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Abstract

Objective: to test the hypothesis that acute physical exercise would change the fatty acids in the serum of individuals with increased body weight.

Method: sixty-six sedentary women with excess weight were included in the sample (BMI = 29.6 + 4.2). They were aged 24.4 + 3.6 years and
were randomly divided into control and exercise groups. After 12 hours fasting, basal blood collection was performed. Twelve hours after the first
collection, the exercise group was submitted to a physical exercise session with energy expenditure of 250 kcal. The volunteers underwent a
second blood collection 24 hours after the first one and dosed the fatty acids: pelargonic, azelaic, elaidic and oleic.

Results: physical exercise did not change the fatty acid profile response for both the intragroup analysis and intergroup analysis. Exercise
group: pelargonic (before = 0.12 + 0.06% vs after = 0.15 + 0.14%, p = 0.507); azelaic (before = 20.3 + 10.5% vs after = 27.7 + 25.4%,
p = 0.295); elaidic (before = 0.03 + 0.01% vs after = 0.04 = 0.01%, p = 0.328); oleic (before = 16.1 = 7.4% vs after = 20.3 + 14.6%,
p = 0.236). Control group: pelargonic (before = 0.70 + 0.45% vs after = 0.71 + 0.51%, p = 0.776); azelaic (before = 62.1 + 26% vs after =

Key words: 57.1 £ 27%, p = 0.197); elaidic (before = 0.05 + 0.02% mg/dl vs after = 0.05 + 0.03%, p = 0.530); oleic (before = 26.8 + 22.7% mg/dl vs
Obesi ‘ after = 29.0 + 22.4%, p = 0.525).
esity. Exercise.
Fatty acids. Conclusion: in women with overweight, low intensity physical exercise is not capable of changing the medium-chain fatty acids in the first 12 hours.
Resumen

Objetivo: probar la hipétesis de que ejercicio fisico agudo cambiaria los cidos grasos en el suero de las personas con mayor peso corporal.

Método: se incluyeron en la muestra sesenta y seis mujeres sedentarias con exceso de peso (IMC = 29.6 + 4.2). Tenian una edad de 24,4 +
3,6 afos y se dividieron aleatoriamente en grupos de control y ejercicio. Después de 12 horas de ayuno, se realizd la extraccion de sangre basal.
Doce horas después de la primera extraccion, el grupo de ejercicio se sometio a una sesion de ejercicio fisico con un gasto de energia de 250
kcal. Los voluntarios se sometieron a una segunda extraccion de sangre 24 horas después de la primera con dosificacion de los acidos grasos:
pelargdnico, azelaico, elaidico y oleico.

Resultados: el gjercicio fisico no modificd la respuesta del perfil de &cidos grasos para el andlisis intragrupo y el andlisis intergrupo. Ejercicio
grupo: pelargonico (antes = 0,12 + 0,06% vs después = 0,15 = 0,14%, p = 0,507); azelaico (antes = 20,3 = 10,5% vs después = 27,7 +
25,4%, p = 0,295); elaidico (antes = 0,03 + 0,01% vs después = 0,04 + 0,01%, p = 0,328); oleico (antes = 16,1 + 7,4% vs después = 20,3
+ 14,6%, p = 0,236). Grupo de control: pelargénico (antes = 0,70 + 0,45% vs después = 0,71 + 0,51%, p = 0,776); azelaico (antes = 62,1
+ 26% vs después = 57,1 + 27%, p = 0,197); elaidico (antes = 0,05 + 0,02% mg/dl vs después = 0,05 + 0,03%, p = 0,530); oleico (antes

Palabras clave: =26.8 + 22,7% mg/dl vs después = 29,0 + 22,4%, p = 0,525).
Obesidad. Ejercicio. Conclusién: en mujeres con sobrepeso, el ejercicio fisico de baja intensidad no produce ningtin cambio en los &cidos grasos de cadena media
Acidos grasos. en las primeras 12 horas.
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OF INDIVIDUALS WITH OVERWEIGHT

INTRODUCTION

Fatty acids, the constituent elements of lipids, are organic com-
ponents that contain carbon and hydrogen in their molecules.
When short and medium-chain fatty acids (C4-C12) are not sup-
plied by the diet, they are synthesized, mainly in the cytoplasm
of hepatic and adipose tissue cells. The long-chain fatty acids
(C12-C24) are supplied by the diet (1).

