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insulinresistant participantswho did not have diagnosableMetShad a
sgnificantly higher BMI, eg. 27 vs. 24.9kg/m?than non-insulinres stant
subjects (Sdazar et d., 2011). Other reports have shown that even
norma weightindividuasmay beinsulinresstant (McLaughlin, Allison,
Abbas, Lamendola, & Reaven, 2004). Thus overweight and norma
weight subjectswithout diagnosable metabolic disease may beinsulin
resigant and, asaresult, be proneto secondary dydipidemia Aerobic
exercise serves as a hon-pharmacologic therapeutic intervention that
lessenspostprandid lipemia, and may substantialy reducecardiovascular
diseaserisk.

Dydlipidemia

Dydipidemia is a common feature of atherosclerotic diseases
including MetS and can be characterized by eevated triglycerides, an
increased number of smal, dense LDLC particles, and low HDLC
(Kathiresan et ., 2006; Park, Kim, Lee, & Park, 2011). Elevationsin
triglyceride observed with insulin resistance and MetS are associated
with incressesin VLDL particle Sze and number (Adids, Olofsson,
Taskinen, & Boren, 2008; Kissebah, Alfard, Adams, & Wynn, 1976;
Luceroetd., 2012, Tanetd., 1995). Thelarge, triglyceride-richVLDL
produced under conditions of insulin resistance serve as precursorsto
atherogenic smdl, dense LDLC particles that are dowly degraded
(Demant & Packard, 1998). The combined effects of devated plasma
triglyceridesinconjunctionwithincreased adtivitiesof hepatictriglyceride
lipase (HTGL) and cholesterol ester trandfer protein (CETP) result in
amdl, denseHDL C particlesthat arergpidly deared fromthedirculation,
andatherogenicsmall, denseL DL C (Demant & Packard, 1998; Morton,
1999; Sandhofer et d., 2006; Xiao et d., 2008).

A large body of evidence confirmsthet elevated triglyceridesand
reduced HDLC are significantly associated with CVD risk (Audtin,
Hokanson, & Edwards, 1998; Gordonet d., 1989; Nationa Cholesterol
Education Program Expert Pand on Detection & Trestment of High
Blood Cholegterol in, 2002). Meta-andysishasshownthet, inmen, the
reldive risk (RR) for CVD associated with a 1 mmol/l increase in
triglyceridesissignificant at 32% (Augtinet ., 1998). Upon accounting
for HDLC and other CV D risk factors, the RR wasreduced to 14%, yet
remainedsatidicaly sgnificant (Audinetd., 1998). Theanti-atherogenic
properties of HDLC have primarily been associated with reverse
cholesteral trangport, and antioxidant and anti-inflammeatory functions
(Kontush & Chapman, 2006). Inmen, the CHD risk reduction associated
withalmg/dl increesein HDLCisapproximately 2% (Gordonet d.,
1989).

It has been proposed that the independent effect of elevated
triglyceridesin promoting CV D may beatributableto the presence of
triglyceride-richlipoproteinremnants(TRL) (Zilversmit, 1979, 1995).
Lipoprotein remnants of VLDL and chylomicrons are formed as a
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result of the activity of LPL and increased triglyceridelevels (Morton,
1999; Zilversmit, 1979). These remnants are rich in cholesterol ester
and canbedepostedinthearterid wal. Triglyceridelevel and remnant
lipoproteinsarestrongly and significantly associated, and arepredictive
of future CV D development (Imkeet d., 2005). Remnant-likecholesterol
is strongly and significantly associated with carotid intimarmedia
thicknessin hedlthy middle-aged men, thisindependent of triglyceride
leved (Karpeetd., 2001).

Pogtprandial Lipemia

A recent pand statement clarified the usefulness of non-fasting
triglyceridesin the prediction of CVD by reviewing large-scae trids
that included postprandid measurements (Kolovou et d., 2011). The
resultsfromthisreview indicatethat the pesk triglycerideresponsecan
be observed 4 hours postprandidly and that this response should be
lessthan220mg/dl (Kolovouetd., 2011). TRL, including chylomicrons
andVLDL, areincreased acutely following amed (Cohn, McNamara,
Cohn, Ordovas, & Schaefer, 1988). Chylomicrons contain
predominantly apo B 48, and are secreted from the intestine
postprandially, while apo B 100 containing VLDL particles are
hepatically derived (Kindd, Lee, & Tso, 2010).

