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Abstract: 

Introduction: Osteoporosis is a systemic skeletal disorder characterized by reduced bone mass 

and deterioration of bone microarchitecture, leading to increased fracture risk. Its prevalence 

continues to rise with population aging, and osteoporotic fractures-particularly of the hip, 

vertebrae, and distal radius-represent a major cause of disability and mortality in older adults. 

Lifestyle factors play a crucial role in the development and progression of the disease, with 

physical inactivity identified as one of the key modifiable risk factors. Evidence indicates that 

appropriately designed physical activity, especially resistance and weight-bearing training, can 

effectively improve bone mineral density, reduce fall risk, and contribute to long-term fracture 

prevention. This review summarizes current knowledge on osteoporosis with particular 

emphasis on the role of sport and structured physical activity in its prevention. 

Purpose of work: The purpose of this article is to review current scientific literature regarding 

the epidemiology, risk factors, pathophysiology, and clinical consequences of osteoporosis, 

with a particular emphasis on the role of physical activity and sports as preventive measures. 

The work aims to summarize evidence on exercise interventions effective in improving bone 

mineral density and reducing fracture risk in at-risk populations.  

Materials and methods: An analysis of scientific articles available on PubMed and Google 

Scholar was conducted using the following keywords: osteoporosis, weight-bearing exercise, 

fracture prevention, aging, postmenopausal women, fall risk, musculoskeletal health, vitamin 

D, calcium, bone metabolism, epidemiology, risk factors, preventive medicine 

Results: The reviewed literature confirms that physical activity is a key factor in maintaining 

bone health and preventing osteoporosis progression. Resistance and weight-bearing exercises 

consistently improve or preserve bone mineral density, particularly in the femoral neck and 

lumbar spine. Multimodal programs combining strength, balance, and mobility training show 

superior effects compared with low-intensity activities such as swimming or recreational 

walking. Regular exercise also enhances muscle strength, balance, and coordination, leading to 

a reduced risk of falls-one of the primary causes of osteoporotic fractures. High-impact sports 

are associated with higher BMD, while supervised resistance training is especially effective for 

older adults. 

Keywords: Osteoporosis; bone mineral density; physical activity; sports; fracture prevention; 

aging; resistance training; epidemiology. 
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EPIDEMIOLOGY 

 

Osteoporosis is defined in various consensus statements as a systemic skeletal disease that leads 

to a decrease in bone mass and microarchitectural deterioration of bone tissue, resulting in 

increased susceptibility to fractures [1], or it is also defined as a decrease in bone mineral 

density and increased susceptibility of bone tissue to fractures [2]. In Poland, the proportion of 

people over 65 years of age increased from 4.8% in 1931 to 13.3% in 2005, and according to 

forecasts, it will reach as much as 31.3% in 2050. This means an increase in the size of this 

group by approximately 4.3 million people. The aging of the population is also associated with 

an increase in the number of patients with senile osteoporosis. Currently, these people account 

for about 20% of primary osteoporosis cases, and most of them are over 75 years of age. [3] 

Osteoporosis-related fractures have particularly serious consequences in older people; a hip 

fracture in this age group is sometimes referred to as the “last fracture” in life. In addition, it is 

estimated that about 30% of women and 20% of men over the age of 50 experience such injuries. 

[4] Poland is classified as a country with a moderate risk of osteoporotic fractures. Significantly 

higher rates are observed in Western European and Scandinavian countries, which is probably 

due to their longer average life expectancy. [5] It is estimated that the number of hip fractures 

worldwide, which currently stands at around 1.6 million, will rise to almost 4 million in 2025 

and to over 6 million in 2050. [6] It is assumed that globally, one in three women and one in 

five men over the age of 50 will experience an osteoporosis-related fracture later in life. [7] 