The process of fatty acid uptake and oxidation is of particular
metabolic significance, both at rest and during light to mod-
erate exercise. The fatty acids are the predominant source of
substrate for adenosine triphosphate (ATP) resynthesis. During
aerobic exercise, there is an increase in the release of fatty
acids from the adipose tissue to accommodate the increased
energy needs caused by exercise (2). As exercise progresses,
long-chain fatty acids, provided by the blood or from hydrolysis
of intramuscular triacylglycerols, are metabolized to generate
energy. The supply of fatty acids from the hydrolysis of intramus-
cular triacylglycerols is limited and during exercise, the myocytes
consume approximately 90% of the free fatty acids derived from
blood plasma (3).

Studies have also suggested that physical exercise performed
in an acute manner promotes changes in the fatty acid transport
genes, preceding increases in RNAm expression (4). This allows
optimal delivery of fatty acids to the transporters, and their greater
metabolism, although the latter has not been tested yet (5).

The use of lipids is modulated by the availability of fatty acids
in plasma and obesity may influence the increase in plasma AG
levels (6). Glycolytic activity is changed in this population, and
lipid metabolism becomes a preferential pathway. In obese sub-
jects, the metabolic responses of fatty acid mobilization appear
to be favored by aerobic activity; however, the responses are not
conclusive yet (7).

Therefore, the aim of this study was to test the hypothesis that
acute physical exercise would change the medium and long-chain
fatty acids in the serum of individuals with increased body weight.

METHODS

STUDY DESIGN AND POPULATION

This randomized clinical trial, registered in clinical trial under
protocol NCT03170973, was conducted with a population acces-
sible to the School Clinic of the Adventist Faculty of Bahia, Brazil.
Data collection was performed from September 2015 to May
2016.

All the women registered with the Physical Therapy Service
of the Clinic School who had a body mass index (BMI) above
24.99 kg/m?were invited to participate in the study. A total of
66 volunteers fulfilled the inclusion criteria, which were: age
between 18 and 30 years, BMI > 24,99 kg/m?and sedentarism.
Sedentarism was determined based on the International Physical
Activity Questionnaire - Long Version (8). Women who presented
with cardiovascular and metabolic disease, hypothyroidism, renal
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parenchymal disease or diabetes mellitus, history of alcoholism
or smoking, or use of hypolipemiant, corticosteroids, diuretics,
beta-blockers, and contraceptive medications were excluded from
the study.

The women were randomly divided into two groups: exercise
group and control group, both with 33 volunteers.

EXERCISE GROUP

After 12 hours fasting, the volunteers were submitted to blood
collection, in the antecubital vein, to measure the basal serum
values of triglycerides, total and fractionated cholesterol, glyce-
mia and insulin. The HOMA-IR and HOMA-f index values were
calculated from the glycemia and insulin values, by means of the
equation proposed by Mathews (9).

When 12 hours had elapsed after the first blood collection,
the patients performed a physical exercise session on an ergo-
metric treadmill. This was divided into three time intervals:
warming up, conditioning and cooling down. The duration of
the warming up period was seven minutes and of the cooling
down, five minutes, and conditioning time corresponded to
an energy expenditure of 250 kcal (10) with light intensity
based on the Borg (11) rating of perceived exertion, that is,
on the original scale: a value between 9 and 11. For better
understanding of this scale, on the day before the exercise,
the volunteers got familiar with the Borg concept in order to
get used to providing adequate answers when they were asked
about the intensity of the exercise. A cardiac frequency meter
was used, which measured the energy expenditure based on
the volunteer’s body mass, sex and age.

