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Background: Obesity is a chronic metabolic disease that increases the risk of developing health problems
including respiratory disease, hypertension, hyperlipidemia, diabetes, and coronary heart disease. In college
students, as well as impacting physical health, obesity can also affect mental health and even students’ future
careers. Aerobic exercise is an effective way of achieving weight loss; however, for some students, it cannot
be maintained over the long term. This study aimed to observe and analyze the influence of high-intensity
intermittent training on glycolipid metabolism in obese male college students.

Methods: A total of 300 obese male college students were enrolled in the study and were randomly divided
into the study group and the control group (150 cases in each group). Over 12 weeks, the control group
was given routine aerobic exercise intervention, while the study group was given high-intensity intermittent
training. The blood sugar level, blood lipid level, and body measurements of the students were measured
before and after intervention and compared between the two groups.

Results: After 12 weeks of intervention, the body weight, waist circumference, waist-hip ratio, body mass
index (BMI), body fat rate (BFR), serum level of insulin, low-density lipoprotein cholesterol (LDL-C),
total cholesterol (T'C) and triglyceride (T'G) of the college students were significantly lower than before
intervention, and the differences were statistically significant (P<0.05). There were no significant differences
in body weight, waist circumference, waist-hip ratio, BMI, or BFR between the two groups (P>0.05). The
study group had significantly lower serum levels of TC, TG, and insulin than the control group, and the
differences were statistically significant (P<0.05).

Conclusions: Aerobic exercise and high-intensity intermittent training both significantly improved the
body shape of obese male college students. However, high-intensity intermittent training improved the

glycolipid metabolism of obese male college students to a greater extent than aerobic exercise did.
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Introduction

In recent years, China has undergone a period of rapid
economic development. Along with rising living standards,
the population has also experienced significant changes
in diet, which have given way to an annually increasing
incidence of obesity among college students (1,2). Obesity,
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a chronic metabolic disease, can be attributed to various
environmental, genetic, and other factors. Obesity occurs
when the body takes in more energy than it consumes; over
time, the energy balance in the body breaks, resulting in the
accumulation of fat in the body (3). Clinical studies have

confirmed (4,5) obesity to be an important risk factor for
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respiratory diseases and various other conditions such as
hypertension, hyperlipidemia, diabetes, and coronary heart
disease. In male college students, obesity not only impacts
the individual’s physical state, but also their psychological
state, and even their job or career. Aerobic exercise is an
effective way to lose weight. However, a large number of
college students struggle to maintain such a regimen over
the long term. Therefore, it is crucial that scientific and
reasonable intervention measures that will encourage obese
male college students to effectively lose weight and ensure
the healthy development of their bodies and minds are put
into practice. In our college, obese mainly occurs in male
individuals. This study analyzed the effects of high-intensity
interval training on the metabolism of glucose and lipid in
obese male college students. The results are reported as
follows.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1105).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by the Qufu Normal University.

Study population

Between April 2019 and July 2019, 300 male college
students from Qufu Normal University were enrolled in
the study. The eligibility criteria were as follows: (I) male
college students; (II) over 18 years old; (III) had maintained
a stable weight during the 3 months before enrolment; (IV)
no existing exercise habits at the time of enrolment; and (V)
body mass index (BMI) above 28.0 kg/m’ and over 25% body
fat. Individuals with any of the following conditions were
excluded: (I) diabetes, angina pectoris, or hypertension; or
(II) sports contraindications such as bone and joint disease,
heart disease. All participants signed informed consent.

Quality control

First, we investigated the diets of the 300 enrolled students
before the exercise intervention, including the type of food,
intake amount, and food ingredients, and the total energy
intake per day was analyzed. The students were asked to
stick to their previous energy intake and eating patterns
during this study. Except for the intervention exercise, the
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students were also instructed to keep their daily physical
activity at the same level as before the study throughout
the whole study period, to reduce the influence of dietary,
exercise, and other factors on the study results.

