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Background/Objective: The effects of fasted aerobic exercise on body composition and whether it causes
adverse effects remain controversial. This study was to compare the effects of fasted and non-fasted
aerobic exercise on body shape and blood biochemical indexes in overweight and obese young adult
males, and observe whether FAE triggers adverse reactions.
Methods: Thirty overweight and obese young adult males were randomly divided into fasted aerobic
exercise (FAE) group, non-fasted aerobic exercise (NFAE) group, and control group. They were subjected
to indoor treadmill intervention five days a week combined with diet control for six weeks. The FAE
group had breakfast 0.5 h after exercise, and the NFAE group exercised 1 h after breakfast. Both groups
filled out adverse reaction questionnaires during exercise, and the control group did not have any
intervention. Height, weight, body mass index (BMI), and body fat percentage of the three groups of
subjects before and after the experiment were measured by the GAIA KIKO bio-resistance antibody
composition analyzer in Korea; waist circumference (WC), hip circumference (HC), waist-to-hip ratio
(WHR), and waist-to-height ratio (WHtR) were measured by the tape measure method; fasting plasma
glucose (FPG), fasting insulin (FINs), total cholesterol (TC), triglyceride (TG), high density lipoprotein
cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), very low density lipoprotein (VLDL), and
HDL-C/LDL-C were measured by Roche C8000 automatic biochemical analysis instrument.
Results: Weight, BMI, body fat percentage, WC, HC, WHR, WHtR, TG, TC, LDL-C and VLDL decreased very
significantly (P < 0.01) in the FAE and NFAE groups after the 6-week experiment. The decrease in FINS
was significant in the FAE group (P < 0.05) and the decrease in HDL-C was very significant in the NFAE
group (P < 0.01). There was no significant difference in the frequency of adverse reactions between two
groups (P > 0.05).
Conclusion: Six-week FAE and NFAE significantly improved body shape in overweight and obese young
adult males, while FAE significantly reduced fasting insulin levels and increased tissue cell sensitivity to
insulin. And compared to NFAE, 30 min of FAE in the morning did not increase adverse effects.

© 2022 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Obesity is an organism state caused by excess accumulation of
adipose tissue in the body, which is not only an independent risk
factor for various metabolic diseases,1 but also the cause of a series
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http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:476989839@qq.com
mailto:476989839@qq.com
mailto:476989839@qq.com
mailto:476989839@qq.com
mailto:476989839@qq.com
mailto:rongbo.hu@tum.de
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jesf.2022.11.003&domain=pdf
www.sciencedirect.com/science/journal/1728869X
http://www.elsevier.com/locate/jesf
https://doi.org/10.1016/j.jesf.2022.11.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jesf.2022.11.003
https://doi.org/10.1016/j.jesf.2022.11.003


X. Liu, M. He, X. Gan et al. Journal of Exercise Science & Fitness 21 (2023) 95e103
of psychological and social problems.2 As a kind of chronic non-
communicable disease, the prevalence of obesity is increasing
globally. In 2015 alone, overweight and obesity were responsible
for nearly 4 million deaths worldwide,3 by 2020, nearly 700 million
people worldwide have been affected by obesity, which seriously
reduces the quality of human life and causes a heavy social and
medical burden.4

Long-term obesity not only greatly increases the risk of hyper-
tension,5 hyperlipidemia,6 knee osteoarthritis,7 type 2 diabetes,8

stroke,9 coronary heart disease,10 and other diseases in healthy
individuals, but also reduces life expectancy.11 How to prevent
obesity and effectively reduce the level of obesity has been the
focus of medical and sports science research. As a kind of exercise
therapy, fasted aerobic exercise (FAE) has attracted much attention
in recent years.