After the physical exercise session, the volunteers were
instructed to go home and keep to their habitual diet. When 24
hours had elapsed after the first blood collection, the volunteers
returned to the laboratory after a 12-hour fasting, and once again
had blood samples collected. The diet of the previous two days
before the blood exam was evaluated by means of a 24 hours
diet diary.

CONTROL GROUP

The women in the control group were submitted to the same
data collection protocol as that of the experimental group, how-
ever, they did not do the exercise 12 hours after the first blood
collection. They were instructed not to perform any physical exer-
cise on the two days before blood collection, as shown in the flow
diagram presented in figure 1.

24-HOUR DIET DIARY

Once again, they were evaluated as regards their diet on the
day before the exam by means of keeping a 24-hour food-intake
diary. The 24-hour food intake diary was evaluated by means
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Figure 1.
Flow diagram showing data collection.

of an interview held at the time of blood collection, in which the
volunteers informed what they had consumed on the day before
the interview, in the three main meals and between these meals.
The instrument was applied by the same examiner, and to facili-
tate responses, home measurements were used (12). Quantitative
evaluation of the diet was performed by using the Avanutri Revolu-
tion software. For the purposes of analysis the consumption of the
following were considered: micronutrients (vitamins and minerals),
cholesterol, total saturated, monounsaturated and polyunsaturated
fats and total dietary fiber, using the parameters of the Brazilian
Society of Cardiology (13).

BLOOD COLLECTION AND FATTY ACID
ANALYSIS

The volunteers were submitted to blood collection after fasting
for 12 hours. Samples of 5 ml of blood were collected in tubes
with EDTA, and after collection the samples were centrifuged at
a speed of 3,000 rpm for ten minutes.

Fatty acids, which have 9C (azelaic and pelargonic) and 18C
(oleic and elaidic) carbon molecules tested in this study are
considered as medium- and long-chain fatty acids and would
be able to be more easily metabolized in the mitochondria for
energy production. In addition to this aspect, oleic acid is a fatty

acid highly stimulated for consumption as it becomes interesting
to understand how physical exercise interferes in this fatty acid
as well as its geometric isomer (elaidic) and its by-products of
metabolism (azelaic and pelargonic) (14).

The initial stage for fatty acid analysis was trans-esterification
of the samples by means of successive stages. The first stage was
extraction; then, the hydrolysis and esterification stages began.
In the same way, the patterns at 99% purity of the fatty acids
(pelargonic, azelaic, oleic and elaidic) were also trans-esterified
in the different stages (15).

After trans-esterification of the patterns and samples, these
were analyzed by gas chromatography (16) by means of the
Thermo Scientific appliance, model Focus GC™, serial no.:
10902047. Methanol was used as solvent.

The maximum temperature used for conditioning the column
was 230 °C, with readout time of 21.78 minutes and ramp of
30 °C/min (17).

Identification of the patterns proceeded with isolated readout
of the samples in 21.78 minutes, to determine their respective
retention times and area, followed by simultaneous readout, to
construct a single pattern.

The retention times (t) and area (a) of the pelargonic, azelaic,
elaidic and oleic acids were: 5.9 minutes and 537,138,819; 7.8
minutes and 113,433,890; 9.4 minutes and 1,274,291,989; and
12.9 minutes and 75,971,297, respectively.
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ETHICAL ASPECTS

This study was submitted to the Research Ethics Committee
of the Faculdade Adventista da Bahia and approved under pro-
tocol no. 34017514.5.0000.0042. Throughout the entire study,
the guidelines on research with human beings of Resolution
466/2012 of the National Health Council were observed.

STATISTICAL ANALYSIS

The data were previously analyzed by the Shapiro-Wilk test,
with regard to symmetry. For characterization of the following
variables: BMI, age, HOMA-IR, HOMA-, insulin, glycemia, TG,
CT, HDL, LDL and TG/HDL, vitamins, minerals and fatty acids, the
mean and standard deviation or median and interquartile interval
were used, depending on the behavior of the variable. The level
of significance was defined by the value of p < 0.05.