Although studies show that osteoporosis is less common in men than in women, they also 

indicate that men are more likely to experience complications and a greater deterioration in 

quality of life associated with the disease. [8] About one-third of all hip fractures occur in men, 

and one in eight men over the age of 50 will suffer an osteoporosis-related fracture. [9] It is 

worth noting that hip fractures are much more common in women – their incidence compared 

to men is about 5:1. However, this ratio decreases with the age of the population and reaches 

values close to 2:1 after the age of 75. [10,11] In advanced cases, the disease can lead to 

fractures, which result in an increased risk of disability, deterioration in mood, a decline in 

quality of life, and sometimes also increased mortality. [12]. Currently, there is still a significant 

gap in primary fracture prevention. Studies indicate that an estimated 80-90% of adults do not 

receive adequate treatment for osteoporosis, even as part of secondary prevention measures. 
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[13,14] Osteoporosis has become a significant global public health challenge. [15] Osteoporosis 

can be divided into two main types based on its causes: primary and secondary. 

 

Within primary osteoporosis, the following types are distinguished: 

 

• Type I (postmenopausal) osteoporosis - develops as a result of a sharp drop in estrogen 

levels after menopause, which disrupts bone metabolism, especially trabecular (spongy) 

tissue. 

• Type II (senile) involutional osteoporosis - its development is associated with the natural 

aging process of the body, affecting both trabecular and cortical bone. 

 

Secondary osteoporosis, on the other hand, results from the presence of other diseases or the 

use of certain medications that can affect bone tissue metabolism. [5] 

 

SYMPTOMS 

 

The clinical significance of osteoporosis is most evident when fractures occur. They most 

commonly affect the hip, vertebrae, and distal radius. These types of fractures have serious 

consequences - they increase the risk of death, lead to numerous health complications, and 

generate high treatment costs. [16] The most common fractures in osteoporosis include 

fractures of the femoral neck, vertebral bodies - especially in the thoracic and lumbar spine - 

and the distal part of the radius, typically referred to as Colles' fractures. [17] In people over 70 

years of age, the most common fracture is the proximal end of the femur, which can result in 

thromboembolic complications, infections, and permanent disability. Multiple fractures can 

lead to chronic back, head, and neck pain, pain when coughing, abdominal discomfort, 

constipation, respiratory failure, reduced height, and excessive thoracic kyphosis, known as 

“widow's hump.” Severe disability often results in depression, social isolation, and a decline in 

quality of life. [18] 

 

PATHOPHYSIOLOGY 

 

The aging process leads to an imbalance between bone resorption and formation, resulting in 

resorption predominating. This results in increased porosity of the cortical bone and thinning 

and/or perforation of the trabeculae in the cancellous bone, which in turn weakens the 
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mechanical strength of the skeletal system. One of the important factors exacerbating these 

changes is calcium deficiency, which is common in older people. [7] In the case of insufficient 

calcium absorption in the intestines, the active form of vitamin D - 1,25-dihydroxyvitamin D 

(calcitriol) - mobilizes calcium from the skeleton by acting on VDR receptors in osteoblasts 

and stimulating RANKL expression. [19] RANKL binds to the RANK receptor on 

preosteoclasts, which stimulates their maturation, increases the number of osteoclasts, and 

intensifies bone resorption, thereby mobilizing calcium and phosphorus into the blood. Calcium 

deficiencies may result from limited supply, impaired absorption, or vitamin D3 deficiency, 

which promotes secondary hyperparathyroidism. 

Calcitriol promotes calcium and phosphorus absorption in the intestines and inhibits 

parathyroid hormone (PTH) secretion. Vitamin D3 deficiency leads to increased PTH levels, 

which increases bone turnover and exacerbates bone loss. In bones with accelerated turnover, 

osteoid tissue accounts for the majority of bone tissue due to more intense bone remodeling. In 

older people, vitamin D deficiency may result from limited exposure to sunlight, reduced ability 

of the skin to synthesize cholecalciferol, and dietary deficiencies or malabsorption disorders. It 

is estimated that vitamin D3 deficiency may affect up to 50% of the elderly population. In 

postmenopausal women, low estrogen levels are a key factor accelerating bone loss. The most 

intense reduction in bone density occurs within 5-7 years after the cessation of ovarian function, 

after which the process slows down and continues for the rest of life. [19,20] Estrogens regulate 

the balance between bone formation and resorption, both quantitatively and qualitatively, 

affecting the functioning of trabeculae and bone architecture. During the postmenopausal period, 

estrogen levels decline along with reduced expression of the estrogen receptor α (ERα), which 

participates in mechanically activated signaling pathways. Estrogen deficiency prolongs the life 

of osteoclasts, inhibits their apoptosis, and increases the production of cytokines that stimulate 

osteoclastogenesis and bone resorption. Kidney dysfunction, including chronic kidney disease 

