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ABSTRACT
Introduction

Over time, obesity has become one of the most serious health problems facing contemporary
society, posing a significant threat to public health. With the advancement of civilization and
changes in people's lifestyles, obesity rates have increased worldwide, presenting us with
challenges in terms of health and social well-being. Obesity, far exceeding a mere issue of
physical appearance, carries serious health consequences for both individuals and entire
societies. This publication aims to delve into the issue of obesity as a key factor affecting public
health in the 21st century. The impact of obesity on individual organ systems will be analyzed,

with particular emphasis on its adverse effects on the functioning of these systems.
Aim of the study

This review aims to show the effects of obesity on various systems of the human body. The

main goal is to illustrate obesity as a threat to numerous diseases and complications.

Material and method

Literature review was primarily based on scientific materials, English and Polish databases. The
following English keywords and its Polish equivalents were used to search Google Scholar and

PubMed: "obesity, overweight, fat, weight, illness, lifestyle disease™

Keywords: obesity, overweight, fat, weight, iliness, lifestyle disease

Introduction

In today's world, obesity poses one of the most significant health challenges that modern society
must confront. With the advancement of civilization, changes in dietary habits, and increasingly
sedentary lifestyles, the issue of obesity is becoming increasingly pressing for public health
worldwide. It is no longer just a matter of aesthetics or individual well-being - obesity carries
serious health consequences that affect both individuals and entire societies, presenting the
healthcare system with further challenges in terms of public health and well-being [1]. The

purpose of this publication is to delve into the issue of obesity as a key factor influencing public



health in the 21st century. The impact of obesity on the individual systems of the human body
will be analyzed, with particular emphasis on its adverse effects on the functioning of these
systems [2]. By understanding the pathophysiological mechanisms associated with obesity and
identifying specific interactions with different systems of the body, we can better grasp the scale
of the problem and develop more effective prevention and intervention strategies. Analyzing
the interdependence of obesity with the functioning of individual body systems will provide a
comprehensive picture of how the body operates and will enable a holistic approach to the issue
of obesity, highlighting the need for multifaceted actions to counteract this civilizational threat.
Through in-depth scientific analysis, this work contributes to understanding the complex issue
of obesity and initiates a discussion on the necessity of coordinated efforts to reduce its adverse

impact on public health [1,3].
Definition, classification, symptoms and risks of obesity

Obesity is a condition in which the body accumulates excess fat tissue, leading to an increase
in body weight above values considered normal for the individual's height and age. It is a state
where the body mass index (BMI), calculated as the ratio of body weight (in kilograms) to the
square of height (in meters), is 30 or higher. The classification of obesity includes: Obesity
Grade I: BMI 30-34.9. Obesity Grade 1I: BMI 35-39.9. Obesity Grade 11l (extreme obesity):
BMI 40 or higher. The diagnosis of obesity is based on measuring body weight and height and
calculating the body mass index (BMI) [1,4]. Additionally, a doctor may conduct additional
tests, such as measuring waist circumference or body composition analysis, to assess the degree
of obesity and evaluate the risk of health complications [5].

Obesity can lead to many serious health consequences. One of them is an increased risk of
cardiovascular diseases, such as atherosclerosis, hypertension, heart attack, and stroke. There
is also often a risk of gastrointestinal diseases, such as fatty liver, gallstones, and
gastroesophageal reflux disease, as well as an increased risk of type 2 diabetes associated with
insulin resistance, worsening of the hormonal system, which can lead to hormonal disorders,
such as polycystic ovary syndrome (PCOS) in women, and increased risk of musculoskeletal
diseases, such as arthritis, osteoarthritis, and osteoporosis. An important aspect is also the
deterioration of respiratory system health, leading to asthma, chronic obstructive pulmonary
disease (COPD), and sleep apnea, or worsening mental health, leading to depression, anxiety

disorders, and decreased self-esteem [5,6].



Obesity negatively affects the functioning of the body on many levels. Starting from daily
problems such as deterioration in quality of life due to physical limitations, psychological
discomfort, and loss of well-being, through an increased risk of inflammation in the body,
which can lead to various inflammatory diseases, to disturbances in the body's hormonal
balance. The latter mainly entail a series of negative consequences such as insulin resistance,
hormonal disorders, and other metabolic complications. A very important aspect is also the
burden on the cardiovascular system by raising blood pressure, increasing the risk of heart

disease, and stroke [7].
The influence of obesity on the nervous system

Obesity can have a significant impact on the nervous system, leading to various health
consequences. Research has shown that obesity may increase the risk of various neurological
disorders, such as stroke caused by sudden ischemia or hemorrhage in the brain. Excess body
fat leads to inflammation and dysfunction of blood vessels, which can in turn lead to thrombosis
and circulatory disturbances in the brain, increasing the risk of stroke [8]. Obesity may be
associated with peripheral neuropathy, which manifests as tingling, numbness, pain, or
weakness in the limbs. Damage to peripheral nerves may be caused by inflammation,
mechanical stress, or metabolic disorders associated with obesity. There is also growing
evidence suggesting a link between obesity and the risk of Alzheimer's disease. Excess body
fat can lead to inflammation and oxidative stress, which in turn can accelerate the
neurodegenerative processes characteristic of this disease [9]. Obesity may increase the risk of
multiple sclerosis, an autoimmune disease that attacks the myelin sheaths in the brain and spinal
cord. Inflammatory processes and immune disorders associated with obesity may contribute to

the development of this disease [10].