Fasting generally refers to the body state of having had nothing
for more than 8 h,12 while fasted aerobic exercise refers to aerobic
exercise performed in this state. In 1989, Davis proposed that the
thermogenic effects of pre-prandial and post-prandial exercise
were different,13 leading to a trend of research on the effects of
dietary restriction combined with exercise on human body
composition. Recent studies have confirmed that moderate in-
tensity exercise 1 h after meal can reduce the fat oxidation rate to
about 50% of the fasting exercise, and the FAE process has higher
levels of blood glycerol and fatty acid release, which can induce
better lipidmetabolism.14 Clinical applications in patients with type
2 diabetes and non-alcoholic fatty liver disease have also demon-
strated numerous health promotion benefits.15 However, some
studies have shown a different result. For instance, Schoenfeld16

found no significant difference in the effects of fasting aerobic ex-
ercise versus non-fasting aerobic exercise on body composition
after a four-week diet controlled combined exercise intervention in
20 young women. After an intervention of pre-breakfast aerobic
exercise and post-breakfast aerobic exercise in 10 obese male col-
lege students, Kim17 found that morning exercise after overnight
fasting was more effective than post-breakfast exercise in reducing
body fat, but the increase in cortisol levels after overnight fasting
exercise may have a negative impact on long-term weight loss in
obese men.

Many studies have evaluated the effects of aerobic exercise on
the human body on an empty stomach, but relatively few have
actually managed subjects in a fully enclosed environment. In
addition, it is a controversial question whether FAE causes adverse
reactions. Therefore, we held a fully enclosed fat loss boot camp to
investigate the difference in the effects of FAE and non-fasted
aerobic exercise (NFAE) on body composition and the feasibility
of the application of FAE by observing the effects of FAE and NFAE
on body shape and blood biochemical indexes of obesemen and the
incidence frequency of adverse reactions during exercise in the
morning of six weeks.

2. Methods

The study was designed as a single-blind randomized controlled
trial, and subjects in each group were unaware of each other's
training and diet plans. All subjects were physically examined to
confirm the absence of specific diseases before conducting the
experiment. Subjects signed an informed consent form prior to
participation in the study, and Guangxi Normal University
approved the study, which met the ethical standards of the
Declaration of Helsinki.

2.1. Research subjects

Thirty overweight and obese (aged 19e21, BMI �28 kg/m2, and
96
body fat percentage �25%) young adult males who attended an
enclosed fat loss training program at the Sports Medicine Labora-
tory of Guangxi Normal University, China, in 2020 were chosen as
the study subjects. After their physical examination, medical his-
tory consultation, medications and supplement intake survey,
Physical Activity Readiness Questionnaire (PAR-Q),18 resting state
12-lead Electrocardiogram (ECG) examination,19 and exercise load
test, those with cardiovascular system diseases were excluded, and
those included in the experiment had no history of systematic
training, And all subjects had no medications or supplement intake
before and during the trial. The random number table method
divided them into FAE group (n ¼ 10), NFAE group (n ¼ 10), and
blank control group (n ¼ 10), and the basic conditions before the
intervention are shown in Table 1.

2.2. Exercise intervention methods

Subjects completed indoor treadmill brisk walking, of which the
intensity was based on the results of the exercise load test and
health status comprehensive development. In formal exercise we
used Polar meter tomonitor heart rate, so as to control the intensity
of exercise, target heart rate ¼ resting heart rate þ heart rate
reserve � 20%e40% (heart rate reserve ¼ maximum heart rate -
resting heart rate).20 Subjects in each group exercised five days a
week, once a day, for 30 min each time, with 20 min of preparatory
and finishing activities before and after exercise.21 They did not
carry out any form of exercise training except for the exercise
required in the experiment. The blank control group did not have
any form of exercise intervention.

