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Abstract 

Obesity nowadays is a significant problem in developing countries and developed ones. Both 

the percentage of adipose tissue in the body and the proportion of muscle tissue affect the 

condition of the skeletal system. The common origin of adipose tissue and muscle tissue shows 
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that overweight and obesity are not indifferent to the metabolism of bone tissue. Both 

malnutrition and obesity can lead to unfavorable health effects, contributing to the development 

of bone disorders and the occurrence of osteopenia, osteopenia with sarcoidosis, osteoporosis 

or osteoarthritis. Increased percentage of adipose tissue and/or muscle tissue during menopause 

may have an osteoprotective effect and thus prevent or relieve the effects of menopause in 

women or andropause in men. Research aimed at measuring the content of adipose tissue as a 

supplement to other diagnostic tests may contribute to the early detection and even prevention 

of osteoporosis. 
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Introduction 

Obesity is a non-existent problem, in other words, and comorbidities, as well as health 

problems. Obesity, according to the World Health Organization (WHO), to increase the 

accumulation of fat data in the body that has overwhelmed the health event [1]. Excessive 

accumulation of fat functions in the body may lead to the development of so-called Metabolic 

Syndrome, which is characterized by a complex metabolism (called Metabolic Syndrome), 

which works in the following way: diabetes, type 2 diabetes, shotguns, atherosclerosis, type 2 

diabetes, shooting, night sleep apnea, urolithiasis bile or a number of bone-joint diseases, 

including osteoarthritis, osteopenia and osteoporosis [2,3]. Data reflecting the next expiration 

date of this product. It is estimated that after 700 million years obesity was diagnosed, along 

with approximately 700 million obesity was diagnosed along with the procedure in this area 

[1]. 

During embryonic development, both adipose tissue and bone tissue are derived from the same 

germ layer - mesenchyma. Due to the common origin, both tissues have many connections, 

which determines their integrity in physiological conditions and pathological conditions [4,5]. 

Adipose tissue is not only a source of energy in the body, but what is very important is an 

important organ of internal secretion. Thanks to the strongly developed network of blood 

vessels surrounding the adipocytes, characterized by high permeability, rapid and continuous 

exchange of substances with blood is ensured [6]. As an endocrine organ in the body it is the 

source of many factors, such as hormones (leptin, adiponectin, resistin, visfatin, estrogens, 

androgens), cytokines (IL-6, TNF-α) and enzymes and other substances related to bone tissue 
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metabolism [7, 8]. 

 

Diagnosis of obesity 

For many years, the view was dominated that determining the body mass index (BMI) is the 

simplest anthropometric indicator helpful in determining and classifying obesity. This index is 

obtained by the quotient of the body mass expressed in kilograms and the height expressed in 

meters raised to the second power. This is not a perfect method, but it is a reference method 

approved by the WHO. According to the proposed classification, overweight begins when the 

BMI value falls within the limits of 25.0-29.9, where the adopted norm is a value in the range 

18.5-24.9. When the value of the index rises above 30.0, then we speak about obesity, which 

can be divided into degrees. The first degree of obesity is characterized by a BMI value in the 

range of 30.0-34.9, II degree in the range of 35.0-39.9, and the highest third degree of obesity 

is confirmed by the value of the body mass index equal to or greater than 40.0 [1]. Due to the 

high risk of error, other methods of determining obesity have been developed, and one of the 

most accepted methods is the method based on the location of the largest amount of body fat. 

With this method, central obesity, otherwise known as visceral obesity or abdominal obesity, 

has been distinguished, where the waist circumference is taken into account. However, the waist 

circumference is racially diverse, which is why three subpopulations (American, European and 

Asian) have been identified in which the comparison is made. The second type of obesity is the 

ilio-femoral obesity, where the measure determining the degree of obesity is the hip 

circumference and thigh circumference. It is assumed that the index obtained from 

measurements of waist and hip circumferences and thigh circumference, after appropriate 

conversion, should not exceed 0.8 in women and 0.9 in men. Particular attention should be paid 

to the fact that these methods can be used in adults, not in children and adolescents during the 

growth period. This is mainly due to differences that occur during growth and development and 

differences in the metabolism of young and mature individuals. Body composition in children 

differs significantly from the composition that occurs in humans after the growth. 

