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Abstract: The aim of this study was to analyze the acute metabolic response to exercise in fast-

ing and postprandial. For this, ten individuals were submitted to an incremental treadmill test, 

with an initial speed of 5 and 1 km/h increments every minute, with no inclination, and a body 

composition assessment. After this 1st day, all volunteers were submitted to two experimental 

procedures (fasting and postprandial), with an aerobic exercise performed for 36 minutes at 65% 

of maximal oxygen consumption. At postprandial procedure, all subjects ingested a breakfast 

containing 59.3 g of carbohydrate (76.73%), 9.97 g of protein (12.90%), 8.01 g of lipids (10.37%), 

with a total energy intake of 349.17 kcal. An analysis of plasma concentration of triglycerides, 

lactate, and glucose was performed in two stages: before and after exercise. The Shapiro–Wilk 

test was used to verify the normality of the data. For analysis of glucose concentration, plasma 

lactate, and triglycerides, we used a repeated measures analysis of variance factorial 2×2, with 

Bonferroni multiple comparison test. The significance level of P,0.05 was adopted. The results 

indicated a maintenance level of glucose at fasting and a decrease in glucose concentration at 

postprandial exercise. Both conditions increase plasma lactate. Triglycerides also increased in 

the two experimental conditions; however, after exercise fasting, the increase was significantly 

higher than in the postprandial exercise. These data suggest that both exercises could increase 

plasma lactate and triglycerides. However, exercise performed in fasting condition decreases 

glucose concentration and increases triglycerides, even more than postprandial exercise.
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Introduction
Exercise performed in fasting condition is used as a strategy to lose weight because it 

greatly enhances aerobic metabolism, promoting fat oxidation during activity1 due to 

the decrease in muscle glycogen supply and limited stimulation of glycogenolysis. In 

addition, it models the hormonal response during and after exercise.2–4 In exercise per-

formed in fasting condition, the respiratory exchange ratio is maintained low, indicating 

a greater mobilization of fat as an energy source, due to the low supply of glycogen.5,6 

However, postprandial exercise seems to promote a greater activation of metabolism 

in subsequent hours and to increase maximal oxygen consumption (Vo
2
max) for hours 

after activity.5 The changes in metabolic parameters after exercise, compared with the 

two conditions studied, indicate that exercise after feeding promotes a contradictory 

increase in fat oxidation, especially after stopping activity.3,5

The literature shows much diversity among studies investigating the influence of 

fasting on metabolic parameters.

An early response to fasting is the mobilization of triglycerides reserves present 

in adipocytes, in addition to decrease in the metabolism of carbohydrates in order to 
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maintain the blood glucose concentration for supply to the 

central nervous system and red blood cells.4 The mainte-

nance of blood glucose concentration even in fasting is due 

to the balance between the hormones insulin and glucagon, 

in addition to the catecholamine secretion during prolonged 

submaximal exercise.7 During activity, the secretion of 

catecholamines and cortisol and the increase in glucagon 

concentration promote the hepatic glycogen degradation and 

the decrease in insulin resistance, even in vigorous exercise.8 

Moreover, the ingestion of a large amount of glucose before 

and during aerobic exercise does not seem to interfere on the 

contribution of carbohydrates and fats to the metabolism, 

although positively influencing the aerobic performance.9 

De Bock et al10 affirm that metabolic adaptations to exer-

cise performed in fasting condition and after carbohydrate 

intake are similar. However, training conducted in a fasting 

state seems to promote an increase in the amount of muscle 

glycogen, enhance peak Vo
2
, and improve the maximum 

power.11

Information regarding exercise performed in fasting 

condition does not indicate any agreement in relation to 

its effects on the metabolism of fats and carbohydrates. 