These processes can lead to damage to nerve cells and deterioration of cognitive function.
Excess body fat can lead to structural and functional changes in the brain, which can affect the
ability to perform daily activities. Excess body fat can affect hormone secretion, which in turn
can affect the functioning of the nervous system. For example, obesity can lead to insulin
resistance and disturbances in insulin secretion, which can affect cognitive function and mood.
Obesity is often also associated with a higher risk of depression and other psychiatric disorders,
which can affect the functioning of the nervous system. Psychosocial factors associated with
obesity, such as social discrimination and lower self-esteem, may be risk factors for psychiatric
problems [10,11].



Obesity is often also associated with sleep disorders, such as sleep apnea. During sleep apnea,
there are repeated interruptions in breathing, leading to oxygen deprivation in the brain and
other tissues. Oxygen deprivation in the brain can lead to memory disturbances, concentration
problems, and other neurological issues. Research suggests that obesity may lead to structural
changes in the brain, such as reduced brain volume, changes in white matter, and other

abnormalities, which can affect cognitive and emotional functions [11,12].

Overall, obesity can increase the risk of various neurological disorders through various
mechanisms, including inflammation, metabolic disorders, structural and functional changes in
the brain, and psychosocial factors. Therefore, it is important to monitor neurological health in
individuals with overweight and obesity and to take appropriate preventive and therapeutic

actions to reduce the risk of these disorders [12,13].
The impact of obesity on the digestive system

Obesity can significantly impact the digestive system, leading to various health consequences.
This condition is characterized by the excessive accumulation of adipose tissue in the body.
Excess fat may deposit around internal organs, including within the abdominal cavity, which
can disrupt the functioning of the digestive organs. An excessive amount of adipose tissue can
affect hormonal processes related to the digestive system. Obesity may disrupt the secretion of
digestive hormones such as insulin, leptin, and ghrelin, affecting appetite, glucose and fat
metabolism, and body weight regulation [14].

Furthermore, obesity is associated with a higher risk of many gastrointestinal diseases, such as
gastroesophageal reflux disease, pancreatitis, fatty liver disease, gallstones, and non-alcoholic
fatty liver disease. Individuals with overweight and obesity often exhibit improper dietary
habits, such as consuming high-calorie, processed foods lacking in nutrients, and excessive
intake of fats and sugars. These habits can lead to digestive disorders and nutrient
malabsorption, increasing the risk of gastrointestinal diseases. Additionally, obesity can affect
gut function through alterations in intestinal motility. Some individuals with obesity may
experience constipation or bowel regulation issues, possibly due to the excessive amount of

adipose tissue around the intestines and unhealthy dietary habits [15].

Importantly, obesity is linked to a higher risk of certain gastrointestinal cancers, such as

colorectal cancer, pancreatic cancer, and esophageal cancer. Obesity can have numerous



negative effects on the health of the digestive system, impacting the functioning of digestive
organs, the risk of diseases, and an individual's quality of life. Therefore, weight control and
the promotion of healthy dietary habits and physical activity are crucial for preventing and

managing obesity and its gastrointestinal complications [16].
The impact of obesity on the cardiovascular system

Obesity has a significant impact on the cardiovascular system, leading to various health
consequences. Excessive accumulation of body fat increases the workload on the heart and
blood vessels, resulting in a range of cardiovascular issues. One of the primary concerns is the
development of atherosclerosis, a condition characterized by the buildup of plaque in the
arteries, narrowing them and restricting blood flow. This can lead to hypertension (high blood

pressure), a major risk factor for heart disease, stroke, and other vascular problems [17].

Moreover, obesity is associated with dyslipidemia, an abnormal lipid profile characterized by
elevated levels of LDL cholesterol and triglycerides and decreased levels of HDL cholesterol.
Dyslipidemia contributes to the development of atherosclerosis and increases the risk of
coronary artery disease and myocardial infarction (heart attack) [18].

Obesity also promotes the development of metabolic syndrome, a cluster of conditions
including insulin resistance, abdominal obesity, dyslipidemia, and hypertension, all of which
significantly increase the risk of cardiovascular disease. Additionally, obesity is linked to

inflammation and oxidative stress, which further exacerbate cardiovascular damage [19].

Furthermore, individuals with obesity are more likely to develop heart failure, a condition in
which the heart cannot pump blood effectively to meet the body's needs. This can lead to

symptoms such as shortness of breath, fatigue, and swelling in the legs and ankles [20].

