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Abstract. Calcium metabolism, regulated by parathyroid hormone (PTH), vitamin D, and 

calcitonin, plays a crucial role in bone health. Disruptions in these systems can lead to 

osteoporosis, characterized by reduced bone density and increased fracture risk. PTH increases 

calcium release from bones, vitamin D enhances calcium absorption, and calcitonin helps lower 

blood calcium levels. Imbalances in these hormones contribute to bone loss. This article 

highlights the importance of calcium regulation in osteoporosis and discusses treatment 

strategies, including supplementation and medication. 
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МЕТАБОЛИЗМ КАЛЬЦИЯ И ОСТЕОПОРОЗ: РОЛЬ ЭНДОКРИННОЙ СИСТЕМЫ 

Аннотация. Метаболизм кальция, регулируемый паратиреоидным гормоном 

(ПТГ), витамином D и кальцитонином, играет решающую роль в здоровье костей. 

Нарушения в этих системах могут привести к остеопорозу, характеризующемуся 

снижением плотности костей и повышенным риском переломов. ПТГ увеличивает 

высвобождение кальция из костей, витамин D усиливает усвоение кальция, а 

кальцитонин помогает снизить уровень кальция в крови. Дисбаланс этих гормонов 

способствует потере костной массы. В этой статье подчеркивается важность 

регуляции кальция при остеопорозе и обсуждаются стратегии лечения, включая добавки 

и лекарства. 
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Introduction 

Calcium metabolism and its relationship with the endocrine system play a vital role in 

human health. Calcium, a crucial mineral in the body, is primarily stored in bones and teeth, but 

it also plays significant roles in cellular signaling, muscle contraction, blood clotting, and nerve 

function. This article will explore the relationship between calcium metabolism, the key 

endocrine components involved in its regulation (such as parathyroid hormone, vitamin D, and 
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calcitonin), and how disruptions in this system can contribute to the development of 

osteoporosis. 

Calcium Metabolism 

Calcium is essential for a variety of physiological processes, with the majority of calcium 

in the body being stored in bones and teeth. Bone serves as the primary reservoir for calcium, 

and its integrity is maintained by the regulation of calcium levels in the blood. The regulation of 

calcium metabolism is tightly controlled by three primary endocrine components: 

1. Parathyroid Hormone (PTH): Secreted by the parathyroid glands, PTH plays a crucial 

role in raising blood calcium levels by promoting calcium release from bones. 

2. Vitamin D: Synthesized in the skin upon exposure to sunlight, vitamin D enhances 

calcium absorption in the intestines and helps maintain calcium balance in the body. 

3. Calcitonin: Produced by the C cells of the thyroid gland, calcitonin lowers blood calcium 

levels by inhibiting the release of calcium from bones. 

These three components work together to maintain the delicate balance required for 

normal calcium homeostasis. Disruption of this balance can lead to various health problems, 

including bone disorders such as osteoporosis. 

Parathyroid Hormone (PTH) and Calcium Metabolism 

PTH is secreted when blood calcium levels are low. Its primary actions include 

stimulating the release of calcium from bone tissue, increasing calcium reabsorption in the 

kidneys, and enhancing the activation of vitamin D, which in turn increases calcium absorption 

in the intestines. However, an overproduction of PTH, known as hyperparathyroidism, can lead 

to elevated calcium levels in the blood (hypercalcemia). Chronic hypercalcemia, resulting from 

prolonged excessive PTH secretion, can cause significant bone loss, weaken bone density, and 

increase the risk of fractures. In this way, disrupted PTH regulation can contribute to the 

development of osteoporosis. 