For comparison of the effects of exercise on the percentage of
fatty acids (pelargonic, azelaic, elaidic and oleic) in the serum of
obese women, inter- and intragroup comparisons were made by
using the paired and non-paired Student’s-t test in cases of sym-
metry. The data were analyzed by using the Statistical Package
for the Social Sciences (SPSS) software program, version 24.0.

RESULTS

In table | the authors observed that no differences were found
when the clinical, anthropometric and lipid profile variables

Table I. Clinical and anthropometric
characteristics of the sample per control
and exercise group, on the first day of
blood collection (n = 66)

were compared. The insulin, insulin resistance and insulin
sensitivity values were observed to be more elevated in the
control group.

In table Il the intra-group analysis of the percentages of fat-
ty acids contained in the serum of women with increased body
weight may be observed. No differences between the control and
exercise groups were found when the percentages of fatty acids
before and afterwards were compared.

When the intergroup analysis was performed of the differenc-
es (after/before) in the percentages of fatty acids contained in
the serum of women with increased body weight, the authors
observed that no differences were found between the control and
exercise groups (Table IIl).

Table Il. Intra-group analysis of the
percentages of fatty acids contained
in the serum of women with increased
weight, before and after, in the exercise
and control groups

| Before | After P
GE (n =33)
Pelargonic (%) 0.12 + 0,06 015+0.4 0.507
Azelaic (%) 20.3+10,5 27.7+254 0.295
Elaidic (%) 0.03 + 0,01 0.04 +0.02 0.328
Oleic (%) 16.1+74 20.3+14.6 0.236
GC (n=33)
Pelargonic (%) 0.70 0,45 0.71 £ 0.51 0.935
Azelaic (%) 62.1 +26 571 x27 0.197
Elaidic (%) 0.05+ 0,02 0.05+0.03 0.530
Oleic (%) 26.8 £ 22,7 29.0+22.4 0.525

CG EG

Variables (n=33) | (n=33) P
Age 23+4 | 25+3 | 0.25
Body mass index 30x4 29+ 4 0.44
Triglycerides (mg/dl) 99+43 | 102+64 | 0.81

Total cholesterol (mg/dl) 163+29 | 159+30 | 0.59

High density lipoprotein (mg/dl) 45+ 8 49+10 | 0.11

CG: control group, EG: exercise group. Mean + standard deviation, paired
Student’s-t test.

Table lll. Analysis of A (value % after-
value % before) of medium and long
chain fatty acids in the control and
exercise groups (n = 33)

Low density lipoprotein (mg/dl) 97 +24 | 89+26 | 018 GC GE p-value
TG/HDL 2414 | 22+16 | 0897 :

Glycemia (mg/d) 84+9 | 82+8 | 022 ﬁkﬁelargomc 002+012 | 001033 | 0.984
Insulin (melu/mi) 12+6 | 8+5 | 001" A Azelaic (%) | 7.34+2884 | 5011632 | 0.548
HOMA-IR 29+14 | 20+13 ] 001" A Elaidic (%) | 001002 | 001+004 | 0952
HOMA-B 40+19 | 27+18 | 0.01* AOleic (%) | 417+1441 | 001+274 | 0356

CG: control group; EG: experimental group. Mean + Standard deviation;
Student’s-t test. “p < 0.05.

[Nutr Hosp 2018;35(6):1310-1315]
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DISCUSSION

In our studies, there was no evidence of differences in the
percentages of plasma medium-chain fatty acids after low
intensity physical activity. Studies have suggested that acute
physical exercise promoted changes in the fatty acid transport
genes, preceding increases in RNAm expression (4), and that the
change in these transporters favored greater fatty acid metab-
olization (5). Moreover, it is possible that exercise changes the
composition of the fatty acids in plasma (18). In our study, we
observed that the medium- and long-chain fatty acids present in
the plasma of individuals with increased weight did not undergo
changes 12 hours after the practice of low intensity physical
EXercise.