Overall, obesity negatively impacts the cardiovascular system by increasing the risk of
atherosclerosis, hypertension, dyslipidemia, metabolic syndrome, inflammation, oxidative
stress, and heart failure. Managing obesity through lifestyle modifications, including healthy
eating habits, regular physical activity, and weight loss, is crucial for reducing the burden on
the cardiovascular system and lowering the risk of cardiovascular disease [19, 21].



The impact of obesity on the respiratory system

Obesity significantly impacts the human respiratory system. Excessive adipose tissue can lead
to various health issues related to breathing. One of them is a decrease in lung capacity. Excess
fat tissue around the chest and abdomen can restrict the movement of the diaphragm and chest
wall. This results in reduced lung capacity and functional residual capacity, making gas

exchange less effective. Consequently, breathing problems may arise [22].

Moreover, individuals with obesity often experience increased burden on the respiratory
system, as the additional fat mass makes breathing more difficult. Breathing effort becomes
greater, leading to fatigue and breathlessness, especially during physical exertion. Obesity is
also frequently associated with a higher risk of developing obstructive sleep apnea. This
condition involves periodic cessation of breathing during sleep due to narrowing of the upper
airways. It disrupts breathing and disturbs the normal sleep cycle, leading to excessive fatigue
and health issues [23].

Obesity can also affect lung ventilation, leading to hypoxia and excessive accumulation of
carbon dioxide in the blood. This, in turn, can worsen overall health and increase the risk of
respiratory diseases such as asthma or chronic obstructive pulmonary disease (COPD).
Additionally, there is an increased risk of respiratory tract infections. Individuals with obesity
may be more susceptible to respiratory infections because excess adipose tissue can weaken the
immune system. This increases the risk of inflammation in the respiratory tract and exacerbates
infection symptoms [24].

Therefore, obesity not only affects the functioning of the respiratory system but also increases
the risk of various associated health problems. Hence, weight control and promotion of healthy
lifestyle habits, such as a balanced diet and regular physical activity, are crucial for maintaining

respiratory health [25].
Obesity and the excretory system

Obesity can have significant effects on the excretory system of the body. The excretory system,
primarily composed of the kidneys, ureters, bladder, and urethra, plays a crucial role in
removing waste and excess substances from the body, regulating electrolyte balance, and

maintaining proper hydration levels [26].



One of the primary impacts of obesity on the excretory system is an increased risk of developing
chronic kidney disease (CKD). Obesity is closely associated with conditions such as
hypertension and diabetes, which are leading causes of CKD. The excessive accumulation of
fat tissue can also lead to inflammation and structural changes in the kidneys, impairing their

function over time [27].

Moreover, obesity can contribute to the development of kidney stones. The higher levels of
circulating insulin associated with obesity can lead to increased urinary excretion of calcium,
oxalate, and uric acid, predisposing individuals to the formation of kidney stones. Additionally,
obesity-related conditions such as metabolic syndrome can alter urine composition, promoting

stone formation [26].

Obesity-related obstructive sleep apnea (OSA) can also impact the excretory system. OSA,
characterized by repeated episodes of partial or complete upper airway obstruction during sleep,
can lead to nocturnal polyuria and altered renal function. The recurrent episodes of hypoxia and
hypercapnia associated with OSA can activate the sympathetic nervous system and the renin-
angiotensin-aldosterone system, leading to increased urine production and decreased renal
blood flow [26].

Furthermore, obesity is closely linked to urinary incontinence, particularly stress urinary
incontinence (SUI) and overactive bladder (OAB). The excess weight places increased pressure
on the pelvic floor muscles and bladder, compromising their function and increasing the risk of

involuntary urine leakage [27].

In summary, obesity can adversely affect the excretory system by increasing the risk of chronic
kidney disease, kidney stone formation, urinary incontinence, and exacerbating obstructive
sleep apnea-related urinary disturbances. Maintaining a healthy weight through lifestyle
modifications, including regular physical activity and a balanced diet, is crucial for preserving

the proper function of the excretory system and overall health [26,27].
The influence of obesity on the hormonal system

Obesity can significantly impact the hormonal system in the body. Excess adipose tissue,
particularly visceral fat, can lead to changes in hormone levels and disrupt the delicate balance

of hormonal regulation. One of the key hormones affected by obesity is insulin. In individuals



with obesity, the body may become resistant to insulin, leading to higher blood sugar levels and
an increased risk of developing type 2 diabetes [28].

Additionally, obesity is associated with alterations in other hormones involved in appetite
regulation and metabolism, such as leptin and ghrelin. Leptin, often referred to as the "satiety
hormone," is produced by fat cells and helps regulate energy balance by signaling to the brain
when the body has had enough to eat. In obese individuals, high levels of leptin can lead to
leptin resistance, where the brain no longer responds to the hormone's signals, contributing to
overeating and weight gain [28,29].