(CKD), which promotes the development of osteoporosis, osteomalacia, adynamic bone disease, 

and renal osteodystrophy, is often observed in older people. In CKD, cortical bone thinning and 

calcium loss through the kidneys are particularly important, as they can lead to secondary 

hyperparathyroidism. Even in the early stages of CKD, mineral metabolism disorders are 

observed, including abnormalities in calcium, phosphorus, PTH, and vitamin D concentrations, 

as well as changes in bone turnover, mineralization, bone volume and strength, and calcification 

of blood vessels and soft tissues. Deficiencies in micronutrients such as zinc can exacerbate 

bone resorption through increased production of prostaglandin E2, which stimulates the 

formation of multinucleated osteoclast-like cells. Low physical activity and immobilization, 
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common in older people with multiple diseases, lead to a decrease in bone mass and strength – 

in chronically immobilized patients, bone loss after 6 months can reach 25-45%. Regular 

physical activity increases the OPG/RANKL ratio, inhibits osteoclast function, and promotes 

osteoblast differentiation. Aging is also associated with increased inflammation related to 

diseases such as atherosclerosis, asthma, Alzheimer's disease, and autoimmune disorders. 

Higher concentrations of inflammatory mediators, including IL-6, IL-1, and TNF-α, activate 

osteoclasts, introducing an inflammatory component to the mechanisms of osteoporosis. The 

concept of “cellular aging,” introduced by Hayflick in the 1960s, refers to the point at which 

cells stop dividing under stress leading to DNA damage. These cells secrete cytokines, 

chemokines, and extracellular matrix proteins, creating a toxic microenvironment that can also 

damage healthy cells. Telomere shortening, oxidative stress, and genetic and epigenetic changes 

contribute to the aging of bone marrow stromal cells (BMSCs), which plays a role in the 

pathomechanism of senile osteoporosis. [21] 

 

Risk factors for osteoporosis are divided into two groups. These include modifiable factors (1) 

and non-modifiable factors (2). 

 

Modifiable factors include: 

• Low intake of calcium and vitamin D in the diet; 

• Deficiency of protein and other micronutrients essential for bones; 

• Smoking; 

• Excessive alcohol consumption; 

• Sedentary lifestyle and lack of regular physical activity; 

• Certain chronic diseases (e.g., rheumatoid arthritis, thyroid disease) and use of 

medications (e.g., glucocorticosteroids). 

 

Non-modifiable factors include: 

• Age – the risk increases with age, especially after the age of 50; 

• Female gender – women are more at risk, especially after menopause; 

• Family history – osteoporotic fractures in parents increase the risk; 

• Previous fractures – a history of bone injury increases the likelihood of further fractures; 

• Low body weight and small skeletal frame; 

• Ethnicity – Caucasian and Asian races are associated with a higher risk. 
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Particular importance is currently attached to proper nutrition, which plays a key role in slowing 

bone loss and reducing the risk of fractures. Numerous studies emphasize that a diet rich in 

calcium, protein, and vitamins C and D is an important part of osteoporosis prevention. 