2.3. Provision of meals

The subjects in the FAE and NFAE groups ate all three meals at
the fitness center during the experiment, and the dietitian calcu-
lated the individual basal metabolic rate according to the Harris-
Benedict equation22 and then developed a diet plan. The diet plan
follows the low-calorie principle of gradually limiting total calorie
intake while ensuring nutritional balance. The ratio of intake of the
three major nutrients is：55%e65% carbohydrate, 20%e35% pro-
tein, 10%e15% fat, three meals calorie ratio of about 3 : 4: 3,23 the
blank control group was not provided with a meal and did not have
any exercise intervention. In addition, dietary records of all subjects
before and during the intervention were collected and analyzed to
ensure the scientific validity of the diet plan. Meal times were as
shown in Table 2, with the FAE group eating 0.5 h after exercise and
the NFAE group eating breakfast 1 h after exercise.

2.4. Test indexes and instruments

Body morphology and blood biochemical index values were
measured before the start of training and after the end of training,
respectively. Among them, height, weight, BMI, and body fat per-
centage were measured by the Korean GAIA KIKO bio-resistance
antibody composition analyzer, and waist circumference (WC),
hip circumference (HC), waist-to-hip ratio (WHR), and waist-to-
height ratio (WHtR) were measured by the tape measurements.
Fasting plasma glucose (FPG), fasting insulin (FINs), total choles-
terol (TC), triglyceride (TG), high density lipoprotein cholesterol
(HDL-C), low density lipoprotein cholesterol (LDL-C), very low
density lipoprotein (VLDL), and HDL-C/LDL-C were measured using
a Roche Cobas 8000 fully automated biochemical analyzer.24 All
subjects were asked tomaintain their usual living and eating habits
prior to the blood test. Both blood tests were scheduled at the same
time in the early morning and subjects were asked to fast for 12 h
prior to the blood biochemistry test, with no food intake but



Table 1
Basic information of subjects in each group before intervention.

Group Quantity Age Height (cm) Weight (kg) BMI Body fat percentage

FAE group 10 20.15 ± 0.71 1.74 ± 0.07 90.57 ± 88.97 30.02 ± 1.90 26.38 ± 1.17
NFAE group 10 21.02 ± 0.58 1.72 ± 0.04 88.97 ± 10.53 29.96 ± 2.53 26.15 ± 1.19
Blank control group 10 20.70 ± 0.70 1.70 ± 0.06 86.84 ± 9.46 30.07 ± 2.52 26.39 ± 1.01
P-value 0.865 0.339 0.696 0.994 0.865

Tip 1: no statistically significant difference between three groups.

Table 2
Diet schedule.

Breakfast Lunch Dinner

Group FAE group NFAE group FAE group NFAE group FAE group NFAE group

Monday (Break) 8:30 intake 8:30 intake 13:00 intake 13:00 intake 17:30 intake 17:30 intake
no exercise no exercise

Tuesday (Break) 8:30 intake 8:30 intake 13:00 intake 13:00 intake 17:30 intake 17:30 intake
no exercise no exercise

Wednesday 7:30 exercise 8:30 intake 13:00 intake 13:00 intake 17:30 intake 17:30 intake
8:30 intake 9:40 exercise

Thursday 7:30 exercise 8:30 intake 13:00 intake 13:00 intake 17:30 intake 17:30 intake
8:30 intake 9:40 exercise

Friday 7:30 exercise 8:30 intake 13:00 intake 13:00 intake 17:30 intake 17:30 intake
8:30 intake 9:40 exercise

Saturday 7:30 exercise 8:30 intake 13:00 intake 13:00 intake 17:30 intake 17:30 intake
8:30 intake 9:40 exercise

Sunday 7:30 exercise 8:30 intake 13:00 intake 13:00 intake 17:30 intake 17:30 intake
8:30 intake 9:40 exercise
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moderate water intake during the fast. The medical history of all
subjects and whether they ingested medications and supplements
were investigated before the start of the experiment to ensure that
all subjects included in the experiment were free of medications
and supplement intake. And the fully enclosed administration ex-
cludes the influence of ingestedmedications or supplements on the
test results. The last meal before the first blood test was requested
to be consumed maintaining the pre-experimental diet and
avoiding over-eating. The last meal before the post-experimental
blood test was consumed maintaining the same diet plan as dur-
ing the experiment.
2.5. Adverse reactions and evaluation during exercise

Subjects in the FAE and NFAE groups filled out adverse reaction
questionnaires at each exercise according to the clinical trial
manual criteria. The evaluation criteria for each adverse reaction
were as follows.