On the other hand, ghrelin, known as the "hunger hormone," stimulates appetite and promotes
food intake. Obesity is associated with lower levels of ghrelin, which may contribute to

increased food intake and further weight gain [29].

Furthermore, obesity can disrupt the normal functioning of hormones involved in reproductive
health, such as estrogen and testosterone. In women, excess adipose tissue can lead to elevated
levels of estrogen, which may disrupt menstrual cycles and increase the risk of conditions like
polycystic ovary syndrome (PCOS). In men, obesity is associated with lower testosterone

levels, which can affect libido, fertility, and overall reproductive health [30].

Overall, obesity-induced alterations in hormonal balance can have profound effects on various
physiological processes in the body, contributing to the development of metabolic disorders,

reproductive health issues, and other complications associated with obesity [28,30].
The effects of obesity on the musculoskeletal system

Obesity is a multifaceted health issue with far-reaching consequences, affecting various systems
in the body, including the musculoskeletal system. This system comprises bones, joints,
muscles, and connective tissues, all of which play essential roles in supporting the body and
facilitating movement. When excess body weight is present, it exerts additional strain and

pressure on these structures, leading to a range of health problems and complications [31].

One of the most notable effects of obesity on the musculoskeletal system is joint pain and
osteoarthritis. Weight-bearing joints, such as the knees, hips, and lower back, bear the brunt of
this excess mechanical stress. Over time, the continuous wear and tear of cartilage in these

joints can result in osteoarthritis, a degenerative joint disease characterized by pain, stiffness,



and reduced mobility. The prevalence of osteoarthritis is higher among individuals with obesity,
highlighting the significant impact of excess body weight on joint health [32].

Furthermore, obesity increases the risk of fractures, contrary to the belief that higher body
weight provides protection against bone-related injuries. While obese individuals may have
greater bone density, other factors such as reduced mobility, altered gait patterns, and decreased
balance contribute to an increased risk of fractures, particularly in the lower extremities. The
combination of excessive weight and compromised bone integrity heightens the vulnerability
to fractures, posing challenges to musculoskeletal health [32,33].

In addition to joint pain and fractures, obesity contributes to the development of various
musculoskeletal disorders, including tendinitis, bursitis, and plantar fasciitis. These conditions
often arise from repetitive stress on tendons, ligaments, and soft tissues due to excessive weight.
Moreover, obesity is associated with back pain and spinal disorders, such as herniated discs,
spinal stenosis, and degenerative disc disease. The strain on the spine from carrying excess

body weight can lead to nerve compression, radiating pain, and decreased spinal mobility [31].

The consequences of obesity on the musculoskeletal system extend beyond physical discomfort
to encompass decreased mobility and functional impairment. Obesity-related limitations in
mobility hinder individuals from engaging in physical activities and performing daily tasks
effectively. As a result, musculoskeletal issues may worsen over time, further compromising

quality of life and independence [32,33].

Furthermore, chronic obesity can lead to muscle weakness and imbalance, exacerbating existing
musculoskeletal problems. Weakened muscles may struggle to adequately support the body's
weight, leading to postural abnormalities and increased susceptibility to falls and injuries. The
interplay between excess body weight, weakened muscles, and compromised joint integrity
underscores the complex nature of obesity's impact on the musculoskeletal system [32].

In conclusion, obesity exerts profound effects on the musculoskeletal system, predisposing
individuals to joint pain, osteoarthritis, fractures, and various musculoskeletal disorders.
Understanding these implications is essential for healthcare professionals in developing
comprehensive treatment and prevention strategies. By promoting weight management,
encouraging physical activity, and addressing musculoskeletal issues proactively, the adverse
effects of obesity on the musculoskeletal system can be mitigated, improving overall health and
well-being [33].
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Obesity and the lymphatic system

Obesity, characterized by excessive accumulation of body fat, represents a significant public
health challenge worldwide. Beyond its well-documented association with cardiovascular
diseases, diabetes, and metabolic syndrome, obesity profoundly affects various physiological
systems, including the lymphatic system—a critical component of the body's immune and fluid

balance mechanisms [34].

The lymphatic system comprises a complex network of vessels, nodes, and organs responsible
for maintaining tissue fluid homeostasis, immune surveillance, and the transport of fats and
immune cells throughout the body. In obesity, however, the excessive accumulation of adipose

tissue can disrupt the normal functioning of this intricate system [35].

One of the primary consequences of obesity on the lymphatic system is impaired lymphatic
drainage. As adipose tissue expands, it can compress nearby lymphatic vessels, hindering the
proper flow of lymphatic fluid. This impairment leads to lymphedema, a condition
characterized by localized swelling due to fluid retention, which can exacerbate inflammation

and compromise immune function [35,36].

Moreover, obesity-induced inflammation plays a pivotal role in lymphatic dysfunction.
Adipose tissue secretes pro-inflammatory cytokines and adipokines, contributing to a state of
chronic low-grade inflammation. This inflammatory milieu can damage lymphatic vessels,
impair lymphocyte trafficking, and disrupt immune responses mounted by lymphoid organs
like lymph nodes and the spleen [34,36].