A frequent mistake in the diagnosis of obesity is the situation where children and adolescents 

are examined with methods assigned to adults. It is allowed to use this type of classification in 

some cases in adolescents, where the increase can be considered almost completed. For the 

diagnostics of obesity in children and adolescents, percentiles [1.4] are used. 

 

Consequences of obesity development and bone tissue 

Links between adipose tissue and bone tissue metabolism should be considered taking into 
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account the type and location of adipose tissue. Percentage of subcutaneous fat is the highest 

percentage in the body fat mass (about 65-70%). The content of this tissue in the course of 

individual life is subject to the greatest fluctuations and depending on age and sex may appear 

in various parts of the body. Subcutaneous fat is the main reservoir of energy in the body, from 

which it is possible to obtain fatty acids that can be used in metabolic processes. The content of 

this fraction of adipose tissue undergoes greater fluctuations during the individual life, in 

comparison with visceral fat, which is located mainly in the abdominal cavity and contributes 

to the development of abdominal obesity mainly in men [9]. Its percentage share is sexually 

diverse and in males accounts for about 20% of the total fat content in the body, while in women 

it is only 5-8%. The specific function of this tissue is to induce abdominal obesity as a result of 

its excessive accumulation. This is particularly the case in male subjects and in female 

postmenopausal females. It is the main source of triglycerides and LDL cholesterol fractions 

that can contribute to the development of atherosclerosis. In addition, visceral fat secrete 

significantly more adipocytokines than subcutaneous fat (e.g, adiponectin, resistins, IL-6), 

which have direct or indirect effects on the bone tissue metabolism [10]. 

When increasing the content of adipose tissue in the body, its functional changes occur, namely 

increased secretion of leptin and resistin and to reduce the secretion of adiponectin. In addition, 

adipocytes become the source of, among others proinflammatory cytokines (e.g., IL-6, TNF-

α). Visceral fat is a source of free fatty acids (WKT). WKT contribute to reducing the sensitivity 

of target tissues to insulin, stimulating gluconeogenesis and increased synthesis of very low 

density lipoproteins (VLDL) leading to the development of insulin resistance. In addition to 

insulin resistance, obesity may secondarily cause hormonal disturbances in the form of 

hypothalamo-pituitary-adrenal axis hyperthyroidism, lead to excess testosterone in women, and 

deficiency in men and cause disorders in the synthesis and secretion of GH [11, 12]. 

Estrogens and androgens play a key role in the physiology of bone tissue in both females and 

males. They stimulate osteoblasts to synthesize many factors conditioning the intensification of 

osteosynthetic processes. They also inhibit the synthesis of many factors responsible for the 

resorption effect [13, 14]. Estrogen is attributed to the essential function of the inhibitor of bone 

resorption processes and to the androgens of the bone-forming stimulating factor [15]. The 

management of sex hormones is also significantly influenced by conditions of overweight or 

obesity in both men and women. In the case of men with abdominal obesity, testosterone and 

testosterone-binding proteins are lowered. Restoration of the appropriate testosterone 

concentration, through treatment with testosterone-containing preparations, leads to the 

reduction of body fat and improves insulin sensitivity. Testosterone additionally reduces lipid 
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uptake and enhances lipolysis in visceral fat. In contrast, in women, obesity is accompanied by 

a decrease in the sex hormone binding protein, which in turn contributes to the increase in the 

estradiol fraction in the blood. In the case of obese women after menopause, the estrogen 

concentration is closely correlated with the degree of obesity and fat content [16]. 

