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Effects of high-intensity interval exercise on obesity
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Abstract: With the increasing improvement of people's living standards, obesity has become a chronic
disease all over the world, which can make people's physical shape and various physical indicators
abnormal, resulting in a variety of complications, posing a threat to people's lives. Osteoporosis (OP) is
one of the complications caused by Osteoporosis, which is mainly characterized by decreased bone
density and easy to fracture. Obese people with OP have a higher probability of fracture than normal
people. Once fracture occurs, they will lose their ability to exercise and may even threaten their lives.
Exercise is one of the measures against obesity. High-intensity Interval Training (HIIT) has been widely
used in the field of weight loss, and the right amount of exercise can prevent OP. In this paper, a large
number of literature was reviewed to find out the possible mechanism of HIIT in preventing and treating
OP in obese people, so as to reduce the probability of obesity and obese people suffering from OP.
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1. Introduction

As a chronic disease spreading all over the world and becoming more and more serious, obesity poses
a great threat to people's life. One study found that the BMI of boys and girls increased by 0. 32 and 0.
40kg/m per decade, respectively, from 1975 to 2016, following a continuous study of 24. 1 million
adolescents aged 5 to 17. The number of obese people is gradually increasing each year, and the number
of deaths due to other complications of obesity is also increasing year by year. According to the White
Paper on Osteoporosis Prevention and Treatment in China, 70, 000 people in China suffer from OP, and
another 210 million people have lower than normal bone mineral density. Physical exercise is one of the
most effective ways to improve obesity, among which HIIT is more easily accepted and adhering to by
obese people because of its characteristics of short exercise time, small space occupation and high energy
consumption [, so it is widely used in weight loss to achieve people's goal of weight loss. There have
been extensive studies on HIIT abroad. Based on previous studies, this paper proved that HIIT as an
intervention measure for obesity can prevent OP in obese people , focusing on the OP in overweight
people through the reduction of fat.

2. The origin and development of HIIT

HIIT was used 100 years ago by a track and field athlete in track training 2. In 1930, exercise
physiology expert Hans showed that HIIT combined with a well-timed recovery could improve
cardiorespiratory function more effectively. Since then, it has been added to the training of sports on a
large scale 1. In the 1960s and 1970s, researchers began to study HIIT in greater depth. Physiologist
Astrand™ proposed a method of interval training with a critical speed and a speed between VO2max
(maximum oxygen uptake, VO2max) (90% ~ 95% VO2max) for a long time. Astrand et al. * 3
coordinated exercise and relaxation to enable exercisers to achieve the best physical state. Christensen4
etal. [ proposed the method of conducting extremely short interval training with 100% VO2max. During
1970-1980, HIIT was explored from the perspective of human body and exercise, and a comparative
analysis was made between HIIT and exercise under high lactic acid for a long time [71, and no significant
difference was found between them. In the 1980s and 1990s, there was less research on interval training
because of the different direction of research. In recent years, HIIT research has set off a new upsurge of
research. According to statistics, from 2013 to 2020, there will be 220 domestic research papers and 470
foreign academic papers. Research results at home and abroad reflect that HIIT can improve the functions
of human organs, tissues and systems in many aspects.
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3. The relationship between fat and OP

OP is caused by a decrease in mineral content in the bone and damage to the internal structure of the
bone, mainly slowing down bone metabolism and bone strength below normal levels. Causing obesity
mainly depends on eating type imbalance, the energy that the human body uses is lower than the energy
that eating produces, the remaining energy is the liver synthesizes triglyceride to transport to adipose cell
through the blood, bring about adipose accumulation to build fat. On the relationship between the two,
there are two kinds of opposed views, one view is that with obesity can reduce the probability of OP, and
two views are: (1) the overweight participants stress than general people's congress, for the stimulation
of bone can accelerate the formation of bone, and inhibit bone absorption, helps increase bone density
and minerals; Another explanation is that body mass consists of not only fat, but also muscle and bone,
and muscle mass may have a greater impact on body mass compared with bone density due to higher fat
density. This considered obesity is not an increase in fat, but an increase in muscle mass 1. (2) Obesity
can lead to the occurrence of OP. Some scholars pointed out that type 2 diabetes mellitus (T2DM) is one
of the inducement factors of OP, because long-term hyperglycemia may lead to bone tissue dysfunction,
thus increasing the risk of OP 1. Some scholars believe that although the increase of fat content will
improve the strength of bone, it has a certain limit for human body. When the increase of fat content
reaches a certain level, it will have a negative effect on bone, resulting in OP, and then the deformation
of bone. And different locations of fat have different effects on bones!'%,