Inthosewith normotriglyceridemiaand hypertriglyceridemia(eg.
mean triglyceride values of 93 and 244 mg/dl, respectively) the
postprandid increeseinboth chylomicronsandlarge VL DL isgdidicaly
significant (Wojczynski et d., 2011). Inthesamegroups, chylomicrons
wereincressed Sgnificantly followingahigh-fat medl, andtoad gnificantly
greater extent inthosewith evated fagting triglycerides (Wojczynski
etd., 2011). In hedthy controlsand in CAD patientswith normal and
devated fagting triglycerides, thereisagtatisticaly significantincrease
in large chylomicrons and VLDL 3 hours following a high-fat medl
(Karpe, Steiner, Olivecrona, Carlson, & Hamsten, 1993). When
compared to acontrol group, CAD patientswith hypertriglyceridemia
have significantly increassed large chylomicronsand VLDL a 3and 6
hourspogtprandidly (Karpeet d., 1993). Sedentary middle-aged men
with amean BMI of 25.7 kg/m2, and with fasting triglycerides below
221 mg/dl, display a significantly higher triglyceride AUC, when
compared to younger sedentary men with amean BMI of 23 kg/m?
(Jeckson et d., 2003). In gpparently hedthy control subjects with a
BMI above 25.0, postprandia lipid excursions have been shown to
excead the recommended cut-point of 220 mg/dl (Patsch et d., 1992).
Patsch et d., (Patsch et d., 1992) have shown that hedlthy control
participantswith norma fating triglycerideshavedevated postprandia
triglyceride responses of 263 and 225 mg/dl, respectively, at 4 and 6
hours Although thesevaluesweresignificantly lower thanagroupwith
CVD, they are above the recommended cut-point suggested in the
latest pandl statement. It can be concluded thet significant postprandia
increasesin lipoproteins are observed even in hedthy weight subjects
with norma triglycerides, and theseincreases are more pronounced in
themiddleaged, andinthosewith hypertriglyceridemiaand heart disease.

Factors Influencing Metabolic Dydipidemia

Altered activitiescholesterol ester trandfer protein (CETP), hepatic
triglyceride lipase (HTGL), and LPL may contribute to secondary
dydipidemiaby dtering thecomposition of lipoproteinsand/or affecting
their clearancerate(Morton, 1999; Xiaoet d., 2008). In obesesubjects
andinmenwith Met S, the mass of CETPisincreased above hedthy
controls, and CETPactivity hasbeen shown to beincreased following
amed (Ara et d., 1994; Sendhofer et d., 2006; Tall, Sammett, &
Granot, 1986). In men, BMI is strongly and significantly associated
withincreased HTGL activity, and L PL activity issignificantly reduced
in obese subjects (Nieet d., 1998).

Cholesterol Ester Transfer Protein

CETP is responsible for the transfer of cholesterol ester and
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triglyceridebetween HDL C and lipids containing apoprotein B (gpoB)
particles including VLDL, LDLC, chylomicrons, and intermediate
density lipoprotein (IDL) (Morton, 1999; Sandhofer et d., 2006). The
resultsof increased CETPactivity and hypertriglyceridemiaareHDLC
enriched with triglyceride and apo B particles that are enriched with
cholesterol ester (Lassdl, Guerin, Auboiron, Chapman, & Guy-Grand,
1998). Among Apo B containing particles, LDLC is responsible for
accepting the preponderance of cholesterol ester (Lassd et d., 1998).
Due, in part, to the action of CETP, the resulting triglyceride rich
HDLC are cleared morerapidly from the circulation, resulting in low
HDLC levels (Gazi et d., 2006; Rashid et ., 2002; Sandhofer et dl.,
2006; Xiaoet d., 2008). Among remnant lipoproteins, VVLDL particles
appear to accept a grester amount of cholesterol ester than do
chylomicron remnants, which may lead to an abundance of VVLDL
saturated with cholesterol ester (Kissebah et d., 1976; Lasd et d.,
1998).

Small, Dense LDLC

HTGL plays arole in the converson of VLDL to smdl, dense
LDLC particlesanditsactivity issignificantly and negatively correlated
with LDLC size and buoyancy (Zambon, Austin, Brown, Hokanson,
& Brunzdl,1993). Small, denseL DL C hasbeen shownto havealower
affinity for theL DL C receptor dueto conformetiona changesinapoB
100, and thereforemay bepresent in circulaionfor an extended period
of time(Gdeanoet d., 1994). Theatherogenicity of smdl, denseLDLC
particles arises from thelr increased susceptibility to oxidation when
comparedtolarger LDLC particles(Liuet ., 2002).