The performance of postprandial exercise seems to favor 

the metabolism of fats for 24 hours after the activity,12 while 

exercise performed in a fasted state seems to provide greater 

mobilization of fat during practice.5,6 The concentration of 

triglycerides is an important indicator of fat metabolism 

and lipolysis.13 Furthermore, the low availability of muscle 

glycogen and the increase in oxidative metabolism in fasted 

exercise2–4 can promote lower blood lactate production and 

a reduced metabolic acidosis.

However, the response of blood glucose, blood lactate, 

and triglycerides to exercise performed in both fasting and 

postprandial conditions is not explicit in the literature, and 

this understanding is fundamental to assess the influence of 

fasting on metabolism. Thus, the aim of this study was to 

analyze the metabolic response to exercise (36 minutes of 

aerobic exercise on the treadmill at 65% of Vo
2
max) per-

formed on fasting and after feeding.

Methods
subjects
The study was approved by the Research Ethics Committee 

of the University Center of Brasília, Brazil. Ten subjects 

aged between 20 and 30 years participated in the study. All 

participants provided informed consent in writing, agree-

ing with all the procedures, and were nonsmokers, with no 

cardiovascular, metabolic, or musculoskeletal diseases that 

could affect the performance on procedures, and practiced 

regular physical activity for at least 12 months. The sample 

characteristics (mean ± standard deviation) are as follows: 

age, 25.50±2.22 years; body mass, 88.43±10.71 kg; height, 

1.80±0.06 m; body mass index, 27.11±4.28 kg/m2; body 

fat percentage estimated, 22.39%±8.26%; maximal oxygen 

consumption estimated, 48.75±6.67 mL/kg/min.

evaluation
Volunteers visited the place for procedures on 3 different 

days. The researchers requested them not to consume alco-

holic drinks and stimulants as well as not to perform physical 

activity during the research. On the 1st day, the volunteers 

were subjected to preliminary anthropometric assessment and 

assessment of maximal oxygen consumption, and they com-

pleted the questionnaires that indicated possible pathologies, 

level of physical activity, and eating habits. The assessment 

of body mass was conducted on a Filizola digital balance 

(Filizola SA, Sao Paulo, Brazil), with a capacity of 150 kg and 

an accuracy of 50 g. Height was measured with a Sanny sta-

diometer (American Medical do Brasil Ltda., São Bernardo 

do Campo, Brazil), with a capacity of 210 cm and a precision 

of 1 mm. From these measurements, body mass index was 

calculated. Body composition was estimated through skinfold 

with a Cescorf adipometer (Cescorf Equipamentos Esportivos 

Ltda., Porto Alegre, Brazil), using protocol of seven skinfolds 

proposed by Jackson and Pollock.14

The maximal oxygen uptake was estimated using a maxi-

mal incremental nonincline treadmill test (RUN 700, Techno 

Gym Ltda., Rio de Janeiro, Brazil). The protocol consisted of 

an initial speed of 5 km/h, with increments of 1 km/h every 1 

minute. It is understood that, with this protocol, the muscle 

fatigue caused by inclinations on the treadmill was avoided, 

favoring the execution of the maximal test, with no under-

estimation of it. In this sense, stages of 1-minute duration 

promoted quick increments and a higher Vo
2
, as proposed by 

Machado et al.15 This protocol was first used by Lima et al.16 

The assessment was interrupted whenever the individual 

demonstrated volitional exhaustion or the maximum heart 

rate estimated by the formula 220 minus age, proposed by 

Karvonen17 was achieved. To estimate Vo
2
max, we used Ven-

tilometer VO
2
 ProFitness (CEFISE Biotecnologia Esportiva, 

Nova Odessa, Brazil).

experimental protocol
Participants performed two exercise sessions (fasting and 

postprandial), randomized and separated by 72 hours. 

Each session occurred early in the morning (7 am) and 
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was preceded by an overnight fast of at least 10 hours. On 

both days, the volunteers performed aerobic exercise on the 

treadmill without gradient for 36 minutes at the intensity of 

65% of Vo
2
max. The length of the exercise was based on 

the study of Paoli et al.5 However, that study investigated the 

intensity of 65% of heart rate reserve. The researchers of this 

study aimed to investigate a higher intensity, believing that 

this would promote greater physiological adaptations.