The process of fatty acid uptake and oxidation is of significant
importance, both at rest and during light to moderate exercis-
es. The fatty acids are the predominant source of substrate for
ATP resynthesis (2). Oxidative metabolism allows energy to be
obtained from fatty acids in an intramitochondrial localization.
Thus, to enable acyl-CoA to be used by it (oxidative metabolism),
itis necessary to overcome the impermeability of the external and
cytoplasmic membrane of the mitochondria to attain the acyl-
CoA. The enzyme responsible for this transport is carnitine-CoA
acyltransferase (carnitine O-palmitoyltransferase). This enzyme
presents greater specificity for palmitoyl-CoA, however, it cat-
alyzes transport of fatty acids with a carbonated chain length
between C4 and C18. Fatty acid chains longer than these are
more difficult to be transported. Once within the mitochondria,
acyl-CoA may be used in the lipolytic metabolism of Lynen (12).
The fatty acids, which have 9C (azelaic and pelargonic) and 18C
carbon molecules (oleic and elaidic), tested in this study are con-
sidered as medium- and long-chain fatty acids, and would have
conditions to be more easily metabolized in the mitochondria for
energy production. These fatty acids would be expected to present
reduced percentages after physical activity.

Different studies have been presented relating to the effect of
physical exercise on lipids; however, the results are still contro-
versial (7,19,20,21). Over the last few decades, growing evidence
could be observed that acute physical exercise could have a ben-
eficial effect on the lipid profile (22,23,24), and it has also been
observed that its effect could last for up to 48 hours after the
exercise session (25). It is worth pointing out that the majority of
studies have evaluated the late effect of acute exercise on lipids
after time intervals of 12, 24 and 48 h. The difficulty with analy-
ses and interpretation of these studies lies in the use of different
physical activity protocols established (26).

In studies that have evaluated the drop in triglycerides in the
post-prandial period, the calorie expenditure with physical exer-
cise was the determinant factor in the magnitude of the drop in
triglycerides. These studies suggested that very low intensities
might not present significant results, due to the fact that they do
not attain an adequate calorie expenditure to cause a reduction
in the triglycerides (27,28), contradicting studies that suggested
the practice of low intensity activity for better effect on fats oxi-
dation (7,29).

D. S. Wagmacker et al.

As observed in table |, the control group presented a higher
insulin index when compared to the exercise group. Since the
increase in insulin could limit the mobilization of fatty acids (30),
greater fatty acid mobilization was to be expected in the exercise
group. However, in spite of the lower insulin values in the exercise
group, this aspect did not favor greater fatty acid mobilization,
because no differences were observed in the pelargonic, azelaic,
oleic and elaidic values between the control and exercise groups.

Among the limitations observed in this study, the following are
included: a single time interval of observation of the responses
related to fatty acids 12 hours after exercise, and absence of
caloric expenditure above 250 kcal for different comparisons. With
reference to physical activity, factors such as calorie expenditure
and time of observation may have a strong influence on the met-
abolic responses (31). This study presented the responses to a
calorie expenditure and specific time, and for these variables, no
changes were observed in the different fatty acid values, which
cannot be affirmed for time intervals longer than 12 hours and
calorie expenditures different from 250 kcal. Different physical
exercise protocols must be investigated to contribute further elu-
cidation about the effects of physical activity on the medium- and
long-chain fatty acids.

CONCLUSION

According to the results of this study, low intensity physical
exercise does not change the medium- and long-chain fatty acids,
in a subacute manner, in overweight women.

ACADEMIC CONNECTION

This research is part of the doctoral thesis of Djeyne Silveira
Wagmacker, at the Bahiana School of Medicine and Public Health,
Salvador, BA, Brazil.