[22,23,24] Studies to date have shown that micronutrients play an important role in the 

prevention of osteoporosis, which emphasizes the importance of proper nutrition. [25] On the 

other hand, poor eating habits are considered a factor contributing to the development of 

osteoporosis and an increased risk of fractures. [26] 

 

PREVENTION 

 

Prevention of osteoporosis includes measures aimed at maintaining normal bone mass, 

improving skeletal strength, and reducing the risk of fractures. This strategy should combine 

lifestyle modifications, proper diet, supplementation, and physical activity programs tailored to 

the patient's age and health status. We distinguish four key preventive measures: 

 

1. Physical activity – regular exercise is a key element in the prevention of osteoporosis. 

Training should combine weight-bearing, resistance (PRT), balance, and mobility exercises as 

part of multimodal programs. High-intensity exercises and rapid muscle contractions (explosive 

training) have the greatest impact on increasing bone mineral density (BMD) and improving 

musculoskeletal function. These programs should be tailored to individual abilities, take into 

account the risk of falls, and apply the principles of training: specificity, progressive overload, 

reversibility, initial values, and the principle of diminishing returns. 

 

2. Diet and supplementation - adequate intake of calcium and vitamin D3 is essential for normal 

bone metabolism. A diet rich in dairy products, fish, leafy vegetables, and foods fortified with 

vitamin D is recommended. Calcium and vitamin D supplementation may be particularly 

beneficial for older adults or those with limited exposure to sunlight. Maintaining adequate 

levels of these nutrients minimizes the risk of secondary hyperparathyroidism and reduces bone 

loss. 

 

3. Lifestyle – prevention should also include modifying risk factors such as smoking, excessive 

alcohol consumption, and a sedentary lifestyle. Regular physical activity and avoiding 

prolonged immobility reduce bone loss and improve balance and muscle strength, which 

reduces the risk of falls. 
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4. Risk assessment and monitoring - In people at increased risk, such as postmenopausal women 

or people with chronic kidney disease, regular BMD assessment and monitoring of fracture risk 

factors is recommended. If osteopenia or osteoporosis is diagnosed, it may be necessary to 

introduce an individualized physiotherapy program and, possibly, pharmacological treatment. 

 

Osteoporosis prevention should be comprehensive, including educational, dietary, exercise, and 

medical measures, taking into account the patient's age and health condition. Effective 

implementation of these strategies can slow bone loss, improve musculoskeletal function, and 

reduce the risk of fractures, which translates into an improved quality of life for older people. 

 

SPORTS AS PREVENTION 

 

All elderly people, especially those with osteoporosis, should receive recommendations on fall 

prevention. These include regular physical exercise, with particular emphasis on strength and 

balance training, limiting or discontinuing sedatives and sleeping pills, and adapting the 

environment to reduce the risk of injury. Most specialists recommend basic laboratory tests, 

such as a complete blood count, a chemistry panel including calcium, phosphorus, and alkaline 

phosphatase, and measurement of 25-hydroxyvitamin D levels. Further testing is indicated if 

disorders such as hyperthyroidism, celiac disease, multiple myeloma, hypogonadism, or 

hyperparathyroidism are suspected. [27,28,29] The effect of physical activity on individual 

parts of the skeleton varies. Programs combining weight-bearing exercises with resistance 

training are effective in reducing bone loss in the femoral neck and lumbar spine in 

postmenopausal women. [30,31] Resistance exercises involving the upper body also contribute 

to increased bone density in the forearms. [32] A meta-analysis evaluating the effect of physical 

activity on bone mineral density (BMD) in men included only three studies. They showed a 

significant, albeit moderate, improvement in BMD in the femoral neck and a tendency to 

increase BMD in the lumbar spine. [33] Population-based studies of athletes have shown that 

high-intensity activities such as running, squash, and weightlifting contribute to increased bone 

mineral density (BMD), while low-intensity sports such as swimming do not have a significant 

effect. [34,35,36,37] Although observational studies in men and women aged 45 years and older 

have shown that aquatic training reduced age-related bone loss in the hip and lumbar spine, 

land-based exercise has been shown to be more effective in improving bone health. [38] The 

effectiveness of exercise depends on its intensity and duration. Progressive resistance training 
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(PRT) is recommended as an effective method for increasing or maintaining bone mineral 

density (BMD) in postmenopausal women because it generates various loads on bones. These 

loads are generated both by direct muscle action (joint reaction forces) and by the increased 

influence of gravitational forces on the skeleton when bones support heavier loads (ground 

reaction forces). [39] Resistance training may be more effective when performed under the 

supervision of a trainer. People at risk for falls or with back problems should first receive 

specific guidance and a health assessment before increasing the intensity of their exercise. [40] 