Oxidized LDLC particles contribute to atherosclerosis and
inflammetion in multipleways, being recognized most commonly for
their ability to betaken up by macrophagesthrough scavenger receptors,
leading to the development of foam cells (M. S. Brown, Basu, Falck,
Ho, & Goldgtein, 1980; Itabe, Obama, & Kato, 2011). In patientswith
CVD, the number of smal, dense LDLC particles is significantly
incressed when compared to hedlthy controls, despite smilar LDLC
levels (Koba et d., 2006). Gazi et d, have shown that smal, dense
LDLC particles are increased in MetS when compared to hedthy
controls, and that triglyceride concentration isasignificant predictor of
particlenumber (Gazi et d., 2006). Additiondly, theseauthors showed
that, in a small sub-set of patients with MetS who had triglyceride
vaues below 150 mg/dl, no difference was evident in mean LDLC
particle size compared to hedthy controls (Gazi et d., 2006). These
results confirm the close association between serum triglyceride
concentration and increased smdl, dense LDLC (Gaz et d., 2006;
Kathiresan et d., 2006).

Lipoprotein Lipase

LPL isresponsblefor the hydrolysis of triglyceride contained in
LDLC,VLDL, and chylomicronsanditsactivity ispartialy modul ated
by insulin (Maheux, Azhar, Kern, Chen, & Reuven, 1997; Nilsson-
Ehle, Garfinkdl, & Schotz, 1980). In adipose tissue, LPL activity is
greater with increased insulin concentration, whilein skeletal muscle,
theactivity of LPL isreduced under smilar conditions (Kiens, Lithell,
Mikines, & Richter, 1989; Kobayashi, Tashiro, Murano, Morisski, &
Saito, 1998; Sadur & Ecke, 1982). In subjects with MetS, the pre-
heparin mass of LPL is significantly and positively correlated with
HDLC, and significantly and negatively correlated with triglyceride,
blood glucose, and body weight (Nilsson-Ehleet d., 1980; Saiki et dl.,
2007). Post-heparin LPL activity is significantly reduced in obese
compared to lean subjects, and insulin resstant subjects have lower
LPL mRNA and protein content in skeletal musclethandonon-insulin
resstant controls (Aral et d., 1994; Morino et d., 2012). Sedentary,
overweight, middle-aged men have significantly lower post-heparin
LPL activity in both thefasted stateand 9 hoursfollowing amixed medl
when compared to younger norma weight men (Jackson et d., 2003).
Thus, reductionsin LPL activity have been observed in obese, insulin
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resistant, and overweight sedentary individuas, andlikely contributeto
reduced TRL clearance.

TRL are deared in amanner that is dependent on LPL mediated
hydrolyssof chylomicronsand VLDL (Nilsson-Ehleetd., 1980). The
ability of LPL to hydrolyze TRL may become overwhelmed in the
presenceof devated lipids(Bjorkegrenet d., 1996; Brunzell, Hazzard,
Porte, & Bierman, 1973). In hedthy men, the adminigtration of a
chylomicron-likelipid enulsionresultsin substantial increasesinplas-
matriglycerides, andlinear increasesinlargeVLDL partides(Bjorkegren
ed., 1996). Followingthelipidemulsion, Bjorkegrenet d. (Bjorkegren
et d., 1996), observed that the catabolic rate of large VLDL particles
was reduced subgtantially when compared to asdineinfusion control
condition, andthat therateof conversonof largeVLDL tosma | VLDL
wasdecreased (Bjorkegrenet ., 1996). Thus, it gopearsthat incressed
chylomicronsin the plasmaimpede clearance of VLDL particles, and
reduce the conversion of large VLDL to smdl VLDL. Pogtprandia
increasesin chylomicronswould lead to incressesin circulating TRL
andlargeVLDL particles.

Insulin Resistance

Insulin resistance and consequent hyperinsulinemia exacerbate
hypertriglyceridemia(Ginsberget d., 2005). In conditionsof metabolic
dysfunction, skeletal muscle, with adipose and hepatic tissues, may
become resgtant to the effects of insulin (Sdltid & Kahn, 2001). Asa
result, glucose upteke into skeletd muscle is decreased and insulin's
ability to suppress hepatic glucose secretion may be compromised
(Consali, 1992). PlasmaNEFA concentrationsmay be e evated dueto
insulinres stant adiposetissue (Kissebeh et d., 1976). Thedlevationsin
plasma NEFA, in conjunction with increased glucose flux resulting
from hyperglycemia, provide ample substrate for hepatic VLDL
overproduction (Kisssbahet d., 1976; Wu, Cappd, Matinez, & Stafford,
2010). In middle-aged men and women, the estimation of insulin
resi sance using thehomeostatic model assessment (HOMA) scorehas
beenshowntobesignificantly corrdlatedwithVLDL , rateof production
(Gill et d., 2004). Furthermore, when compared to lean counterparts,
obesesubjectshaveahigher VL DL secretionrateof apoB (Richesetd.,
1998). It canbecond uded that obesity and, pecificaly, insulinresstance,
areassoci ated withincreasad hepatic output of triglyceride-rich VLDL.