REFERENCES

1. Kadhum AA, Shamma MN. Edible lipids modification processes: a review.
Crit Rev Food Sci Nutr 2017;57(1):48-58. DOI: 10.1080/10408398.2013.
848834

2. Jayewardene AF, Mavros Y, Reeves A, Hancock DP, Gwinn T, Rooney KB.
Interactions between fatty acid transport proteins, genes that encode for
them, and exercise: a systematic review. J Cell Physiol 2016;231(8):1671-
87.DO0I: 10.1002/jcp.25281

3. Harasim E, Kalinowska A, Stepek T, Chabowski A. The role of fatty-acid
transport proteins (FAT/CD36, FABPpm, FATP) in lipid metabolism in skeletal
muscles. Postepy Hig Med Dosw 2008;62:433-41.

4. Barres R, Yan J, Egan B, Treebak JT, Rasmussen M, Fritz T, et al. Acute exer-
cise remodels promoter methylation in human skeletal muscle. Cell Metab
2012;15(3):405-11. DOI: 10.1016/j.cmet.2012.01.001

5. Egan B, Zierath JR. Exercise metabolism and the molecular regulation of
skeletal muscle adaptation. Cell Metab 2013;17(2):162-84. DOI: 10.1016/j.
cmet.2012.12.012

6. Jongh RT, Serné EH, ljizerman RG, Vries G, Stehouwer CDA. Free fatty acid
levels modulate microvascular function. Diabetes 2004;53:2873-82.

7. Jabbour G, lancu H-D, Paulin A, Lavoie J-M, Lemoine-Morel S, Zouhal H.
Effects of acute supramaximal cycle exercise on plasma FFA concentration

[Nutr Hosp 2018;35(6):1310-1315]



INFLUENCE OF SUBACUTE PHYSICAL EXERCISE ON MEDIUM- AND LONG-CHAIN FATTY ACID PROFILE IN SERUM

OF INDIVIDUALS WITH OVERWEIGHT

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

in obese adolescent boys. PLoS One 2015;10(6):0129654. DOI: 10.1371/
journal.pone.0129654

. Matsudo S, Aratjo T, Marsudo V, Andrade D, Andrade E, Oliveira LC, et al.

Questindrio internacional de atividade fisica (IPAQ): estudo de validade e
reprodutibilidade no Brasil. Rev Bras Ativ Fis Saude 2001;6(2):05-18.

. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.

Homeostasis model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man. Diabetologia
1985;28:412-9.

Plaisance EP, Mestek ML, Mahurin AJ. Postprandial triglyceride responses to
aerobic exercise and extended-release niacin. Am J Clin Nutr 2008;88(4):30-7.
Chen MJ, Fan X, Moe ST. Criterion-related validity of the Borg ratings of
perceived exertion scale in healthy individuals: a meta-analysis. J Sports
Sci 2002;20:873-99.

Fisberg RM, Villar BS. Manual de receitas e medidas caseiras para calculo
de inquéritos alimentares. Séo Paulo: Signus; 2002.

Santos RD, Gagliardi ACM, Xavier HT, Magnoni CD, Cassani R, Lottenberg AMP,
et al. Sociedade Brasileira de Cardiologia. | Diretriz sobre o consumo de Gor-
duras e Satde Cardiovascular. Arq Bras Cardiol 2013;100(1 Suppl 3):1-40.
Makinen S, Nguyen HY, Skrobuk P, Koistinen HA. Palmitate and oleate exert
differential effects on insulin signalling and glucose uptake in human skeletal
muscle cells. Endocr Connect 2017;6(5):331-9.

Bligh EG, Dyer WJ. A rapid method of total lipid extraction and purification.
Can J Biochem Physiol 1958;27(8):911-7.