4. Effects of HIIT on OP in obese patients
4.1. The effect of obesity on OP

Kathryn!'!! believed that obesity is one of the risk factors for fracture, and the relationship between
obesity and fracture risk may be determined by the location of fat distribution. Although greater body
weight is beneficial for bones, different fat distribution can alter the relationship. Studies have found that
increased fat mass and body fat percentage are positively correlated with bone mineral density, obesity
can increase bone mineral density, and higher bone mineral density can reduce the occurrence of OP [12}
Another study found that obesity was highly correlated with OP, and the increase of abdominal fat was
negatively correlated with bone mineral density. The more abdominal fat accumulated, the greater the
impact on bone mineral density, and the corresponding increase in the prevalence of OP. AbDOMinal fat
is composed of visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT). Studies have shown
that VAT has a negative effect on OP, while SAT and OP have a positive effect ['']. Vat can secrete a large
amount of Leptin (LEP). Other studies have found that LEP receptors exist on the surface of osteoblast
(OB) and chondrocytes, and LEP can reduce differentiation of osteoclast (OC) and accelerate OB division,
mineralization of bone minerals, and accelerate collagen synthesis 3. LEP in the human body is
positively correlated with body mass and fat content. Compared with normal body weight, serum LEP
level of obese patients is significantly higher. ObESE individuals secrete more LEP due to fat, which has
a protective effect on OP. However, obese people have LEP resistance, so LEP cannot play its due role
(141" the mechanism may be that LEP passes through the blood-brain barrier. It enters the skull and
activates the OB-Rb receptor in the hypothalamus, so that the hypothalamus is stimulated to secrete
inhibitory OB factor ['3], VAT can also cause inflammation and promote the secretion of inflammatory
cytokines. Inflammation plays a key role in OP. Inflammatory cytokines produced by fat cells link obesity
and its metabolism-producing diseases, Tumor necrosis factor-a. (TNF-a), interleukin (interleukin) and
TNF-a were the main inflammatory cytokines. IL-1p, IL-6, transforming growth factor-f3 (TGF-p), IL-8,
IL-LO, etc. (1191, The enhanced expression of IL-6 could reduce bone mineral density. Among them, the
GG genotype of -634C/G polymorphism in IL-6 may play a role in reducing bone mineral density,
interfering with normal bone metabolism, leading to the increase of OP% and TNF-a concentration,
enhancing bone resorption, increasing the activity of OC, and then inducing OP. Studies have found that
in menopausal women with OP, TNF-a can induce the formation of OC by activating NF-kB (enhanced
k-light chain of nuclear factor-activated B cells, NF- kB) and PI3K/Akt (phosphatidlinositol 3-
excitol/protein kinase B, PI3K/Akt) signaling pathways and synergically promoting RANKL (nuclear
factor-isogenic B receptor activator ligand, RANKL). Moreover, interference with PI3K/Akt completely
blocked the synergistic effect of TNF-a on NF-kB activation and OC generation [?!1, Fas can bind to the
Fas receptor on the cell surface and mediate cell apoptosis. RANKL at high concentration can inhibit the
concentration of Fas protein (TNF receptor superfamily member 6, Fas) and mRNA, the activation of
caspase-3 of Fas and the death of OC induced by Fas. However, RANKL decreased Fas expression in
mature OC and increased Fas expression in OC by NF-kB[?21
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Therefore, OP is closely related to the location of obesity, and visceral fat is negatively correlated
with OP. The mechanism is that the increase of adipocytes will secrete more inflammatory cytokines,
and IL-6 and TNF-a in inflammatory cytokines will lead to the decrease of bone density, thus inducing
OP.