The consequences of impaired lymphatic function in obesity extend beyond local tissue
swelling and inflammation. Individuals with obesity may experience increased susceptibility to
infections due to compromised immune surveillance and impaired pathogen clearance.
Furthermore, obesity-related lymphatic disorders, such as lymphedema and lymphatic
dysfunction, can exacerbate fluid retention, inflammation, and tissue damage, perpetuating a

cycle of dysfunction and increasing the risk of secondary complications [35].

Understanding the intricate interplay between obesity and the lymphatic system is crucial for
developing effective therapeutic strategies. Lifestyle modifications, including dietary
interventions and regular physical activity, are essential for managing obesity and mitigating

its adverse effects on lymphatic health. Additionally, targeted therapies aimed at reducing
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adipose tissue inflammation and improving lymphatic function may hold promise for
alleviating obesity-related lymphatic complications [36].

In conclusion, obesity exerts profound effects on the lymphatic system, impairing lymphatic
drainage, promoting inflammation, compromising immune function, and increasing the risk of
lymphatic-related disorders. By elucidating these mechanisms and developing targeted
interventions, we can address the multifaceted impact of obesity on lymphatic health and

improve overall well-being [34,36].
The effects of obesity on the functioning of the reproductive system

Obesity, a prevalent health concern globally, exerts profound effects on the functioning of the
reproductive system. The intricate balance of hormones and physiological processes within the
reproductive system can be significantly disrupted by excessive adiposity, leading to various

complications affecting fertility and reproductive health [37].

One of the primary consequences of obesity on the reproductive system is hormonal imbalance.
Adipose tissue, particularly visceral fat, acts as an active endocrine organ, secreting hormones
and adipokines that can interfere with the production and regulation of reproductive hormones.
In obese individuals, there is often an increase in circulating levels of estrogen due to
aromatization of androgens in adipose tissue, disrupting the delicate hormonal milieu necessary

for normal reproductive function [38].

In women, obesity is associated with menstrual irregularities, including oligomenorrhea
(infrequent menstrual periods) or amenorrhea (absence of menstrual periods). These
irregularities often stem from disturbances in the hypothalamic-pituitary-ovarian axis, where
excess adipose tissue disrupts the normal secretion of gonadotropin-releasing hormone
(GnRH), follicle-stimulating hormone (FSH), and luteinizing hormone (LH), leading to

ovulatory dysfunction and anovulation [37,38].

Furthermore, obesity significantly impacts fertility in women. The disrupted hormonal
environment and irregular menstrual cycles can impair the process of ovulation, reducing the
chances of conception. Even in cases where ovulation occurs, obesity is associated with
decreased fertility rates, increased time to conception, and higher rates of pregnancy

complications, such as miscarriage, gestational diabetes, and preeclampsia [38,39].
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In men, obesity is linked to subfertility and impaired reproductive function. Excess adiposity
disrupts testicular function and spermatogenesis through several mechanisms, including
elevated scrotal temperatures due to increased fat deposition around the testes, hormonal
imbalances, and oxidative stress. These factors can lead to reduced sperm quality, including
decreased sperm motility and morphology, ultimately affecting male fertility and reproductive
outcomes [37,39].

Moreover, obesity has implications for assisted reproductive technologies (ART), such as in
vitro fertilization (IVF). Obese individuals undergoing ART often have lower success rates,
higher rates of cycle cancellation, and increased risks of pregnancy complications compared to
their non-obese counterparts, highlighting the challenges faced by obese individuals seeking
fertility treatment [39].

In conclusion, obesity exerts multifaceted effects on the functioning of the reproductive system,
disrupting hormonal balance, menstrual regularity, ovulatory function, and fertility in both men
and women. Addressing obesity through lifestyle modifications, including diet, exercise, and
weight loss interventions, is crucial not only for overall health but also for optimizing

reproductive health and fertility outcomes [40].

Conclusions

In conclusion, the above publication sheds light on the critical implications of obesity as a
civilization threat in the 21st century and its significant impact on various functions of human
organ systems. Through a comprehensive analysis of the literature, the multifaceted
implications of obesity on various organ systems have been clarified, highlighting its pervasive

impact on human health and well-being.

First, obesity is becoming a pressing public health problem, exacerbated by the modernization
of society and changes in lifestyle patterns around the world. In addition to its aesthetic
implications, obesity poses a serious health threat at both the individual and societal levels,

requiring urgent attention and concerted efforts at prevention and intervention strategies.
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Moreover, analysis of the impact of obesity on specific organ systems reveals a complex
interaction between obesity and physiological functions. From cardiovascular complications to
metabolic disorders, respiratory impairment and hormonal imbalances, obesity has a far-
reaching impact on human health, contributing to a spectrum of chronic diseases and

debilitating conditions.

