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Abstract

Introduction and Objective: Obesity is a major social and economic problem. Since the

1980s, the number of overweight and obese people has doubled. Treatment of such patients is

30% more expensive than for people of normal weight. The main aim of the article is to

present the impact of the occurrence of respiratory diseases and the deterioration of the

system function. In addition, the article reviews the impact of physical activity and diet on

weight loss and the prevention of further weight gain.

Review and Methods: Review and summary of studies and meta-analysis of studies available

in open-source format on Google Scholar and PubMed.

Abbreviated Description of the State of Knowledge: One of the most common diseases in

the population is bronchial asthma. People with excess body weight have a more severe

course, and numerous studies have been carried out to explain the cause. The main

mechanism that worsens respiratory function is mechanical compression by fatty tissue. It has

also been observed that the inflammatory response, underlying the etiopathogenesis of asthma,

may be caused by the secretion of inflammatory mediators by adipocytes. This is currently

being investigated.

Obstructive sleep apnea is a disorder that results in a fragmentation of sleep, which has

serious health consequences and leads to a reduction in quality of life. Obesity is a major risk

factor. The severity of the condition is strongly related to excess body weight.

Obese hypoventilation syndrome is a condition in which obesity impairs alveolar

ventilation and CO2 removal, resulting in hypercapnia, which can lead to respiratory failure.

Summary: Weight loss and interventions to prevent weight gain in people with a baseline

BMI >25 kg/m2 are fundamental to good health. For best results, a calorie-restricted diet

should be combined with physical activity. The WHO has created recommendations for the

amount of physical activity needed each week.

Keywords: Obesity; Respiratory Diseases; Physical Activity; Obstructive Sleep Apnea;

Obesity Hypoventilation Syndrome;
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Introduction

Obesity is one of the most important medical issues of the present time. Over the last 50 years,

there has been a significant increase in the incidence of obesity. It is promoted by increasingly

widespread unhealthy lifestyles, including low levels of physical activity and unhealthy diets

[6]. Since the 1980s, the incidence of people with excess body weight has doubled [9], as

evidenced by a systematic review and meta-analysis of studies conducted to assess the

prevalence of central obesity in populations around the world, taking into account age, sex,

race, place of residence, and income level. The results of the meta-analysis of 288 studies

involving a total of 13 million people indicate that 41.5% of the world's population aged 15

years and older have a body weight above the normal range. The prevalence of overweight is

higher in people over 40 years of age, women, people of Caucasian race, people living in

cities, and people with higher income per capita [3].

Obesity is a disease with a complex etiology caused by excessive accumulation of fat in the

body, which has a negative impact on the functioning of organ systems and increases the risk

of disease and mortality. In addition, studies have shown that treating obese patients is 30%

more expensive for the healthcare system than treating people with a normal body weight [5].

The underlying cause of the disease is a long-term imbalance between the amount of energy

taken in with food and the amount of energy used by the organism. Excess energy is stored in

fat tissue, whose cells become abnormally enlarged. Recent studies have shown that the origin

of foods containing high-quality nutrients is particularly important in preventing obesity and

the development of many diseases [8]. The genetic predisposition to metabolic and hormonal

disorders and the tendency to gain weight in some people cannot be ignored [7].

This article will focus on the harmful effects of obesity on the respiratory system. In many

cases, this common disease leads to an earlier onset of health problems, a more difficult

course and treatment, and a worse prognosis for patients [2].

The basic index used to control the nutritional status of adults is BMI (kg/m2). A resulting

index value of 30 kg/m2 or more allows the diagnosis of obesity. BMI values of 25.0–29.9

kg/m2 are considered overweight, and obesity is further classified into stage I (BMI 30.0–34.9

kg/m2), stage II (BMI 35.0–39.9 kg/m2), and stage III (BMI 40 kg/m2 or more) [1]. For

children, this is done using centile charts, which are specifically designed for gender, age, and

population. Obesity can also be classified according to the area where fat is stored in the body.

Abdominal obesity, the excessive accumulation in the abdominal area, is defined by the WHO
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as a waist circumference over 94 cm in men and over 80 cm in women. This type of obesity is

associated with a greater health risk due to an unfavorable lipid profile, hypertension, and

atherosclerosis; it is more common in men [4]. Gluteo-femoral obesity is associated with a

lower health risk and is more common in women.

Connection Between Obesity and Bronchial Asthma

Bronchial asthma is a respiratory disease characterized by hyperactivity of the bronchial tubes

leading to their excessive constriction, triggered spontaneously or in response to a wide range

of external and internal factors that do not cause such a reaction in healthy people. Excessive

bronchial reactivity is accompanied by chronic inflammation of the airways, which is the

basis for the pathogenesis of bronchial asthma. The influence of obesity on respiratory

diseases has been observed for a long time, and many studies confirm the increased frequency

and worse course of this disease in people with chronic excess body weight. Based on

research conducted in the United States from 2001-2009, the incidence of bronchial asthma

increased from 7.3% in 2001 to 8.2% in 2009. The incidence in children aged <18 years was

9.4% [11]. During this time period, the prevalence of self-reported obesity in the US

population increased by 7%, reaching 26.7% in 2009 [10]. This suggests that although

bronchial asthma is less common than obesity, we are seeing an increasing incidence of both

disorders. Many studies have collected data indicating that obesity increases the risk of

asthma, and the increased immunological activity in both diseases allows us to look for

connections between pathological mechanisms in both diseases [12][13].