The running speed was calculated according to the formula 

proposed by American College of Sports Medicine:18

 VO
2
 = 3.5 + (0.2 × speed) + (0.9 × speed × %grade)

To perform the exercise fasting, individuals remain at 

rest for 15 minutes after arrival at the laboratory, before 

performing the race. For the exercise after feeding, the 

individuals were provided a meal containing yogurt, whole 

cookie, banana, and cereal bar, containing 59.3 g of carbohy-

drate (76.73%), 9.97 g of protein (12.90%), 8.01 g of lipids 

(10.37%), with a total energy of 349.17 kcal. After feeding, 

the volunteers remained at rest for 15 minutes before the 

beginning of the exercise as well as fasting.

In the two experimental situations, the two plasma samples 

of the volunteers, obtained immediately after 15 minutes of 

rest and immediately after the exercise, were used for the 

determination of glucose concentration, plasma lactate, and 

triglycerides. The blood was collected through a puncture of 

the distal phalanx of the ring finger of the nondominant hand. 

Before the collection, the puncture site was aseptically cleaned 

with 70% alcohol. The first drop of blood was discarded, then 

a sample of 3 µL of blood was collected, which was analyzed 

using an Accu-Chek Performa glucose monitor (Roche Diag-

nostics, São Paulo, Brazil), a lactate monitor Accutrend Plus 

(Roche Diagnostics) validated by Perez et al,19 and a triglyc-

erides monitor Accutrend Plus (Roche Diagnostics).

statistical analyses
Data were analyzed using the statistical software SPSS 

version 21.0 for OSX (SPSS Inc., Somers, NY, USA). Data 

normality was verified by the Shapiro–Wilk test. Repeated 

measures analysis of variance 2×2 factorial (status × moment) 

was used to evaluate the concentration of lactate, glucose, 

and triglycerides before and after exercise in the two experi-

mental conditions. The Bonferroni multiple comparison test 

was used when significant differences were found as well 

as interactions between the effects. The significance level 

of P,0.05 was adopted. Data were expressed in the results, 

tables, and graphs as mean ± standard deviation.

Results
The participants performed the maximum incremental test to 

determine the Vo
2
max in 11.25±2.05 minutes. The estimated 

relative Vo
2
max was 48.75±6.67 mL/kg/min. The average 

speed of running performed in the two experimental condi-

tions was 8.54±1.12 km/h.

Glucose concentration showed no significant difference 

in fasting (91.30±6.23 vs 96.32±6.84 mg/dL; P=0.083). 

However, after the postprandial exercise, there was a signifi-

cant reduction in blood glucose (120.40±12.64 vs 103.89±8.25 

mg/dL; P=0.005). The glucose concentration showed a sig-

nificant difference between pre-exercise in fasting and post-

prandial (91.30±6.23 vs 120.40±12.64 mg/dL; P=0.0001) and 

between postexercise in fasting and postprandial (96.32±6.84 

vs 103.89±8.25 mg/dL; P=0.009). The behavior of glycemia 

in both experimental conditions is shown in Figure 1. The 

plasma lactate concentration shows a significant increase in 

fasting (1.75±0.62 vs 4.10±1.40 mmol/L; P=0.0001) and 

postprandial exercise (1.85±0.77 vs 3.51±1.43 mmol/L; 

P=0.0001). The behavior of the plasma lactate concentration 

in the two experimental conditions is shown in Figure 2. The 

concentration of triglycerides increased after exercise in 

both the fasting (106.51±13.39 vs 153.30±37.32 mg/dL; 

P=0.005) and the postprandial exercise (99.66±20.21 vs 

117.55±26.14 mg/dL; P=0.017). There was also a difference 

between the concentrations of triglycerides after exercise in 

the fasting and postprandial conditions (153.30±37.32 vs 

117.55±26.14 mg/dL; P=0.012). The behavior of triglycer-

ides in both protocols is shown in Figure 3.