In patients with osteoporosis, caution should be exercised when performing repetitive exercises 

that require forward flexion of the spine, as this movement may increase the risk of subsequent 

vertebral fractures. In general, people with osteoporosis can safely participate in exercise, as 

the risk of serious complications is very low. [41] Physical activity can significantly reduce the 

risk of falls, and potentially subsequent fractures, by strengthening muscles, improving balance 

and posture, increasing self-confidence, and improving reaction time. Combined exercise 

programs can include resistance training, balance exercises, aerobic activity, and weight-

bearing exercises. Although current clinical guidelines for the prevention and treatment of 

osteoporosis recommend physical activity as an effective way to maintain or slow bone loss 

during postmenopause and in old age, not all forms or intensities of exercise provide the same 

benefits for the skeletal system. [42] Studies have shown that solitary recreational walking and 

other low- or minimal-intensity aerobic exercise, such as cycling or swimming, have limited or 

no effect on preventing age-related bone loss in postmenopausal women. [43,44] This is 

because these activities typically generate low bone loading, which does not exceed the 

threshold necessary to elicit an adaptive skeletal response. Currently, multimodal programs 

combining at least two types of activity, such as weight-bearing exercise, postural resistance 

training (PRT) or strength training, and balance and mobility exercises, are recommended for 

osteoporosis and fracture prevention. These interventions have been shown to positively impact 

numerous risk factors related to both skeletal health and falls. [39,42] The best results are 

achieved with interventions lasting at least 3 hours per week. [25] Any exercise program 

designed to improve musculoskeletal health and function should be individually tailored to the 

participant's needs and preferences to ensure maximum effectiveness. Such a program should 

incorporate five fundamental principles of training: specificity, progressive loading, 

reversibility, baseline values, and the principle of diminishing returns. For individuals at 

moderate to high risk of osteoporosis-related fractures and/or functional limitations, it is 

recommended that a physical therapist or certified exercise specialist perform a complete health 

assessment and develop a personalized program before beginning exercise. This plan should 
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include both fall prevention and spine-protective exercises to reduce the risk of vertebral 

fractures. 

 

WHO RECOMMENDATIONS 

 

Prevention: 

• Maintaining an active lifestyle and regular physical activity – exercise and physical 

activity contribute to bone health; 

• Adequate dietary calcium intake (in accordance with regional/country 

recommendations). 

• Maintaining a healthy body weight and avoiding underweight – being underweight is a 

risk factor for osteoporosis. 

• Sufficient exposure to sunlight - which promotes vitamin D synthesis and supports bone 

metabolism. 

• Reducing risk factors such as smoking and excessive alcohol consumption – these habits 

negatively impact bone health. 

The Role of Physical Activity: 

• Physical activity likely plays a significant role in the prevention of osteoporosis, 

particularly in maintaining bone mineral density (BMD) in the lumbar spine. 

• Higher-intensity exercise programs (longer duration, frequency) and those that 

incorporate multiple types of activity (e.g., resistance exercise + weight-bearing 

exercise + balance/mobility) appear to be more effective than light, sporadic forms of 

exercise. 

 

CONCLUSIONS 

 

Osteoporosis represents a major global health issue associated with substantial morbidity, 

reduced quality of life, and increased mortality. Evidence consistently shows that physical 

activity particularly resistance and weight-bearing exercisesis one of the most effective non-

pharmacological interventions for improving bone mineral density and reducing fracture risk. 

Multimodal exercise programs combining strength, balance, and mobility components provide 

the greatest benefits, especially for older adults and postmenopausal women. Preventive 

strategies should integrate physical activity with appropriate nutrition, vitamin D and calcium 
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intake, and lifestyle modifications. Broader implementation of exercise-based interventions 

may significantly reduce the societal and clinical burden of osteoporosis. 
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