Lifestyle

Overweight and obesity, long with dietary composition and
physica inactivity areassociated with blood lipid abnormdities (Berg,
Frey, Baumgtark, Hdle, & Keul,1994; C. D. Brownet d., 2000; Lippi
etd., 2006, McLaughlinetd., 2004). Whileinsulinresstanceisobsarved
in norma weight subjects, a sgnificant increase in BMI has been
observed with increasing measures of insulin resstance, as defined as
thetop 25% of plasmainsulin concentration (McLaughlinet d., 2004;
Sdazar et d., 2011). In obesity, theeffect of insulinto suppresshepetic
lipid assembly iscompromised (McLaughlin et a., 2004). In addition,
the activities of CETP and HL have been shown to be increased in
obesity, while LPL activity is negetively correlated with bodyweight
(Ara etd., 1994; Sandhofer etd., 2006; Xiaoet d., 2008). A progpective
6.5 follow up study has shown that, with weight gain of 5% of initia
body weight and find BMI of lessthan 30 kg/im?, the number of large
VLDL particles increases significantly, by approximately a third
(Mantysdlka et d., 2012). Thus even those who experience modest
gainsinbody weight may devel op secondary dydipidemia Elevations
inpogtprandid lipemiaareknown to occur asaresult of ahigh-fat med,
andindividuasconsuming ahigh-fat dietsare exposed to postprandia
lipemiaasaresult (Hardman, Lawrence, & Herd, 1998; Wojczynski et
d., 2011). Thechronic effectsof overweight and obesity ondydipidemia
arecoupled with theacutedetrimental blood lipid aterationsthat occur
asaresult of ahighfat medl.

It can be concluded that postprandia increesesin triglyceride-rich
VLDL and chylomicronspromoteatherogenic dydipidemia Increases
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inTRL promotelow HDLCandincreased smdll, denseLDLC. Increased
activity of CETP and HL contribute to this effect by creeting gpo B
particles laden with cholesterol ester and triglyceride-rich HDLC,
meanwhilefacilitatingtheconversonof VLDL todenseLDLC (Arai et
., 1994; Sandhofer et d., 2006; Zambon et d., 1993). Reductionsin
LPL ectivity lead to compromised ability to clear TRL (Jecksonetd.,
2003; Zambonet d., 1993). Additiondly, theeffectsof insulinresstance
exacerbate postprandia lipemia and processes that contribute to
atherogenic dydipidemia These dterations in enzyme activity and
metabolicfunctionthat favor dydipidemiahavebeen describedinMetS
and obesity (Aral et d., 1994; Jackson et d., 2003; Sandhofer et d.,
2006).

Exerciseand Postprandial Lipemia

Aerobic exercise, performed 1 to 16 hoursbeforeahigh-fat med,
sgnificantly reduces postprandid triglyceride levels between 18 and
51% below non-exercise control values (Altena, Michaglson, Ball, &
Thomas, 2004; Gill et d., 2006; Petitt & Cureton, 2003; Zhang, Thomas,
& Ball, 1998). Sudiesthat support these effectshave used treadmiill or
cycling exercise of low-, moderate- , and maximal-intensity ranging
from 25t0 100% of VO,max (Freese, Levine, Chapman, Hausmen, &
Cureton, 2011; Gill et d., 2006; Gill, Murphy, & Hardman, 1998;
Katsanos, Grandjean, & Moffatt, 2004; Mestek et d ., 2008). Gill et d.
(Gill et d., 2006), have shown that 90 minutes of exercise at 50% of
VO,pesk performed on the day before a high-fat medl significantly
reduces pogtprandial chylomicrons, VLDL, and remnant lipoproteins
by 29, 34, and 35% when compared to non-exercisecontrol inmiddle-
aged overweight men. Thus, aerobic exerciseiscapableof reducingthe
postprandia increasein TRL, and substantialy reducing CVD risk.