Moreover, the above publication reveals the complex interaction between obesity and
physiological functions. From cardiovascular complications to metabolic disorders, respiratory
impairment and hormonal imbalances, obesity has a far-reaching impact on human health,

contributing to a spectrum of chronic diseases and debilitating conditions.

In conclusion, the findings presented herein underscore the urgent need for collaborative efforts
across disciplines to address the multifaceted challenges posed by obesity in the 21st century.
By advancing our understanding of the impact of obesity on individual organ systems, we can
inform evidence-based strategies to mitigate its detrimental effects, promote health equity, and

improve the quality of life for individuals affected by obesity.
Author's contribution

For full transparency, all submitted manuscripts must include an Author Contribution Statement
stating the work of each author. For research articles with multiple authors, a short paragraph

must be provided stating their individual contributions.

Conceptualization: Martyna Warno, methodology: Martyna Warno, check:, formal analysis:
Anna Brzozowska, investigation: Jeremiasz Dubiel and Marta Zarzycka, resources: Adrian
Maj, Wiktor Kozik, data curation: Ines Plewniok; writing- rough preparation: Adrian Maj and
Monika Maj-Dziedzic, writing-review and editing: Martyna Warno, supervision: Anna
Brzozowska and Monika Maj-Dziedzic, project administration: Greta Smietana, Marcelina

Sikora; All authors have read and agreed with the published version of the manuscript.

Disclosure

The authors report no conflicts of interest for this work.

14



Funding Statement

Study did not receive special funding.

Institutional Review Board Statement

Ethical review and approval were waived for this study, due to characteristics of the study —

review.

Informed Consent Statement

Not applicable

References

[1] Pi-Sunyer FX. Obesity: criteria and classification. Proc Nutr Soc. 2000 Nov;59(4):505-9.
doi: 10.1017/s0029665100000786. PMID: 11115795.

[2] Kelly T, Yang W, Chen CS, Reynolds K, He J. Global burden of obesity in 2005 and
projections to 2030. Int J Obes (Lond). 2008 Sep;32(9):1431-7. doi: 10.1038/ijo0.2008.102.
Epub 2008 Jun 17. PMID: 18574455.

[3] Bluher M. Obesity: global epidemiology and pathogenesis. Nat Rev Endocrinol. 2019
May;15(5):288-298. doi: 10.1038/s41574-019-0176-8. PMID: 30718877.

[4] Hruby A, Hu FB. The Epidemiology of Obesity: A Big Picture. Pharmacoeconomics. 2015
Jul;33(7):673-89. doi: 10.1007/s40273-014-0243-x. PMID: 25471929; PMCID: PMC4997437.

[5] James PT, Rigby N, Leach R; International Obesity Task Force. The obesity epidemic,
metabolic syndrome and future prevention strategies. Eur J Cardiovasc Prev Rehabil. 2004
Aug;11(4):3-8. doi: 10.1097/01.hjr.0000131554.53761.5c. PMID: 15316499.

[6] Bray GA, Kim KK, Wilding JP; World Obesity Federation. Obesity: a chronic relapsing
progressive disease process. A position statement of the World Obesity Federation. Obes Rev.

15



2017 May;18(7):715-723. doi: 10.1111/0br.12551. Epub 2017 Mar 29. PMID: 28349668;
PMCID: PMC5420272.

[7] Garvey WT, Mechanick JI, Brett EM, Garber AJ, Hurley DL, Jastreboff AM, Nadolsky K,
Pessah-Pollack R, Plodkowski R, Reviewers of the AACE/ACE Obesity Clinical Practice
Guidelines. American Association of Clinical Endocrinologists and American College of
Endocrinology Comprehensive Clinical Practice Guidelines for Medical Care of Patients with
Obesity. Endocr Pract. 2016 Jul;22 Suppl 3:1-203. doi: 10.4158/EP161365.GL. PMID:
27421924.

[8] Centers for Disease Control and Prevention. Defining Adult Overweight and Obesity.
Atlanta (GA): Centers for Disease Control and Prevention; 2021. Available from:

https://www.cdc.gov/obesity/adult/defining.html

[9] Thaler JP, Schwartz MW. Minireview: Inflammation and obesity pathogenesis: the
hypothalamus heats up. Endocrinology. 2010 Jun;151(9):4109-15. doi: 10.1210/en.2010-0336.
Epub 2010 Jul 14. PMID: 20631003; PMCID: PMC2933506.

[10] Dorfman MD, Thaler JP. Hypothalamic inflammation and gliosis in obesity. Curr Opin
Endocrinol Diabetes Obes. 2015 Oct;22(5):325-30. doi: 10.1097/MED.0000000000000185.
PMID: 26313566; PMCID: PMC4573362.

[11] Thaler JP, Choi SJ, Schwartz MW, Wisse BE. Hypothalamic inflammation and energy
homeostasis: resolving the paradox. Front Neuroendocrinol. 2010 Jul;31(3):79-84. doi:
10.1016/j.yfrne.2010.02.004. Epub 2010 Feb 27. PMID: 20193766; PMCID: PMC2885887.