Sports

To determine the maximum oxygen uptake (VO,max),
all the participants were tested on the Pusar cosmos
4.0 running platform by AEGER Oxygen Analyzer for
incremental load test. First, they performed a 3-day adaptive
exercise, and RPE and heart rate were measured at 60%
VO, max and 85% VO, max, respectively. All of the study
participants exercised 5 days per week for 12 weeks. Each
participant performed 50% VO, max preparation activities
for 10 minutes before exercise intervention and then
5 minutes of relaxation activities. The study group undertook
high-intensity interval training as follows. The participants
exercised for 4 minutes at an intensity of 85% VO, max with
the heart rate controlled at 174 beats/minutes, then exercised
at 50% VO, max for 2 minutes, followed by 5 minutes
of relaxation. These steps were repeated five times. The
control group undertook aerobic exercise intervention as
follows. The participants exercised at an intensity of 60%
VO,max for 40 minutes without a break, with the heart
rate controlled at 140 beats/minutes. The two groups had
similar levels of energy consumption. The total energy
consumption was calculated for each exercise. The exercise
intervention time of the study group was obtained by
dividing the total energy consumption by the average
energy consumption at the target heart rate of the control

group.

Parameters

The body shape, blood sugar level, and blood lipid level the
two groups were recorded before and after intervention.
Body shape includes body weight, hip circumference,
body fat ratio, waist circumference, and BMI. The BFR
was measured by Inbody3.0 body composition analyzer
(Biospace, Soul, Korea). On the first morning of this
trial, 5 mL of fasting venous blood was collected from
all participants, and fasting blood glucose, high-density
lipoprotein cholesterol (HDL-C), and low-density
lipoprotein cholesterol (LDL-C) were measured by Hitachi
7600 automatic biochemical analyzer. Total cholesterol
(TC), triglyceride (triglyceride, TG) levels, and insulin
levels were measured by the Bayer ADVIA Centaur
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Table 1 Baseline characteristics in the study group and the control group

2015

ltems Study group (n=150) Control group (n=150) t value P value
Age (years) 21.78+1.47 21.63+1.39 0.908 0.365
Weight (kg) 73.23+9.16 72.87+8.45 0.354 0.724
WC (cm) 89.76+6.34 88.64+6.19 1.548 0.123
HC (cm) 102.45+5.27 101.89+5.38 0.911 0.363
W/H 0.88+0.04 0.87+0.06 1.698 0.090
BMI (kg/m?) 30.85+1.79 30.54+1.86 1.471 0.142
Body fat rate 34.53+3.89 34.04+4.15 1.055 0.292

WG, wrist circumference; HC, hip circumference; W/H, WC/HC, BMI, body mass index.

automatic immunoassay analyzer.

Statistical analysis

Data analysis was performed using SPSS17.0 software.
Continuous data were expressed as mean * standard
deviation (SD), and compared by Student’s z-test. A P value
of <0.05 was considered to be statistically significant.

Results

Baseline characteristics of the study group and the control
group

Using the random number table method, 300 obese
male college students were equally divided into a study
group and a control group. The students had an average
age of 21.71x1.44 (range, 19-22) years old. There were
no significant differences in age, height, weight, BMI,
or BFR between the two groups (P>0.05). The baseline
characteristics of the participants are listed in Table 1.

Comparison of body shape before and after intervention
between the two groups

After 12 weeks of intervention, the weight, waist
circumference, waist-to-hip ratio, BMI, and body fat
percentage of the two groups were significantly lower than
before the intervention, and the difference was statistically
significant (P<0.05). However, there were no statistically
significant differences in body weight, waist circumference,
waist-to-hip ratio, BMI, or body fat percentage between the
two groups (P>0.05). Table 2 compares the body size of the
two groups before and after intervention.
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Comparison of lipid levels between the study group and the
control group

After 12 weeks of intervention, the serum levels of LDL-C,
TC, and TG of the students in the two groups were
significantly lower than before the intervention, and the
difference was statistically significant (P<0.05). The TC
and TG levels of the study group were significantly lower
than those in the control group, and the difference was
statistically significant (P<0.05). The difference in the serum
level of LDL-C between the two groups was not statistically
significant (P>0.05). Table 3 compares the lipid levels of the

two groups before and after the intervention.