There are reports on the protective effect of high BMI (associated with increased body fat) in 

the development of osteoporosis and osteoporotic fractures in both women and men over 50 

years of age. It turns out that with BMI below normal, along with weight loss, BMD decreases 

[17,18], and the loss of bone mass associated with age, bone mechanical strength and decrease 

in total bone mineral content (BMC) are closely correlated with the total fat content in the body 

[19]. 

 

Fat tissue and osteopenia and sarcopenia 

According to scientists, not only the state of muscle mass, but also the body weight and 

percentage of body fat affect the metabolic state of the bone tissue. A recently identified 

syndrome, manifested by the impaired quality of bone tissue, is the OSO - obesity with 

osteopenia and sarcopenia (osteosarcopenic obesity) [20]. Coexistence of decreased bone 

mineral density (BMD), decreased muscle mass and strength, and obesity were determined for 

postmenopausal women. It was found that such a condition is manifested clinically obesity (eg 

BMI higher than 30 kg / m2 or fat content higher than 30%) [21]. The results of the studies 

defining the SPA correlate with the results of the work in which it was found that in obese 

people, despite the fact that their muscles have to carry more weight, muscle strength may be 

reduced [22]. This affects the mobility, which is impaired, which translates into an increased 

risk of falling, and thus contributes to the emergence of life-threatening fractures. In the SPA, 

lower body fat content is found in the lower limbs, which causes slower movements and reduces 

the speed of movement [23]. According to Liu et al., BMD defined for the femoral neck begins 

to decrease with the percentage of adipose tissue above 33%, while BMD in the spine - when 

it exceeds 38% [24]. This is reflected in the worse results of patients with OSO than in the case 

of people with obesity only, in whom the handshake is much weaker, the speed of movement 

and the coordination of the body [21]. 

The reason for this may be the fact that obesity predisposes to a sedentary lifestyle, unfavorable 

mechanical stimulation of the bones and muscle exercise [25]. Another dependence that may 

influence the development of OSO is the secretion of pro-inflammatory cytokines, such as 

tumor necrosis factor or interleukin-6, which negatively affects the muscular system by the 

adipose tissue [26]. The work of Kersente on energy requirements and leptin, which may affect 
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the skeleton, are also important in determining the impact on bone tissue [27]. The dependence 

between the action of leptin and adiponectin - hormones, the level of which directly connects 

to the development of adipose tissue, also dealt with Lecke et al. They demonstrated the 

influence of these hormones on the bone in obesity [28]. The correlation between adipose tissue 

and bone tissue may also be demonstrated by the fact that adipocytes and osteoblasts are derived 

from the same progenitor cell - the above-mentioned mesenchynuclear stem cell [29]. 

The definition of SPAs allows the assessment of persons at risk of fracture in a broader context 

that has not yet been covered by overweight patients. It was believed that obesity could protect 

against fractures, among others through higher weighting of the skeleton, which could stimulate 

bone formation [30]. Despite this, Zhao et al. After correlating the effect of bone stimulation 

by the load proved that increased body mass negatively interacts with the quality of bone tissue 

[31]. Another factor suggesting a positive effect of obesity was the fact that the fatty padding 

could act as a buffer against the force acting on the bone tissue during the fall, and thus protect 

it from breaking. In addition, many papers have shown that increased body mass and BMI 

correlate with increased BMD and BMC, and that weight loss causes impairment of bone 

structure [32.33]. This dependence was to occur regardless of age, even during adolescence 

[34]. 