[12] Valdearcos M, Douglass JD, Robblee MM, Dorfman MD, Stifler DR, Bennett ML,
Gerritse I, Fasnacht R, Barres BA, Thaler JP, Koliwad SK. Microglial inflammatory signaling
orchestrates the hypothalamic immune response to dietary excess and mediates obesity
susceptibility. Cell Metab. 2017 Jan 10;25(1):165-178. doi: 10.1016/j.cmet.2016.10.016. Epub
2016 Nov 17. PMID: 27867003; PMCID: PMC5233645.

[13] Thaler JP, Choi SJ, Schwartz MW, Wisse BE. Hypothalamic inflammation and energy
homeostasis: resolving the paradox. Front Neuroendocrinol. 2010 Jul;31(3):79-84. doi:
10.1016/j.yfrne.2010.02.004. Epub 2010 Feb 27. PMID: 20193766; PMCID: PMC2885887.

16


about:blank

[14] Hotamisligil GS. Inflammation and metabolic disorders. Nature. 2006 Dec
14;444(7121):860-7. doi: 10.1038/nature05485. PMID: 17167474,

[15] Marchesini G, Bugianesi E, Forlani G, Cerrelli F, Lenzi M, Manini R, Natale S, Vanni E,
Villanova N, Melchionda N, Rizzetto M. Nonalcoholic fatty liver, steatohepatitis, and the
metabolic syndrome. Hepatology. 2003 Apr;37(4):917-23. doi: 10.1053/jhep.2003.50161.
PMID: 12668989.

[16] Schéffler A, Scholmerich J. Innate immunity and adipose tissue biology. Trends Immunol.
2010 Oct;31(10):394-401. doi: 10.1016/}.it.2010.08.003. Epub 2010 Sep 11. PMID: 20832372.

[17] Lavie CJ, McAuley PA, Church TS, Milani RV, Blair SN. Obesity and cardiovascular
diseases: implications regarding fitness, fatness, and severity in the obesity paradox. J Am Coll
Cardiol. 2014 Nov 25;63(14):1345-54. doi: 10.1016/j.jacc.2014.01.022. PMID: 24561154,

[18] Kenchaiah S, Evans JC, Levy D, Wilson PW, Benjamin EJ, Larson MG, Kannel WB,
Vasan RS. Obesity and the risk of heart failure. N Engl J Med. 2002 Aug 1;347(5):305-13. doi:
10.1056/NEJM0a020245. PMID: 12151467.

[19] Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi MG, Commerford P, Lang CC,
Rumboldt Z, Onen CL, Lisheng L, Tanomsup S, Wangai P Jr, Razak F, Sharma AM, Anand
SS; INTERHEART Study Investigators. Obesity and the risk of myocardial infarction in 27,000
participants from 52 countries: a case-control study. Lancet. 2005 Aug 27-Sep
2;366(9497):1640-9. doi: 10.1016/S0140-6736(05)67663-5. PMID: 16271645.

[20] Wang Y, Rimm EB, Stampfer MJ, Willett WC, Hu FB. Comparison of abdominal
adiposity and overall obesity in predicting risk of type 2 diabetes among men. Am J Clin Nutr.
2005 Jul;82(1):245-50. doi: 10.1093/ajcn.82.1.245. PMID: 16002803.

[21] Huxley R, Mendis S, Zheleznyakov E, Reddy S, Chan J. Body mass index, waist
circumference and waist:hip ratio as predictors of cardiovascular risk--a review of the literature.
Eur J Clin Nutr. 2010 Jul;64(1):16-22. doi: 10.1038/ejcn.2009.68. Epub 2009 Apr 1. PMID:
19337237.

[22] Franssen FM, O'Donnell DE, Goossens GH, Blaak EE, Schols AM. Obesity and the lung:
5 - Obesity and pulmonary function. Thorax. 2008 Mar;63(3):111-7. doi:
10.1136/thx.2007.086827. Epub 2007 Aug 16. PMID: 17702780.

17



[23] Salome CM, King GG, Berend N. Physiology of obesity and effects on lung function. J
Appl Physiol (1985). 2010 Jan;108(1):206-11. doi: 10.1152/japplphysiol.00694.2009. Epub
2009 Sep 17. PMID: 19762622.

[24] Sutherland TJ, Goulding A, Grant AM, Cowan JO, Williamson A, Williams SM, Skinner
MA, Taylor DR. The effect of adiposity measured by dual-energy X-ray absorptiometry on
lung function. Eur Respir J. 2008 Jul;32(1):85-91. doi: 10.1183/09031936.00104007. Epub
2008 Apr 2. PMID: 18385215.a

[25] Chinn S, Jarvis D, Burney P. Relation of bronchial responsiveness to body mass index in
the ECRHS. European Community Respiratory Health Survey. Thorax. 2002 Mar;57(3):1028-
33. doi: 10.1136/thorax.57.12.1028. PMID: 12403892; PMCID: PMC1746435.