(1) Subjective hunger of the subjects was divided into three
levels, and the mild expression was slightly hungry. Moder-
ate symptoms are marked but tolerable hunger; Severe
symptoms are intense hunger, dizziness, and sweating,
which would be hard to bear.

(2) There are three levels of thirsty, including mild performance
for a little thirsty; Moderate symptoms are marked thirsty,
but they are still tolerable; Severe symptoms are intense
thirsty, accompanied by intolerable dry and chapped lips.

(3) The degree of fatigue of the subjects was manifested as
dizziness, fatigue, drowsiness.

(4) For nausea and vomiting feeling judgment: there was
nausea, regurgitation, and the feeling of wanting to vomit.

(5) The comfort level was assessed according to the visual
analogue scale (VAS), It has 10 scales. Where 0 in the table
indicates high comfort and 10 indicates severe discomfort.
Subjects in the FAE and NFAE groups were penciled in one-
97
on-one by the researcher at each training session to record
their feelings, allowing the exercisers to choose a score based
on how they felt.
2.6. Statistical analysis

Data were analyzed by SPSS Statistics 26.0 software and
expressed as mean ± standard deviation (±SD). Each index was
compared before and after the intervention using paired samples t-
test, and between groups using independent samples t-test and
one-way ANOVA, with significance level defined as P < 0.05 and
very significant level defined as P < 0.01.

3. Results

The changes in body morphological indicators and blood
biochemical indicators in each group of subjects after the 6-week
intervention, as well as the occurrence of adverse reactions dur-
ing exercise, are presented.

3.1. Changes of body morphology indexes in each group after
intervention

There were no significant differences in height, weight, BMI,
body fat percentage, WC, HC, WHR, and WHtR among the groups
before the intervention (P > 0.05). After intervention, all subjects
except the blank control group had significantly lower body shape
indexes than before intervention (P < 0.01). After intervention, the
percentage of body fat in the FAE group, WHR, WHtR, decreased
very significantly comparedwith the blank control group (P < 0.01),
WC decreased significantly (P < 0.05) compared to the blank con-
trol group. The body fat percentage of NFAE group decreased
significantly compared with blank control group (P < 0.05). There
was no significant difference in height, weight and BMI between
the groups after the intervention (P > 0.05). The changes of body
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shape indexes are shown in Figs. 1e8.
Fig. 2. Histogram of weight change before and after intervention for each group of
subjects
Tip 2: ** indicates a highly significant difference within the group after the inter-
vention compared to before the intervention, P < 0.01.
3.2. Changes of blood biochemical indexes in each group after
intervention

According to one-way analysis of variance, there was a signifi-
cant difference in FPG values between the FAE group and the NFAE
group before intervention (P < 0.05), the difference between the
FAE group and the blank control group was highly significant
(P < 0.01). However, there were no significant differences in FINs,
TG, TC, HDL-C, LDL-C, VLDL, and HDL-C/LDL-C between the pre-
intervention groups (P > 0.05). After intervention, there were no
significant differences in FPG, FINS, TG, HDL-C, LDL-C, VLDL, HDL-C/
LDL-C between groups (P > 0.05), but there were significant dif-
ferences in TC between groups (P < 0.05).

TG, TC, LDL-C, and VLDL decreased very significantly (P< 0.01) in
the FAE and NFAE groups after the 6-week intervention compared
with the pre-intervention period. Among them, FINS in the FAE
groupwas significantly lower after the intervention than before the
intervention (P < 0.05). HDL-C was significantly lower in the NFAE
group than before the intervention (P < 0.01). Figs. 9e16 are his-
tograms of FPG, FINS, TG, TC, HDL-C, LDL-C, VLDL, HDL-C/LDL-C
before and after intervention, respectively.
Fig. 3. Histogram of the change in BMI before and after the intervention for each group
of subjects
Tip 3: ** indicates a highly significant difference within the groups after the inter-
vention compared to before the intervention, P < 0.01.