Therefore, it was postulated that the reverse situation, i.e. malnutrition, should predispose to 

fractures. Traditionally, people who are malnourished and their BMI is below 20kg / m2 are 

considered to be at risk of fracture. This parameter has been found in FRAX calculator. The 

dependence was based on 12 cohort studies [17]. According to De Laet et al. With a BMI of 

20kg / m2 compared to a BMI of 25kg / m2, the relative risk of a hip fracture rises twice. BMI 

is independent of the patient. BMI is independent of the bone mineral density. BMI is most 

related to the hip, however. Researchers prefer BMI to be more useful than traditional weight, 

which can vary greatly in different populations around the world. De Laet et al., However, do 

not relate to the relationship between the body and the risk of fracture. Researchers also do not 

know that BMI is a large impact on fractures. 

 

Fat tissue and osteoporosis 

In the study of osteoporosis, conflicting reports on the effect of fat content and / or muscle mass 

on osteoporosis are available in the literature. Lau et al. Demonstrated that the increase in bone 

resorption processes by increasing bone turnover in postmenopausal women leads to a reduction 

in BMD in conditions of reduced body fat content [35]. Christensen et al. Pointed out that the 

increase in the content of muscle tissue in the body leads to fluctuations in the BMD and BMC 
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values compared to the control group, and above all the increased content of muscle tissue leads 

to an increase in BMC [ 36]. The changes that occur with age in bone tissue depend on a number 

of factors related to the fact that after reaching peak bone mass (PBM), there is an advantage of 

resorption processes over bone formation processes, which predisposes to the occurrence of 

osteoporosis, as it has this place in postmenopausal women. Age-related changes are associated 

with lowering estrogen levels in women and androgens in men, a decrease in the number of 

osteoblasts with a progressive decrease in bone marrow adipocytes, which is associated with a 

lower level of differentiation of mesenchymal stem cells (MSC) towards adipocytes [37, 38]. 

Increased body mass, with a BMI over 25 kg / m2 in the elderly, exerts an osteoprotective 

effect, where significantly higher BMD values of femurs were found compared to people with 

a lower value of this index, as demonstrated by Zhao et al. [31]. Opposing dependencies showed 

Greco et al., Who found that overweight people have lower BMD values in femurs compared 

to people with normal BMI [14], which proves that increased body weight does not remain 

indifferent to bone tissue metabolism. In addition, in women with post-menopausal obesity in 

pQCT studies, higher values of volumetric tibial and humeral bone mineral density were 

demonstrated compared to women in the same period of life with normal body weight [39]. 

In studies on the links between body weight and the development of osteoporosis, in addition 

to the percentage of adipose tissue, attention is increasingly focused on the content of muscle 

tissue. In perimenopausal women, low muscle mass is closely related to lower BMD values, 

and some scientists believe that the positive effect of increased body weight in counteracting 

osteoporosis is associated mainly with increased muscle content, not fat tissue [40,41]. In 

postmenopausal women with increased body mass, associated with both the higher proportion 

of muscle tissue and the percentage of adipose tissue, there was a reduced risk of fractures 

resulting from osteoporosis [42,43], which was not demonstrated in studies in adolescents and 

adults up to 35 years of age life [44,45]. 

There is an additional aspect of increased body weight, independent of whether the increase in 

BMI is due to an increased proportion of muscle mass or percentage of body fat. Increased body 

weight in older people effectively contributes to lowering the risk of developing osteoporosis 

by increasing the mechanical load on the bone. The increase in the strength of long bones occurs 

through the intensification of osteosynthetic processes and inhibition of osteoblast apoptosis, 

and this directly contributes to the increase in BMD [46], which is a different character of Zhao 

et al. Mentioned above, who proved reverse dependence [31]. 
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Summary 

In conclusion, both obesity and malnutrition and lipid parameters may modulate the properties 

of the human body, including bone parameters. It is connected with the fact that the percentage 

of adipose tissue, especially when it exceeds the norms, should be an integral part of diagnostics 

towards osteoporosis and sarcopenia [47]. Particular attention should be paid to the analysis of 

body composition, remembering that not only the content of adipose tissue should be taken into 

account, but also the proportions between the content of adipose tissue and muscle mass, which 

turns out to be also a key role in the systemic processes. 
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