Moment
Pre
Post

125.00

100.00

75.00

50.00

25.00

0.00
Fasting Postprandial

G
lu

co
se

 c
o

n
ce

n
tr

at
io

n
 (

m
g

/d
L

)

*

*, **

Figure 1 Glucose concentration in response to both types of exercise (fasting and 
postprandial) measured before and immediately after.
Notes: *P,0.05 between pre- and postexercise. **P,0.05 between fasting and 
postprandial.
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Discussion
This study aimed to analyze the response of glucose con-

centration, plasma lactate, and triglycerides to exercise in 

fasting and postprandial conditions of 36 minutes’ duration 

and with an intensity of 65% Vo
2
max. The results showed a 

maintenance of glucose concentration in the case of exercise 

fasting and a significant reduction in glucose concentration in 

the postprandial period. The lactate concentration increased 

compared with the rest in both conditions, with no difference 

between them. Triglycerides also increased in the two experi-

mental conditions, though they were significantly higher after 

exercise fasting than in the case of postprandial exercise.

The behavior of blood glucose during submaximal exer-

cise is mediated by insulin and glucagon response, beyond 

the influence of cortisol and catecholamines. During exercise, 

the increase in cortisol followed by glucagon stimulates 

gluconeogenesis and glycogenolysis, while the decrease in 

insulin concentration increases the sensitivity of the liver to 

glucagon, due to the increase in the number of receptors.7,8 

Insulin concentration is reduced during moderate exercise 

(60% Vo
2
max), while the increased sensitivity of glucagon 

in the liver results in the production of glucose.20 Adams20 

argued that glucose production by the liver is stimulated 

by catecholamines after 2 hours of exercise. However, 

Lima et al16 showed a significant increase in glucose con-

centration after the maximal test without gradient, with an 

average of 8.46 minutes.

Glucose concentration is influenced by exercise intensity. 

According to Thompson et al,8 blood glucose is maintained 

constant even with strenuous exercise, while Simoes et al21 

show the behavior of glycemia during a test with progres-

sive increases in intensity, indicating a decrease in the blood 

glucose concentration phase, a transition point referred to as 

glucose threshold, and a blood glucose elevation phase.

In this study, blood glucose remains constant during 

exercise fasting, probably due to the release of glucose 

by the liver via glycogenolysis and gluconeogenesis, 

stimulated by glucagon, catecholamines, and cortisol. In 

the fasting state, cortisol rises considerably, stimulating 

the release of glucagon and reducing the sensitivity of 

the liver to this hormone.2,4 Glucose concentration in the 

postprandial exercise was reduced due to the release of 

insulin stimulated by carbohydrate intake.7,20,22 Thus, the 

glucose present in the blood was used as fuel without hav-

ing to resort to the liver glycogen. In this sense, not only 

intensity, type, and duration of exercise but also carbohy-

drate intake before exercise seems to affect the behavior 

of blood glucose.23,24

The plasma lactate concentration increases significantly 

in the two experimental conditions, with no differences 

between them. The 4 mmol/L lactate concentration value rep-

resents the maximum exercise intensity at which blood lactate 

is maintained stable, at which the glycolytic production rate 

is equalized with the conversion rate to pyruvate in the pres-

ence of oxygen,25 in addition to a proportional reduction in 

the concentration of bicarbonate responsible for the buffering 

of this metabolite.26 After hitting this threshold, the glycolysis 

process is powered, resulting in increased plasma lactate 
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Figure 2 Blood lactate concentration in response to both types of exercise (fasting 
and postprandial) measured before and immediately after.
Note: *P,0.05 between pre- and postexercise.
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Figure 3 Triglycerides concentration in response to both types of exercise (fasting 
and postprandial) measured before and immediately after.
Notes: *P,0.05 between pre- and postexercise. **P,0.05 between fasting and 
postprandial.
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concentration, metabolic acidosis, and an increase in carbon 