Thereductionin postprandia lipemiahasbeen shownto berelated
to the energy that was expended during exercise (Burton, Makova,
Cedake, & Gill, 2008; Gill, Herd, & Hardman, 2002; Tsetsonis &
Hardman, 1996a, 1996b). When low- and moderate-intendity exercise
is compared, regardless of intensity or duration, a threshold energy
expenditure gppears to exist below which dterations in postprandiad
lipemiaare not stistically significant (Gill et d., 1998). Zhang et .
(Zhang, J, Fogt, & Fretwdll, 2007), have shown that the postprandia
reduction in triglycerides is Sgnificant following exercise a 60% of
maximal capacity only after sessonswhere450 caloriesor grester were
expended, and not following a sesson with a 300-calorie energy
expenditure. At imilar exerciseintengty, the postprandid triglyceride
reduction is sgnificant following caoric expenditure exceeding 800
caories, but not 400 cal ories(Tsetsonis& Hardman, 1996a). Mestek et
d.(Mestek et d., 2008), hasshown that a500-ca orieenergy expenditure
at 35-45 or 60-70% of maximal capacity lowers postprandial
triglycerides smilarly and significantly below non-exercise control.
Likewise, exerciseintensties of 32 and 63% of maximal capecity and
equa caloric expenditure of approximately 1,000 calories lower
postprandia triglycerides, with no differences between the two
conditions (Tsetsonis & Hardman, 1996b). Thus, following low- and
moderate- intendty exerciseaca oricexpenditureof 450-500 caloriesis
aufficient to favorably dter postprandid triglycerides. It is clear that
following low- and moderate- exercise, energy expenditure, instead of
intensity or duration, appears to determine reductions in postprandia
lipemia

Whileintensity, per se, doesnot seemto betheprimary determinant
of changesin postprandid lipemia, the only studiesthat have directly
compared exerciseof differingintengtieshaveused anarrow rangeof 31
to 60-70% of maxima capacity (Mestek et d., 2008; Tsetsonis &
Hardman, 19963). Furthermore, no studies have directly compared
low- and high-intensity exercise. In contragt tothe previoudy mentioned
investigations, thepostprandia responsestoisoca oricexercisesessons
a 25 and 65% of maxima capacity performed 1 hour beforeahigh-fat
med suggest thet thedterationsin postprandid triglyceridesfollowing
low- and moderate- intensity exercise may indeed differ (Katsanos et
., 2004). Despitesimilar energy expendituresof theexercisesessons,

Retos, nimero 27, 2015 (1° semestre)



postprandial triglyceridesfollowing exerciseat 65% of VO pesk were
sgnificantly attenuated when compared to non-exercisecontrol, while
the postprandia response following exercise at 25% of VO, peak was
similar to non-exercise control. Oneinvestigation, reporting the effects
of maximal-intensity exercise on postprandia lipemia, has shown that
4 30-second dl-out Sprints separated by 4 minutes of active recovery
significantly lower postprandid triglyceridesbe ow non- exercisecon-
trol (Freese et d., 2011). The approximate caoric expenditure of this
sessonwas 287 calories, substantialy below the gpparent threshold of
450-500 mentioned for low- and moderate- intensity exercise. This
finding may indicatethat thethreshold energy expenditurerequired for
favorabledterationsin postprandid lipemiaislower followingmaximal-
when compared to moderate- or low-intengity exercise. Comparisons
between low- and high- intensity exercise should be madeto examine
whether isocaloric exercise sessions affect postprandia lipemia
differently.

Support for the hypothes sthat exercise energy expenditure deter-
minesreductionsin pogtprandid lipemiacomesfrom studieswherethe
energy that was expended during exercise is replaced. Three sudies
havereported theeffectsof exercisewith andwithout energy replacement
onpogprandid lipemia(Burtonetd., 2008; Freeseet d., 2011; Harrison
etd., 2009). Thecdoricexpendituresfor thesestudiesare goproximetely
287,670, and 1500 cd ories. Thecorresponding Sgnificant postprandia
triglyceridereductionswere21, 14, and 40%foll owing exercisewithout
energy replacement when compared to non-exercisecontrol (Burton et
a., 2008; Freeeet d., 2011; Harrison et &, 2009).

Burtonetd. (Burtonet d., 2008), has shown thet exerciseat 50%
of maximal capecity withacd oric expenditureof 670 caorieswithout
energy replacement sgnificantly lowerspostprandia triglycerides14%
below non-exercise control, and 10% below exercise with energy
replacement in obese and overweight men (mean BMI 31.1 kg/m?).
Theenergy expended during exercisewasre-fedintheform of amixed
medl. Nodifferencein postprandid triglycerideswas observed between
the exercise with energy replacement trial and non-exercise control
(Burton et d., 2008). When compared to non-exercise contral, the
postprandial insulin concentrationwassignificantly reduced by 18 and
10% following exercise with energy deficit and exercise with energy
replacement (Burton et al., 2008). There was also a 10% sidticaly
sgnificantly lower postprandia insulin response following exercise
withenergy deficit when compared to exercisewithenergy replacement.
Of the 3 studies examining the effects of energy replacement on
postprandia lipemia, thisis the only experiment where investigetors
report asignificantly differentinsulinresponsefollowing exercisetrials
withand without energy replacement. Thisisasotheonly investigetion
to examine exercise energy replacement and postprandid lipemiain
obese and overweight subjects, a population is known to be proneto
insulinresiganceand glucoseintolerance(McLaughlinet d., 2004).