Garelnabi M, Litvinov D, Parthasarathy S. Evaluation of a gas chromatography
method for azelaic acid determination in selected biological samples. NAm J
Med Sci 2010;2(9):397-402. D0I:10.4297/najms.2010.2397

Miyamoto S, Taylor SL, Barupal DK, Taguchi A, Wohlgemuth G, Wikoff WR, et
al. Systemic metabolomic changes in blood samples of lung cancer patients
identified by gas chromatography time-of-flight mass spectrometry. Yeung
PKF, ed. Metabolites 2015;5(2):192-210. DOI:10.3390/metabo5020192.
Lee S, Norheim F, Gulseth HL, Langleite TM, Kolnes KJ, Tangen DS. Interaction
between plasma fetuin-A and free fatty acids predicts changes in insulin
sensitivity in response to long-term exercise. Physiol Rep 2017;5(5):e13183.
DOI:10.14814/phy2.13183

Bilet L, Brouwers B, Van Ewijk PA, Hesselink MKC, Kooi ME, Schrauwen P.
Acute exercise does not decrease liver fat in men with overweight or NAFLD.
Sci Rep 2015;13(5):9709. DOI: 10.1038/srep09709

[Nutr Hosp 2018;35(6):1310-1315]

20.

21

22.

23.

24.

25.

26.

271.

28.

29.

30.

31.

1315

Thivel D, Metz L, Julien A, Morio B, Duche P. Obese but not lean adolescents
spontaneously decrease energy intake after intensive exercise. Physiol Behav
2014;123:41-6. DOI: 10.1016/j.physbeh.2013.09.018

Bodel NG, Gillum T. 90 minutes of moderate-intensity exercise does
not attenuate postprandial triglycerides in older adults. Int J Exerc Sci
2016;9(5):677-84.

Durstine JL, Ferguson MA, Szymanski LM, Davis PG, Alderson LN, Trost SG,
et al. Effect of single session exercise on lipoprotein(a). Med Sci Sports Exerc
1996;28:1277-81.

Harrison M, 0’Gorman DJ, McCaffrey N, Hamilton MT, Zderic TW, Carson BP,
et al. Influence of acute exercise with and without carbohydrate replacement
on postprandial lipid metabolism. J Appl Phisiol 2009;106(3):943-9. DOI:
10.1152/japplphysiol.91367.2008

Davitt PM, Arent SM, Tuazon MA, Golem DL, Henderson GC. Postprandial
triglyceride and free fatty acid metabolism in obese women after either
endurance or resistance exercise. J Appl Physiol 2013;114:1743-54. DOI:
10.1152/japplphysiol.00095.2013.

Durstine JL, Thompson PD. Exercise in the treatment of lipid disorders. Cardiol
Clin 2001;19:471-88.

Thivel D, Rumbold PL, King NA, Pereira B, Blundell JE, Mathieu M-E. Acute
post-exercise energy and macronutrient intake in lean and obese youth:
a systematic review and meta-analysis. Int J Obes 2016;40(10):1469-79.
DOI:10.1038/ij0.2016.122

Ferreira AP, Ferreira CB, Souza VC, Cdrdova COA, Silva GCB, Nobrega OT, et
al. The influence of intense intermittent versus moderate continuous exer-
cise on postprandial lipemia. Clinics 2011;66(4):535-41. DOI: 10.1590/
5180759322011000400003

Katsanos CS, Grandjean PW, Moffatt RJ. Effects of low moderate exercise
intensity on postprandial lipemia and postheparin plasma lipoprotein lipase
activity in physically active men. J Appl Physiol 2004;96:181-8.

Vistisen B, Nybo L, Xu X, Hoy C-E, Kiens B. Minor amounts of plasma medium-
chain fatty acids and no improved time trial performance after consuming
lipids. J Appl Physiol 2003;95(6):2434-43.

Hall GV. The physiological regulation of skeletal muscle fatty acid supply and
oxidation during moderate-intensity exercise. Sports Med 2015;45(Suppl
1):523-532. DOI: 10.1007/540279-015-0394-8

Petto J, Batista ARMS, Oliveira CS, Ladeia AMT. Efeito agudo do exercicio fisi-
co na lipemia pos-prandial: reviséo. Rev Bras Fisiol Exercicio 2012;11:111-4,