Fig. 4. Histogram of the change in body fat percentage before and after the inter-
vention for each group of subjects
3.3. Adverse reactions and assessment during exercise

(1) In terms of hunger, during a total of 30 exercise training
sessions, there was no significant difference (P > 0.05) in the
number of mild, moderate and severe hunger pains during
exercise between subjects in the FAE and NFAE groups (see
Fig. 17).

(2) Regarding the sensation of thirst, there was no significant
difference (P > 0.05) in the number of times that subjects in
the FAE and NFAE groups experienced mild, moderate, or
severe thirst during exercise (see Fig. 18).

(3) In terms of fatigue, there was no significant difference in FAE
and NFAE group in the frequency of fatigue for subjects
during exercise (P > 0.05) (see Fig. 19).

(4) With regard to nausea symptoms, no nausea occurred in
subjects in both the FAE and NFAE groups during a total of 30
exercise training sessions.

(5) For comfort, the subjects in the FAE group had a score of
(1.06 ± 0.89) and the NFAE group had a score of (1.08 ± 0.99)
for comfort during exercise, and there was no significant
difference between the two groups for comfort during ex-
ercise (P > 0.05) (see Fig. 20).
Fig. 1. Histogram of height change before and after intervention for each group of
subjects.

Tip 4: ** indicates a highly significant difference within the groups after the inter-
vention compared to before the intervention, P < 0.01; && indicates a highly signifi-
cant difference between groups compared to post-intervention, p < 0.01; & indicates a
significant difference between groups compared to post-intervention, p < 0.05.
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4. Discussion

This section will systematically analyze the causes of changes in
body morphological indicators and blood biochemical indicators in
each group of subjects and analyze the adverse effects during
exercise.
4.1. Effects of FAE and NFAE on body shape indices in obese male

The results of this study showed that both 6-week FAE and NFAE



Fig. 5. Histogram of WC changes before and after intervention for each group of
subjects
Tip 5: ** indicates that there is a very significant difference in the group after inter-
vention compared with before intervention, P < 0.01. & indicates a significant differ-
ence between groups compared to post-intervention, P < 0.05.

Fig. 6. Histogram of HC changes before and after intervention for each group of sub-
jects
Tip 6: ** indicates that there is a very significant difference in the group after inter-
vention compared with before intervention, P < 0.01.

Fig. 7. Histogram of WHR changes before and after intervention for each group of
subjects
Tip 7: ** indicates that there is a very significant difference in the group after inter-
vention compared with before intervention, P < 0.01. && indicated that there was a
very significant difference between groupsafter intervention, P < 0.01.

Fig. 8. Histogram of WHtR changes before and after intervention for each group of
subjects
Tip 8: ** indicates that there is a very significant difference in the group after inter-
vention compared with before intervention, P < 0.01. && indicated that there was a
very significant difference between groupsafter intervention, P < 0.01.

Fig. 9. Histogram of FPG changes before and after intervention for each group of
subjects
Tip 9: ## indicates that there is a very significant difference between groups before
intervention, P < 0.01; # indicates that there is a significant difference between groups
before intervention, P < 0.05.