Harrisonetd. (Harrisonet ., 2009), provided smilar resultsusing
recregtiondly activemenwithamean BM| of 26 kg/n?. Intheenergy-
replacement tria, the parti cipantswerefed glucosein an amount equal
to the carbohydrate utilized during exercise. Higher-intensity exercise
combining continuousexercisea 70% of maximal capecity andmaximd-
effort bouts, and producing a1500 cal orieenergy expenditure, yielded
adatidicdly significant 40% difference in postprandia triglycerides
between exercisewith energy deficit and non-exercisecontrol. Asmdler,
but il Sgnificant (e.g. approximatdy 20%) differencebetweenexercise
with energy deficit and exercise with energy replacement was dso
found (Harrisonet d., 2009). Inagreement with Burton et d. (Burtonet
a., 2008), no differencesin postprandid triglycerides were observed
betweentheexercisewith energy replacement and non-exercisecontrol
condition. In contragt to the findings of Burton et d, (Burton et d.,
2008), insulin levelsdid not differ across conditions. When compared
to the work of Burton (Burton et d., 2008) the caloric expenditure
achievedinthisstudy issubstantidly grester, and therelaivereduction
inpostprandid triglyceridesmuch higher (e.g. 40% compared to 14%),
supporting the role of energy expenditure in reducing postprandia
triglycerides.
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Freeeetd. (Freeseet d., 2011), completed asmilar study using
maximal intendty exerciseof short duration. Theca oric expenditureof
the exercise session was approximately 287 cdories, andwasre-fedin
theform of amixed med.. Participantscompleted 4 maximal 30 second
cycling sprintsinterspersed with 4 minutes of active recovery (Freese
etd., 2011). Thesignificant differencesbetween triasfor postprandia
triglycerides were equal to 21% between exercise with energy deficit
and non-exercisecontrol, 12% between exercisewith energy deficitand
exercisewithenergy replacement, and 10% between exercisewith energy
replacement and control (Freeeet d., 2011). Of the 3 studieswherethe
energy expended during exercise has been replaced, thisis the only
work documenting a significantly lower postprandia triglyceride
responsefollowing exercise with energy replacement when compared
to non-exercise control. Thismay indicate aspecific benfit of higher-
intengty exercise on lowering postprandia triglycerides, even when
theenergy expended during exerciseisreplaced. Thisisoneof thefew
sudiesreporting theeffectsof only maximal intensity exercise, anditis
possiblethat alower caloric expenditureisrequired following thistype
of exerdiseto producesgnificant reductionsin postprandia triglycerides.

Excess Pogt-Exer cise Oxygen Consumption

Thereisevidencefor the effect of exerciseintengity inincreasng
post-exercise energy expenditure (Borshem & Bahr, 2003; LaForgia,
Withers, & Gore, 2006). Following isocaoric cycling exercise of 500
cdorieenergy expenditure, EPOCisggnificantly greater after asesson
a 75% of VO,max when compared to oneat 50%of VO, max (e.g. 4.8
Lvs.9L) (Phean, Reinke Harris, & Mdby, 1997). Evenhighintensity
exerciseof low caloric expenditure and short duration produce greeter
EPOC than lower-intensity exercise of longer duration (Sedlock,
Fissnger, & Meby, 1989). When measured for 14 hourspost-exercise,
80 minutes of cycling a 75% of maximal capecity resultsina30.1 L
EPOC, comparedtoonly 5.7 and 1.3 L following exercisefor 80minutes
at 50 and 29% (Bahr & Sgerged, 1991). Gore and Withers (Gore &
Withers, 1990), examined thedifferencesin EPOC following treedmiill
exercise a avaiegy of intendties and durations. Subjects performed
exerciseboutsat 30, 50, and 70% of VO, max for 20, 50 and 80 minutes
(Gore& Withers, 1990). Theseauthorsfound no statigtically significant
difference acrosstimefor the bouts at 30% of maximal capacity. Fifty
minutes of exercise at 50% and 70% of VO,max produced EPOC
values of 5.19 and 10.04 L, and 80 minutes at the corresponding
intengties yielded 6.10 and 14.59L (Gore & Withers, 1990). It was
concluded that intengity isthe primary factor determining increesesin
EPOC (Gore & Withers, 1990). It is evident thet exercise at or above
70% of maximal capacity produces grester EPOC than exercise a or
below 50% of maximal capacity. No studies have measured EPOC in
order to determineits contribution to changesin postprandid lipemia
Becausemogt sudiesexamining postprandid lipemiahavenot explored
higher-intensity exercise, favorableeffectsattributableto EPOC energy
expenditurehavelikely been overlooked.