dioxide production (Vco
2
).26

Lactate is a result of dissociation of lactic acid with the 

production of hydrogen ions (H+). This metabolite has little 

effect on muscle activity; however, the H+ accumulation 

causes metabolic acidosis, inducing fatigue by inhibition of 

glycolytic metabolism, with inactivation of enzymes such as 

glycogen phosphorylase and phosphofructokinase and activa-

tion of nerves of groups III and IV of the afferent pathways, 

increasing the feeling of discomfort.27

In this study, the intensity of exercise selected by the 

authors seems to be sufficient to stimulate the glycolytic 

metabolism, since the lactate production was enhanced to 

values above the threshold.26 Furthermore, the influence 

of catecholamine secretion in lactate kinetics22 is crucial 

to explain the behavior of this metabolite after the two 

experimental conditions studied here. However, it was not 

possible to identify differences in lactate concentration 

between the protocols despite the hormonal difference 

between the performance of exercise in fasting and post-

prandial conditions.

An important result of this study was the significant 

increase in triglycerides in both situations. The behavior 

of the triglyceride concentration in blood plasma is contro-

versial, since several studies have demonstrated a reduction 

in their levels during and after exercise.28–31 However, the 

enhancement of lipolysis seems to occur during physical 

activity, generating an increase in plasma triglyceride con-

centration, and consequently its subcomponents, glycerol and 

free fatty acids.32,33 The increase in lipolysis rate is due to the 

accentuated catecholamine secretion in addition to a higher 

sensitivity of adipose tissue to these hormones generated by 

the exercise.34 The stimulation of the release of triglycerides 

by increased secretion of epinephrine and norepinephrine 

helps explain the higher rate of lipolysis of the exercise in 

the fasting state, since the hormonal response of this protocol 

is increased.1,2,4

The triglycerides concentration can be affected by other 

factors besides lipolysis stimulation. The reduction of triglyc-

eride concentration may occur due to the decrease in produc-

tion of hepatic very-low density lipoprotein or lipoprotein 

lipase response,35 as well as the activity of chylomicrons.36 

The behavior of triglycerides after exercise is influenced by 

the level of training of individuals, providing higher releases 

in trained individuals.37 This relationship seems to be favor-

able to the subjects in the study because they were all regular 

physical activity practitioners. Therefore, these results cannot 

be generalized to a different population.

This study has some limitations. The study population 

was young, trained, and had no diseases. So the results should 

not be generalized to people with diseases such as diabetes 

and obesity, or to women and the elderly. The study exercise 

protocol consisted of 36 minutes at 65% of Vo
2
max; however, 

it is known that the response of blood glucose, blood lactate, 

and triglycerides is dependent on the intensity, duration, and 

type of exercise. Thus, the results should not be generalized 

to other activities. Further studies should be conducted to 

investigate the metabolic responses to different types of 

exercise, with different intensities and durations. Finally, the 

behavior of glucose may be significantly influenced by the 

carbohydrates intake. Thus, the intake of carbohydrates with 

different glycemic index values and its influence on response 

to exercise should be investigated.

Conclusion
In summary, exercise in the fasting state performed for 

36 minutes at 65% of Vo
2
max cannot significantly alter blood 

glucose, while feeding increases resting levels and modifies 

the response of glucose to exercise. The two experimental 

conditions promoted a significant increase in blood lactate 

values considered above lactate threshold. However, feeding 

does not influence the lactate production since there was no 

difference between the two protocols. The plasma triglyceride 

concentration suffered elevation in both the procedures; how-

ever, fasting promoted greater release, showing an increase 

in lipolysis generated by this protocol.
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