[26] Flegal KM, Graubard BIl, Williamson DF, Gail MH. Excess deaths associated with
underweight, overweight, and obesity. JAMA. 2005 Apr 20;293(15):1861-7. doi:
10.1001/jama.293.15.1861. PMID: 15840860.

[27] Haslam DW, James WP. Obesity. Lancet. 2005 Aug 27-Sep 2;366(9492):1197-209. doi:
10.1016/s0140-6736(05)67483-1. PMID: 161987609.

[28] Ouchi N, Parker JL, Lugus JJ, Walsh K. Adipokines in inflammation and metabolic
disease. Nat Rev Immunol. 2011;11(2):85-97. d0i:10.1038/nri2921

[29] Bluher M. Adipose tissue dysfunction in obesity. Exp Clin Endocrinol Diabetes.
2009;117(6):241-250. doi:10.1055/s-0029-1192043

[30] Pivonello R, De Leo M, Vitale P, et al. Pathophysiology of diabetes mellitus in Cushing's
syndrome. Neuroendocrinology. 2010;92 Suppl 1:77-81. doi:10.1159/000314313

[31] Tyrovolas S, Koyanagi A, Garin N, et al. Chronic Diseases and Frailty Considered as
Dysfunctions of an Interaction Between the Endocrine and Musculoskeletal System. Aging Dis.
2016;7(3):237-250. doi:10.14336/AD.2015.1001

[32] Kim J, Lee Y, Kye S, Chung YS, Lee O. Association between Obesity and Knee
Osteoarthritis: A Cross-Sectional Study from the Fifth Korea National Health and Nutrition
Examination  Survey (KNHANES V). PLoS One. 2015;10(12):e0145539.
doi:10.1371/journal.pone.0145539

18



[33] Holick MF. Vitamin D: important for prevention of osteoporosis, cardiovascular heart
disease, type 1 diabetes, autoimmune diseases, and some cancers. South Med J.
2005;98(10):1024-1027. doi:10.1097/01.SMJ.0000140865.32054.DB

[34] Weitman ES, Aschen SZ, Farias-Eisner G, Albano N, Cuzzone DA, Ghanta S, Zampell
JC, Thorek DL, Mehrara BJ. Obesity impairs lymphatic fluid transport and dendritic cell
migration to lymph nodes. PLoS One. 2013 Aug 5;8(8):e70703. doi:
10.1371/journal.pone.0070703. PMID: 23940567; PMCID: PMC3735708.

[35] Liao S, Cheng G, Conner DA, Huang Y, Kucherlapati RS, Munn LL, Ruddle NH, Jain
RK, Fukumura D, Padera TP. Impaired Ilymphatic contraction associated with
immunosuppression. Proc Natl Acad Sci U S A. 2011 Mar 1;108(9):18784-9. doi:
10.1073/pnas.1116150108. Epub 2011 Feb 14. PMID: 21321213; PMCID: PMC3048124.

[36] Harvey NL, Srinivasan RS, Dillard ME, Johnson NC, Witte MH, Boyd K, Sleeman MW,
Oliver G. Lymphatic vascular defects promoted by Prox1 haploinsufficiency cause adult-onset
obesity. Nat Genet. 2005 Jul;37(7):1072-81. doi: 10.1038/ng1642. Epub 2005 Jun 12. PMID:
15951817.

[37] Bellver J, Pellicer A, Garcia-Velasco JA, Ballesteros A, Remohi J, Meseguer M. Obesity
reduces uterine receptivity: clinical experience from 9,587 first cycles of ovum donation with
normal weight donors. Fertil Steril. 2013 Oct;100(4):1050-8. doi:
10.1016/j.fertnstert.2013.06.032. Epub 2013 Jul 24. PMID: 23890929.

[38] Hammoud AO, Gibson M, Peterson CM, Meikle AW, Carrell DT. Impact of male obesity
on infertility: a critical review of the current literature. Fertil Steril. 2008 Nov;90(4):897-904.
doi: 10.1016/j.fertnstert.2008.08.026. Epub 2008 Oct 11. PMID: 18929048.

[39] Chavarro JE, Toth TL, Wright DL, Meeker JD, Hauser R. Body mass index in relation to
semen quality, sperm DNA integrity, and serum reproductive hormone levels among men
attending an infertility clinic.  Fertil  Steril. 2010 Nov;94(5):1731-7. doi:
10.1016/j.fertnstert.2009.09.030. Epub 2009 Nov 4. PMID: 19896189; PMCID: PMC2997323.

[40] Silvestris E, de Pergola G, Rosania R, Loverro G. Obesity as disruptor of the female
fertility. Reprod Biol Endocrinol. 2018 May 15;16(1):22. doi: 10.1186/s12958-018-0343-4.
PMID: 29764421; PMCID: PMC5954134.

19