Potential Mechanisms

While energy expenditure has been indicated as a primary
explanationfor thedecrementsinpostprandid lipemiafollowingexercise,
the precise physiologica mechanismsareelusive. Increased clearance
of VLDL and chylomicrons due to grester LPL activity offers one
explanation for the consstent reduction in postprandia triglycerides
following aerobic exercise (Greiwe, Holloszy, & Semenkovich, 2000;
Kiensetd., 1989). Increasesin skeletal muscleL PL activity havebeen
observed 24 hoursfollowing running exerciseat 75% VO, max, andat as
little as 4 hours after 60 minutes of knee extensor exercise at 75% of
maximum capecity (Kiens et d., 1989). LPL protein content in the
vaguslaerdisisincreased Sgnificantly 22 hourspost exercisefollowing
60 minutes of cycling exerciseat 65% VO, max (Greiweet d., 2000)

A recent sudy by Al-Shayji, Cadake, and Gill (Al-Shayji, Cadlake,
& Gill, 2012) supportsthe hypothesisthat in middle-aged overweight

- 209 -



men, thedearanceof VLDL, particulaly inthelarger fraction, isincressed
ontheday following exerciseat 50% YV O,max. Menwithamean BMI
of 31.1 kg/m?underwent Intralipidinfusion designed toblock catabolism
of large VLDL particles. Following exercise, VLDL triglyceride was
sgnificantly lower, and the catabalic rates of VLDL triglyceride and
apo B weresignificantly grester when compared to non-exercise con-
trol (Al-Shayji etd., 2012). VL DL productionwasnot changed following
theexerciseor non-exercisecontrol conditions. Thecomposition of the
VLDL particdlewaschanged following exercisewhen compared tonon-
exercisecontrol, witheach VL DL particlecontaining agrester anount
of triglyceride (Al-Shayji et d., 2012). The authors conclude that
dterationsin the composition of the VLDL partideitsalf may in fact
lend the particleto being cleared morergpidly (Al-Shayji et d., 2012).
Thiswork strongly suggeststhet increased dearanceof triglyceride-rich
particlesfollowing exercisemay explainimprovementsin postprandia
lipemia

Hepatic production of VLDL may decrease following a bout of
exercise. A recent study using healthy normal weight women showed
thet, onthemorning following exerciseat 60% of VO, pesk where 500
calories are expended, fasting VLDL is sgnificantly reduced when
comparedto non-exercisecontrol (Bellouet d., 2012). When compared
tonon-exercisecontrol, theexercisetria sgnificantly increased VLDL
dearanceand significantly reduced hepatic secretion (Bellouet d., 2012).
Up to 79% of the postprandia triglyceride reduction on the day
following exercise is atributable to hepatically derived large VLDL
(Gill et d., 2006; Gill, Frayn, Wootton, Miller, & Hardman, 2001).
Together, resultsfromBellouet d. (Bellouetd., 2012) andAl-Shayji et
d, (Al-Shayji etd., 2012), indicatethat thereductionintriglyceridesin
the hoursfollowing exerciseis dueto decreassesin VLDL production
andincressesinVLDL dearance.

The ability of exercise to increase glucose uptake and improve
insulinsengtivity may play aroleinreducing hepatic VL DL production
(King et d., 1995). During exercise glucose uptake isincreased in the
absence of insulin (Santos, Ribeiro, Gaya, Appell, & Duarte, 2008).
Exerdisereducesinaulinconcentrationinthepostprandid period: exercise
a 60% of VO,max 12 hours before an ordl fat tolerance test lowers
postprandid insulin concentration significantly when compared to non-
exercisecontrol and exercise 24 hoursbeforeamed (Gill & Hardman,
2000; Zhang et d., 2004). In obese men, high-intendity exercise, eg.
85% of VO, max toexhaustion, performed 12 hoursheforeaeuglycemic
hyperinsulinemicdamp gnificantly incressesglucosedisposd (Devlin
& Horton, 1985). LPL activity in skeletdl muscleis decreased under
conditions of eevated insulin concentration and therefore the lower
insulin concentrationsobservedfollowing exercisemay dlow for enhanced
LPL activity and subsequent triglyceridehydrolysis(Kienset d., 1989).
Inmiddle-aged overweight subjects, insulinres stance, etimated by the
HomeodaticModd Assessment (HOMA-IR), issignificantly correlated
with large VLDL production rete (Gill et d., 2004). The effect of
exerdseinincressnginsulinsengtivity and glucosedisposa may permit
improvements in hyperglycemia in subjects with metabolic disease.
Reduced glucoseddivery totheliver wouldlessen substrateavail ability
for VLDL assembly, and subsequently could reduce hepatic VLDL
production (Wu et d., 2010).