Excessive adipose tissue, which worsens the mechanical function of the respiratory system,

and chronically elevated inflammatory factors play a particularly important role. These are the

main risk factors for the course of asthma, therapeutic response, and prognosis. Excessively

developed soft tissues accumulate around the thoracic cage, abdominal cavity, and diaphragm,

causing a decrease in the compliance of the chest walls and additionally increasing the energy

required for the work of the respiratory muscles. This results in a reduction of air flow in the

respiratory tract, causing a deterioration in parameters obtained by spirometry, such as forced

vital capacity (FVC) and forced expiratory volume in one second (FEV1). Functional residual

capacity (FRC) and expiratory reserve volume (ERV) are significantly reduced [14][15][10].

Characteristics of obese individuals include shallow and rapid breathing and increasing

dyspnea.
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Many researchers have investigated the relation between inflammation and obesity [20]. For

this purpose, it is necessary to closely examine the role of adipocytes, which, in addition to

their storage function, play an endocrine role consisting of the production of pro-

inflammatory factors such as leptin, TNF-alpha, and IL-6, which stimulate inflammatory

processes (chronic but with low CRP levels) in the body. In addition, reduced secretion of

adiponectin, an anti-inflammatory factor, is observed in obese patients, and its secretion is

inhibited by IL-6. Chronically elevated levels of TNF-alpha have a negative effect on the

function of T lymphocytes [21].

An important factor that has been studied for many years is leptin (a product of the Obese

gene), a protein secreted by adipocytes. It acts as a satiety regulator by acting on receptors in

the hypothalamus. As a result of chronically elevated leptin levels, obese people develop

resistance to this hormone acting on brain receptors. In addition, leptin is the major pro-

inflammatory mediator secreted by adipose tissue cells; it regulates the proliferation and

activation of T lymphocytes, monocytes, and macrophages [16].

Most of the available research suggests an association between obesity and inflammatory

diseases of the respiratory tract. However, studies in humans do not allow us to draw clear

conclusions that obesity worsens the course of eosinophilic airway inflammation. In a study

of 727 obese patients with and without asthma, induced sputum was examined. The number

of eosinophils in the sputum was increased in patients with asthma, which is characteristic of

the disease. However, no significant association was found between increased BMI and

sputum eosinophil count [17]. On the other hand, an association between obesity and asthma

and reduced airflow efficiency through the airways has been demonstrated [18]. An increased

concentration of IL-5 in sputum has also been shown [19]. This suggests that there may be a

link between obesity and an inflammatory airway disease such as asthma, although the

mechanisms involved are similar to those known, they are to some extent different and not yet

well understood.

Obstructive Sleep Apnea

Obstructive sleep apnea (OSA) is a disease characterized by the occurrence of apnea, defined

as a 90% reduction in airflow through the airways or a 50% reduction in breathing with a 3%

drop in oxygen hemoglobin saturation lasting >10 seconds, caused by obstruction of airflow

through the upper airways, with normal respiratory muscle function. Men are more likely to

be affected, accounting for about 24% of the adult population aged 30-60, compared to
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women, who make up 9% of this group [22]. It is estimated that about 60% of moderate and

severe cases of this disease are correlated with obesity. A BMI >25 kg/m^2 is the main risk

factor for OSA, and the risk of developing the disease increases as the index rises [23]. The

accumulation of adipose tissue around the neck and the restriction of respiratory movements

due to the accumulation of adipose tissue in the abdomen and chest causes reduced ventilation

and reduced vital capacity of the lungs, leading to hypoxia and hypercapnia. Other causes

may include enlargement of the palatine tonsils, uvula, and tongue; anatomical abnormalities

in the bone structure of the maxilla and mandible; nasal septum deviation; conditions forcing

prolonged mouth breathing such as infectious or allergic rhinitis; swelling caused, for

example, by hypothyroidism; consumption of alcohol or muscle-relaxing drugs; and GERD

(gastroesophageal reflux disease) [23].

OSA manifests as loud snoring and frequent awakenings at night, leading to daytime

sleepiness and decreased concentration. Long-term, the disease significantly reduces the

quality of life. Periodic drops in saturation cause increased sympathetic nervous system

stimulation. The severity of the disease is determined by the apnea and hypopnea index (AHI)

per hour of sleep. A score of 5-15 is classified as mild, 15-30 as moderate, and >30 as severe

[22]. The severity of the condition has been shown to be related to body weight, with an

estimated 10% increase in body weight causing an increase in AHI of up to 32% [23].