4.2. Impact of HIIT on OP

The World Health Organization has given three recommendations to prevent OP: calcium
supplementation, moderate exercise and diet regulation, and even gave specific exercise prescriptions to
OP patients. From the perspective of biomechanics, stimulation of muscle contraction can reduce bone
loss. From a medical perspective, normal muscle content is conducive to the maintenance of normal bone
mass 1. From the perspective of genes, IGF-1 (growth promoting factor, IGF-1) in muscle tissue can
promote bone development 24, Combined with all aspects of the study, sports has a positive effect on
bone mineral density, and moderate load exercise can prevent bone loss and/or cause a small amount of
bone mass increase [>), that is to say HIIT can inhibit the occurrence of the OP, but HIIT's influence on
the bone with two different points of view, a view that HIIT for bone presents the negative effect,
Specifically, the loss of bone mineral salt, reduction of bone area, and decrease of bone density increase
the incidence of OP. Another believes that HIIT can improve bone mineral density and reduce the
incidence of OP . Because the two views adopt different exercise programs, the results are also different.
In summary, HIIT can increase bone density while also preventing OP.

4.3. HIIT works by reducing the impact of fat on OP

In this paper, we summarize previous conclusions to prove that HIIT can reduce fat and play a role
in preventing OP. HIIT can reduce fat in obese people of all ages. For example, Liang Jinyu et al.
conducted HIIT intervention on 18 obese children and found that HIIT can reduce the weight, body fat
percentage and VAT of obese children, indicating that HIIT has a significant effect on obesity. Wang
Jingjing et al. conducted HIIT intervention on 24 obese women and found that it had a significant effect
on reducing body fat, especially abdominal fat. Buckinx et al. conducted HIIT on 30 elderly obese people
for 12 weeks, and found that the elderly obese people had significantly less fat 261, Z7VTHIIT can effectively
reduce abdominal fat, reduce the incidence of T2DM, dyslipidemia and hypertension, and also reduce
metabolic disorders and improve the incidence of related diseases 2%, HIIT can increase insulin
sensitivity, reduce insulin resistance ° 3%, reduce triglyceride (TG) , and increase the rate of fat
decomposition, thereby reducing fat. HIIT can effectively reduce inflammation and have a positive
impact on the body B'. HIIT can also improve the expression of TNF-a and IL-6 in LEP and
inflammatory cytokines, reduce their expression 3234 inhibit the -634C/G polymorphism of GG
genotype expression in IL-6, reduce TNF-a, inhibit the NF-kB and PI3K/Akt signaling pathway and
synergistic effect with RANKL. Reduced OC formation and low RANKL concentration could not inhibit
Fas protein and mRNA levels, Fas induced caspase-3 activation, Fas action and Fas mediated OC death,
thus accelerating Fas induced OC death and ultimately reducing the incidence of OP (Figure 1).
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Figure 1: The mechanism of high intensity interval exercise on osteoporosis
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To sum up, HIIT can remove body fat more effectively from many aspects, reduce body fat rate,
reduce complications caused by obesity, reduce fat in internal organs, increase the secretion of
lipohydrolytic hormone, reduce fat from the inside out, and improve health. At the molecular level, HIIT
can reduce inflammatory factors produced by obesity, including IL-6 and TNF-a, so as to strengthen
bone and reduce the occurrence of OP.

5. Conclusion

This review is based on previous studies on HIIT as an exercise intervention to reduce the prevalence
of OP in obese people. Compared with other methods to prevent OP in obese people, HIIT has its unique
role. While preventing obesity, it can also improve the cardiopulmonary function, reduce the body fat
rate, reduce the complications of obesity, and improve the body metabolism, etc.

From the perspective that fat can inhibit OP, although fat can inhibit the incidence of OP, but for
human health is not good, obesity can lead to a variety of complications, but also can lead to metabolic
disorders, and then threaten people's lives. From the point of view of human physiology, reducing fat is
beneficial to the body. Exercise can not only reduce fat, but also increase bone density and reduce the
incidence of OP. At present, it is the best choice for both reducing fat and preventing OP. HIIT can reduce
the percentage of body fat in the abdomen, which is extremely harmful to the human body and easily
causes OP. Therefore, HIIT plays a positive role in preventing OP in obese people, strengthening physical
fitness and reducing other diseases caused by obesity. HIIT can alleviate the release of inflammatory
factors such as IL-6 and TNF-a caused by obesity, promote the apoptosis of OC and increase bone density,
and ultimately reduce the incidence of OP in obese people.

This paper only verified HIIT prevention of OP in obese people, and there is no training program for
HIIT prevention of OP in obese people, especially the specific high-intensity training program for the
elderly with a high incidence of OP. This aspect is still a vacancy and needs further study.
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