Hurren, Baanos, and Blannin (Hurren, Baanos, & Blannin, 2011),
haveshownthat, ontheday following 90 minutesof exerciseat 60% of
maximal capecity, total blood flow through the femord artery and
hepatic portd vein is significantly increesed during the postprandia
period when compared to anon-exercise control condition. Inaddition
toincreased blood flow, a22% lower postprandia triglycerideresponse
wasobserved following exercisewhen compared to non-exercise con-
trol (Hurrenetd., 2011). Thisstudy, conducted in sedentary overweight
men, providesevidencethet aterationsin bloodflow ontheday following
moderate-intensity exercise may indeed affect postprandid substrate
delivery to the tissues responsible for metabolizing fatty acids.

Potentid differences in postprandia lipemia following low- and
high- intendity exercisemay beobserved duetoincreased EPOC energy
expenditure following high-intensity exercise. Increased energy
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expenditure would require grester mobilization of energy storesfrom
hepatic tissue and skeletdl muscle. IMTG has been shown to berdied
upon more heavily during exercise a 65 and 85% when compared to
25% of maximd capacity (Romijnetd., 1993). Although carbohydrate
energy stores make a grester contribution to energy demands with
increasesin exercise intensity, lipid oxidation may beincreased in the
hours following exercise (Kuo, Fattor, Henderson, & Brooks, 2005;
Romijn et d., 1993). During the 3 hoursfollowing moderate intensity
exerciseat 45 and 65% of VO, peskK, lipid oxidetion isincreased when
comparedto non-exercisecontrol and pre-exerciseva ues(Mantyselka
ed., 2012). Enhancedlipid oxidationinthe post-exercise period coupled
withincreased EPOC following high-intensity exercise, may contribute
to an increased subdtrate deficit. The incressed utilization of IMTG
during exerciseand lipid oxidetion following exercisemay bepartiadly
respongble for dterationsin postprandia lipemia

Insummary, multiplefactorslikely contributetoimprovementsin
postprandia lipemiafollowing aerobic exercise. Following moderate-
and high-intensity exercise skeletdl muscle LPL activity is likely
increased, resulting in greater ability tocleer TRL (Greiweet d., 2000;
Kienset d., 1989). In addition, hepatic VL DL output may be reduced
in the hours following moderate-intendity exercise (Al-Shayji et d.,
2012, Gill etd., 2006). Reductionsin postprandid insulin concentration
have been observed following moderateexercise, and glucosedisposa
has been shown to be increased following higher-intendity exercise
(Devlin & Horton, 1985; Zhang et a., 2004). These factors, in
combination with increased blood flow to skeletal muscle and hepatic
tissue, may contribute to the beneficia effects of aerobic exercise on
postprandia blood lipids (Hurren et d., 2011).

Conclusions

Atherogenic diseeseistheleading cause of desthin United States,
withtheprevaenceof obesity and MetSincreasing (Ogdenet d ., 2006;
Roger et d., 2011). Blood lipid changes that occur in the postprandia
state promote CV D, with triglyceride-rich particleselevated following
medls (Wojczynski et d., 2011; Zilveramit, 1979). Low-, moderate-,
and high- intensity aerobic exercise is known to favorably ater
postprandia lipids, and is a ussful modadlity for reducing CVD risk
(Freese et al., 2011; Tsetsonis & Hardman, 1996a). The energy
expenditure of exercise gppears to dictate aterations in postprandial
lipemia(Gill et d., 1998). While multiple studies have compared |ow-
and moderate- intengity exercise, none have directly compared low-
and high- intengity exercise. Higher-intensity exerciseisknownto pro-
ducegrester post-exerciseenergy expenditure(Borshem& Bahr, 2003).
The contribution of EPOC to changesin postprandia lipemiahas not
been determined. Because changesin postprandia lipemiahave been
linkedto exerciseenergy expenditure, itispossiblethat increesed EPOC
following high+intensty exerciseexplainsthefavorableeffectsof exercise
of greater intengity on postprandid lipemia.
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