Untreated OSA increases the risk of cardiovascular diseases, metabolic diseases including

type 2 diabetes mellitus, neurological disorders, and depression.

CPAP remains the gold standard for the treatment of OSA; however, all patients are advised

to reduce their body weight, as both patients with severe and mild forms of the disease benefit

from this approach. A 10% weight loss results in a 26% reduction in AHI [25]. In a

randomized clinical trial, lifestyle changes and weight loss over six months were shown to

reduce disease severity in 57% of subjects, achieve complete remission in 29%, and eliminate

the need for CPAP therapy in 61% of subjects [24].

Obesity Hypoventilation Syndrome and Obesity-Related Respiratory Failure

OHS (Obesity Hypoventilation Syndrome) is a condition in which effective ventilation is

limited by excess body weight. In this case, a triad of symptoms is observed: BMI >30

kg/m^2, hypoventilation leading to daytime hypercapnia, and nocturnal hypoventilation not

explained by the presence of other diseases. Increased body weight causes restriction of

diaphragmatic movement and decreased chest compliance, resulting in short and shallow
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breaths in patients. OHS is found in about 90% of patients with OSA and in about 50% of

patients hospitalized for obesity with a BMI over 50 kg/m^2 [26,27]. Similar to patients with

chronic obstructive pulmonary disease (COPD), central chemoreceptors, which respond to the

partial pressure of carbon dioxide in the blood, have a reduced stimulatory response to

respiratory drive. Their role is partly taken over by peripheral chemoreceptors, which are

sensitive to the partial pressure of oxygen. Therefore, oxygen therapy should be used

cautiously in these patients because of the risk of inducing respiratory arrest [26, 28].

One-third of patients with OHS may develop ORRF (Obesity-Related Respiratory Failure)

through a mechanism of acute hypercapnic respiratory failure, most commonly in association

with COPD. These patients require non-invasive ventilation (NIV) [25]. Treatment should be

multifaceted, including positive airway pressure (PAP) therapy, lifestyle changes, weight loss,

and, for eligible patients, bariatric surgery [27,28].

Role of Physical Activity in Weight Loss and Preventing Obesity

Physical activity plays a very important role in a healthy human life. The WHO recommends

that adults should perform at least 150–300 minutes per week of moderate-intensity aerobic

physical activity, or at least 75–150 minutes per week of vigorous-intensity aerobic physical

activity, or an equivalent amount of mixed-intensity physical activity during the week. At the

same time, it is recommended to limit the time spent sitting [30]. This will help to prevent

many systemic diseases and obesity, and to maintain previously reduced body weight.

Physical activity plays an important role in reducing body weight and preventing obesity.

Many trials have been carried out to compare the most effective ways of losing weight.

Physical activity alone has been compared with a combination of exercise and a calorie-

restricted diet. Based on a review of the research, the best solution is to combine a calorie-

restricted diet with physical activity. This strategy resulted in the most effective reduction in

the BMI index.

Based on the systematic review by Washburn et al., results were obtained confirming the

higher efficacy of weight loss through exercise and dietary modification. The median weight

loss was 8.8%, compared with 6.9% for a restricted diet alone [33][34]. A study, which

included 130 adults with class III obesity and a BMI of around 44 kg/m^2, showed that

physical activity added to dietary weight loss could reduce body weight by an additional 2.7

kg, achieving a 10.9 kg lower body weight versus 8.2 kg lower body weight after 6 months in
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patients using diet alone [35]. A systematic review by Thorogood et al. examined the effects

of exercise alone, without diet, on weight loss. During 6 months of exercise programs, the

average weight loss was only 1.6 kg [36].

A low-calorie diet has been shown to be effective in reducing body weight. An even better

effect can be achieved by adding physical activity of at least moderate intensity to create a

greater difference between the amount of energy consumed and used by the body. However,

the role of physical activity is particularly important for long-term weight loss and preventing

weight gain. Performing 150–300 minutes of at least moderate-intensity physical activity per

week, as recommended by the WHO, can help achieve this [32][37]. Another positive aspect

of physical activity is the reduction of abdominal adipose tissue. This is beneficial even

without weight loss, as abdominal obesity significantly increases the risk of cardiovascular

disease [29][31][38][39].

Conclusions

A review of articles and scientific research leads to the conclusion that excess body weight

has a negative effect on the functioning of the respiratory system. The influence of excess

adipose tissue on the mechanical function of the organs of this system is best documented.

The flow of air through the respiratory tract deteriorates during exercise and sleep, and the

effort required to breathe increases. The influence of fat cells in the development of

inflammatory diseases is also very likely. The problem of obesity in the world is serious and

growing, so both treatment and prevention are important. Physical activity combined with a

healthy, low-calorie diet are proven methods for a healthy lifestyle.
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