Comparison of blood sugar and insulin between study
group and control group

After 12 weeks of intervention, the insulin levels of the two
groups of subjects were significantly lower than before the
intervention, and the difference was statistically significant
(P<0.05). The insulin level of the study group was
significantly lower than that of the control group, and the
difference was statistically significant (P<0.05). The fasting
blood glucose level was not significantly different between
the two groups before and after the intervention (P>0.05).
Table 4 compares the blood sugar and insulin levels between
the two groups before and after the intervention.

Discussion

Many studies to date have focused on exercise intervention
for obese people, and most of them have achieved a
satisfactory fat-reducing effect. Previous studies have
revealed that long-term low-intensity aerobic exercise
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Table 2 Comparison of body shape before and after intervention between the two groups

ltems Time Study group (n=150) Control group (n=150) t value P value
Weight (kg) Before 73.23+9.16 72.87+8.45 0.354 0.724
After 68.43+8.29% 68.89+8.76" 0.467 0.641
WC (cm) Before 89.76+6.34 88.64+6.19 1.548 0.122
After 84.37+5.19% 85.49+6.22° 1.693 0.091
HC (cm) Before 102.45+5.27 101.89+5.38 0.911 0.363
After 100.35+6.83 101.48+6.64 1.453 0.147
W/H Before 0.88+0.04 0.87+0.06 1.698 0.090
After 0.84+0.07° 0.84+0.13° 0.000 1.000
BMI (kg/m?) Before 30.85+3.79 30.54+3.86 0.702 0.645
After 28.17+2.89 28.45+2.76 -0.271 0.483
Body fat rate Before 34.53+3.89 34.04+4.15 1.055 0.292
After 29.67+3.12% 30.08+3.17% 1.129 0.260

Compared with before, *P<0.05. WC, wrist circumference; HC, hip circumference; W/H, WC/HC, BMI, body mass index.

Table 3 Comparison of levels of lipid between study group and control group

ltems Time Study group (n=150) Control group (n=150) t value P value
HDL-C (mmol/L) Before 0.97+0.18 1.01+0.19 1.872 0.062
After 1.08+0.23 1.05+0.24 1.105 0.270
LDL-C (mmol/L) Before 2.78+0.67 2.73+0.68 0.641 0.522
After 2.03+0.58* 2.09+0.63" 0.858 0.391
TC (mmol/L) Before 4.93+0.87 4.89+0.93 0.385 0.701
After 3.56+0.72* 4.23+0.79% 7.677 0.000
TG (mmol/L) Before 1.37+0.58 1.32+0.49 0.807 0.421
After 0.65+0.29° 0.95+0.37° 9.118 0.000

Compared with before, *P<0.05. HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total
cholesterol; TG, triglyceride.

Table 4 Comparison of blood sugar and insulin between study group and control group

ltems Times Study group (n=150) Control group (n=150) t value P value

Fast glucose (mmol/L) Before 4.94+1.19 4.91+1.26 0.220 0.826
After 4.76+1.35 4.83+1.29 0.459 0.646

Insulin (WU/mL) Before 19.74+5.28 19.36+5.45 0.613 0.540
After 9.64+3.12° 12.85+3.29° 8.671 0.000

Compared with before, *P<0.05.
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can promote fat consumption in people with obesity.
Tremblay et al. (6) found that, at a certain level of energy
consumption, high-intensity intermittent exercise can
promote the body’s energy metabolism and lipid balance
more than low-to-medium-intensity exercise. In recent
years, high-intensity interval training, both in China
and abroad, has been used, to manage with metabolic
syndrome (7), essential hypertension (8), type 2 diabetes (9),
and chronic obstructive pulmonary disease (10). While
achieving satisfactory results, its safety has also been initially
confirmed.