Fig. 10. Histogram of changes in FINs before and after the intervention for each group
of subjects
Tip 10: * indicates a significant difference within the group after the intervention
compared to before the intervention, P < 0.05.
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combined with dietary restriction were effective in reducing body
weight, BMI, body fat percentage, WC, HC, WHR, and WHtR in
overweight and obese young adult males. Although FAE reduced
the above indicators to a greater extent than NFAE, there was no
significant difference between FAE and NFAE in improving body
shape and reducing the degree of physical obesity in obese in-
dividuals. Subjects in both the FAE and NFAE groups showed height
reduction after the intervention, but it was not statistically signif-
icant compared to the pre-intervention period. Therefore, we
believe that the changes in the values of BMI before and after the
99
intervention are mainly due to weight loss. In addition, the rate of
change in body fat percentage was greater than the rate of change
in weight in both groups, suggesting that the weight loss came
primarily from a reduction in fat weight. Trabelsi25 conducted a
comparative study of changes in body composition induced by FAE
or NFAE during Ramadan. The researchers randomized 19 men to
the Fast group (n ¼ 10) and the Fed group (n ¼ 9), followed by
aerobic training for 40e60 min, three days a week for 30 days, and
found varying degrees of weight loss in both groups, but only the
FAE group showed a significant decrease in body fat percentage.



Fig. 11. Histogram of TG changes before and after intervention for each group of
subjects
Tip 11: ** indicates a highly significant difference within the group after the inter-
vention compared to before the intervention, P < 0.01.

Fig. 12. Histogram of TC changes before and after intervention for each group of
subjects
Tip 12: ** indicates a highly significant difference within the group after the inter-
vention compared to before the intervention, P < 0.01. & indicates a significant dif-
ference between groups compared to post-intervention, P < 0.05.

Fig. 13. Histogram of HDL-C changes before and after intervention for each group of
subjects
Tip 13: ** indicates a highly significant difference within the group after the inter-
vention compared to before the intervention, P < 0.01.

Fig. 14. Histogram of LDL-C changes before and after intervention for each group of
subjects
Tip 14: ** indicates a highly significant difference within the group after the inter-
vention compared to before the intervention, P < 0.01.

Fig. 15. Histogram of VLDL changes before and after intervention for each group of
subjects
Tip 15: ** indicates a highly significant difference within the group after the inter-
vention compared to before the intervention, P < 0.01.

Fig. 16. Histogram of HDL-C/LDL-C changes before and after intervention for each
group of subjects.

Fig. 17. Comparative histogram of hunger in each group of subjects during the
experiment.
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Hackett26 analyzed 96 subjects in five studies and found that
increased fat oxidation from aerobic training in a fasted state may
lead to a greater negative energy balance in the body, enhancing
the fat loss effect of exercise. Although the improvement in body
morphology was greater with FAE thanwith NFAE in this study, the
difference was not significant. This is inconsistent with the findings
of the above-mentioned literature. The reason for this phenomenon
may be that the duration of this experiment was 6 weeks, longer
than the 4 weeks in the above study. Whether the fat loss efficiency
of FAE decreases with longer time, thus showing a better fat loss
100



Fig. 18. Comparative histogram of thirst experienced by subjects in each group during
the experiment.

Fig. 19. Histogram comparing the fatigue experienced by the subjects in each group
during the experiment.

Fig. 20. Histogram comparing the comfort scores of subjects in each group during the
experiment.
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effect of 4 weeks FAE than 6 weeks, is worthy of further study.
4.2. Effect of FAE and NFAE on blood biochemical parameters in
obese male

The results of the study showed that FAE and NFAE combined
with dietary restriction for 6 weeks were effective in reducing TG,
TC, LDL-C, and VLDL values in overweight and obese young adult
males. Although the reductions in these metrics were greater with
FAE thanwith NFAE, therewas no significant difference. In addition,
this study found that 6-week FAE and NFAE had no significant effect
on FPG, while FINS decreased significantly after FAE. The reason
may be that FAE improved the biological effect of insulin, indirectly
suggesting that FAE may improve the mechanism of insulin re-
ceptor or post-receptor action.27