The effect of high-intensity interval training on the lipid
metabolism of obese male college students

After 12 weeks of intervention, the serum levels of
LDL-C, TC, and TG in the two groups in this study were
significantly lower than before the intervention. These
results indicate that aerobic exercise and high-intensity
interval training could both significantly improve blood lipid
metabolism in obese male college students. Moreover, the
levels of T'C and TG in the study group were significantly
lower than those of the control group, which suggests that
high-intensity interval training improved the blood lipid
metabolism of obese male college students to a greater
degree than aerobic exercise did. The reasons for this may
include: (I) high-intensity interval training can increase the
activity of related lipid metabolism enzymes, or promote the
expression of related lipid metabolism enzymes, which in
turn promotes blood lipid metabolism. Some scholars have
found that the activity of lipoproteinase, which plays an
important role in the T'G hydrolysis process, is significantly
improved by high-intensity interval training (11,12).
Meanwhile, high-intensity interval training also promotes
the expression of lipid metabolism-related receptors, thus
accelerating lipid metabolism. (II) High-intensity interval
training accelerates the body’s calorie consumption, which
in turn promotes blood lipid metabolism. Matsuo et al.
found that with high-intensity interval training, energy is
not only consumed by the body during exercise but also
during post-exercise rest (13,14). Energy consumption
increased by 10% 2448 hours after high-intensity training,
which indicates that the body is in a state of excessive
oxygen consumption for a long time after high-intensity
interval training, therefore improving the body’s basic
metabolic rate. As the main energy source of excess oxygen
consumption is fat, high-intensity training can therefore
promote blood lipid metabolism. Kraemer ez 4. found that
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high-intensity exercise patterns can significantly increase
the level of B-endorphin in the body, which is conducive
to improving lipid metabolism (15). However, in our
study, the difference in LDL-C levels between the two
groups of subjects before and after intervention was not
statistically significant, which may be explained by the short
intervention time and the small sample size.

The effect of bigh-intensity interval training on blood

glucose metabolism and body shape of obese male college
students

The results of this study showed that after 12 weeks of
intervention, the weight, waist circumference, waist-to-hip
ratio, BMI, and BFR of the two groups of study subjects
were significantly lower than before the intervention. These
results show that obese male college students can achieve
a significant reduction in body size through both aerobic
exercise and high-intensity interval training. However, no
statistically significant differences were found in weight,
waist circumference, waist-to-hip ratio, BMI, or BFR
between the two groups after 12 weeks of intervention,
which may be attributed to the short duration of the
intervention. Obese college students are mostly affected by
central obesity, which is an important risk factor for type
2 diabetes and ischemic heart disease (16). Obese people
generally consume foods with higher fat and sugar content
and lack physical exercise; these factors cause blood glucose
levels in the body to rise, which can develop into insulin
resistance or diabetes. Human blood glucose is regulated
by glucagon and insulin. The results of this study showed
that there was no significant change in the morning fasting
blood glucose levels of the two groups of subjects after
12 weeks of intervention; however, after the intervention,
the insulin levels of the two groups were significantly lower,
and the insulin level of the study group was significantly
lower than that of the control group. These results indicate
that high-intensity interval training further improved the
glucose metabolism of the obese male college students in
this study. Therefore, for obese male college students, high-
intensity interval training holds great health benefits.

In summary, aerobic exercise and high-intensity interval
training can both significantly improve the body shape
of obese male college students. However, high-intensity
interval training had a greater effect in improving the
glucose and lipid metabolism of obese male college students
than aerobic exercise did, and this is deserving of more
clinical attention. However, this study had a relatively small
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sample size and a short study duration. To further clarify the
impact of different intensity training methods on the health
of obese people, future study will involve larger sample sizes
and longer observation times.
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