Maughan28 believe that the body's response to fasting involves
increased fat mobilization and decreased re-esterification of free
fatty acids (FFA), and that fasting exercise causes an increase in
blood FFA levels, which in turn causes an increase in FFA utilization
by muscle tissue. INS is the most potent lipolysis inhibitory hor-
mone secreted by islet beta cells in the pancreas, Low concentra-
tions in the body during starvation and exercise induce an increase
in the rate of lipolysis,29 and higher levels of INS will inhibit
lipolysis during exercise after carbohydrate intake.
101
The significant reduction of TG, LDL-C, and VLDL by FAE may be
related to the following factors: reduced endogenous TG synthesis
level, increased lipoprotein lipase activity and thus increased serum
TG hydrolysis, increased skeletal muscle use of fatty acid.30 Hor-
owitz31 has suggested that lipolysis is inhibited after carbohydrate
intake, and exercise in this state will limit the oxidation of fat
during exercise. In a comparative analysis of themetabolic effects of
27 studies related to fasting exercise, Vieira et al.32 found that
aerobic exercise performed in the fasted state induced higher rates
of fat oxidation than aerobic exercise performed after eating.
However, this study found that FAE was not superior to NFAE in
improving blood lipids, which may also be related to the longer
duration of the experiment.

4.3. Fasting aerobic exercise and adverse reactions

There was no significant difference in the frequency of hunger,
thirst, fatigue and nausea during exercise and in the comfort scores
during exercise between subjects in the FAE and NFAE groups in
this experiment, indicating that FAE at 30 min in the morning does
not increase the probability of the above adverse effects relative to
NFAE. The biological principles that trigger the sensation of hunger
in humans are controversial, and may be related to factors such as
gastric contraction and emptying, changes in gastric hunger hor-
mone concentration, changes in blood glucose, stimulation of the
human digestive tract mucosa by gastrointestinal flora, and acti-
vation of the feeding center in the hypothalamus.33 In this study,
the reason why fasting exercise did not trigger excessive hunger
may be related to the fact that exercise increased the concentration
of satiety hormones such as peptide YYand glucagon-like peptide 1,
while decreasing the concentration of gastrin.34

The main causes of the feeling of thirst in the human body are
the decrease in the amount of blood circulating in the body and the
increase in the osmotic pressure of body fluids, in addition to
psychological factors, customs and behaviors, and personal
habits.35 In this study, the frequency of thirst in the FAE group was
slightly higher than that in the NFAE group, but it was not statis-
tically significant, which may be related to the presence of water
within the breakfast consumed in the NFAE group. The frequency of
fatiguewas slightly higher in the FAE group than in the NFAE group,
but the difference was not significant. The possible reason for this
may be related to the fact that the FAE group performed prolonged
endurance exercise after an overnight fast, which reduced the work
capacity of the central nervous system and the musculoskeletal
system.36-37 However, the principle of human exercise fatigue is
extremely complex and is caused by the complex superposition of
various fatigue-causing factors rather than being explained by a
single free radical theory, exhaustion theory, protective inhibition
theory, etc.38 In addition, the subjects in the FAE and NFAE groups
did not experience nausea throughout the experimental cycle, and
the exercise comfort scores also proved that the difference in the
effect of FAE and NFAE on human subjective sensations was not
significant, whichmay be related to the shorter exercise time, lower
exercise intensity, and simpler exercise methods.

5. Conclusions

In conclusion, several key findings can be summarized based on
the study presented above:

(1) Six weeks of FAE and NFAE significantly reduced body
weight, BMI, body fat percentage, WC, HC,WHR andWHtR in
overweight and obese young adult males, while FAE did not
differ significantly from NFAE in terms of improving body
shape.
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(2) Both FAE and NFAE for six weeks were effective in improving
lipid metabolism in vivo, while FAE significantly reduced
fasting insulin levels and increased tissue cell sensitivity to
insulin.

(3) FAE at 30min in themorning did not increase the probability
of adverse effects such as hunger, thirst, fatigue and nausea
relative to NFAE.

The limitations of this study are the small sample size and the
fact that only youngmenwere selected as subjects in this study, but
not women, middle-aged and elderly people, or children. In the
future, we need to increase the sample size to increase the precision
of the experiment and further study the effect of fasting aerobic
exercise on women, middle-aged and elderly people and children
to verify the health promotion benefits of this exercise therapy.
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