Vitamin D and Calcium Metabolism 

Vitamin D plays a central role in calcium metabolism by increasing the absorption of 

calcium in the intestines. It also helps regulate bone mineralization and resorption. The active 

form of vitamin D, calcitriol, is produced in the kidneys and promotes the absorption of calcium 

from the digestive tract. Without sufficient vitamin D, calcium absorption is impaired, leading to 

lower calcium levels in the blood and weakened bones. Inadequate levels of vitamin D can 

contribute to conditions like osteomalacia (softening of the bones) and osteoporosis, as bones are 

less able to mineralize properly. Furthermore, vitamin D deficiency can also lead to secondary 

hyperparathyroidism, where the parathyroid glands secrete excessive PTH to compensate for low 

calcium levels, further exacerbating bone loss. 
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Calcitonin and Calcium Metabolism 

Calcitonin, although less significant than PTH and vitamin D in regulating calcium 

levels, plays an important role in calcium homeostasis by lowering blood calcium levels. It is 

secreted by the thyroid gland in response to high blood calcium levels and inhibits osteoclast 

activity in bone, reducing calcium release from bones. 

In cases of hypercalcemia, calcitonin helps prevent further bone resorption and assists in 

restoring normal calcium levels. However, its effects are generally considered secondary to the 

action of PTH and vitamin D. 

Osteoporosis and Calcium Metabolism 

Osteoporosis is a condition characterized by weakened bones that are more prone to 

fractures. It occurs when the balance between bone resorption (breakdown) and bone formation 

is disrupted, often due to low calcium levels or poor calcium utilization. Calcium metabolism 

plays a critical role in maintaining bone density, and disruptions in the regulation of calcium by 

hormones such as PTH, vitamin D, and calcitonin can lead to bone loss. 

Osteoporosis often results from a combination of factors that affect calcium homeostasis: 

 Excessive PTH secretion (hyperparathyroidism) can lead to the excessive breakdown of 

bone tissue, releasing calcium into the bloodstream and contributing to bone fragility. 

 Vitamin D deficiency reduces calcium absorption from the intestines, resulting in lower 

calcium levels, which in turn leads to bone resorption and diminished bone density. 

 Hormonal changes, such as a decrease in estrogen levels during menopause, can also 

contribute to osteoporosis, as estrogen helps protect against excessive bone resorption. 

Symptoms of Osteoporosis 

Osteoporosis may not present any noticeable symptoms until a bone fracture occurs.  

However, some common signs and complications include: 

 Fractures: Osteoporotic bones are more prone to fractures, even with minimal trauma.  

Vertebral fractures, hip fractures, and wrist fractures are particularly common. 

 Height loss: Over time, individuals with osteoporosis may experience a loss in height 

due to vertebral compression fractures. 

 Postural changes: Kyphosis (a rounded, stooped posture) can develop as a result of 

vertebral fractures. 

Diagnosis and Treatment 

The diagnosis of osteoporosis typically involves assessing bone mineral density (BMD) 

using dual-energy x-ray absorptiometry (DXA) scans. Blood tests to measure calcium, vitamin 

D, and PTH levels can help assess the underlying causes of osteoporosis and guide treatment. 
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Treatment of osteoporosis focuses on preventing bone loss, improving bone density, and 

reducing the risk of fractures. Common treatments include: 

 Calcium and vitamin D supplementation: To ensure adequate levels of calcium and 

vitamin D for bone health. 

 Bisphosphonates: Medications that inhibit bone resorption, thereby helping to preserve 

bone density. 

 Selective estrogen receptor modulators (SERMs): These drugs mimic the effects of 

estrogen on bones and are used in postmenopausal women. 

 Hormone replacement therapy (HRT): In some cases, HRT may be prescribed to 

postmenopausal women to help maintain bone density. 

 Lifestyle modifications: These include weight-bearing exercises, smoking cessation, and 

a balanced diet rich in calcium and vitamin D. 

Conclusion 

Calcium metabolism is tightly regulated by the endocrine system, with parathyroid 

hormone, vitamin D, and calcitonin playing key roles in maintaining calcium balance.  

Disruptions in this regulation can lead to bone disorders, including osteoporosis.  

Understanding the complex interactions between these hormones is crucial for diagnosing 

and treating osteoporosis effectively. Early intervention, appropriate supplementation, and 

lifestyle changes can help prevent bone loss and reduce the risk of fractures, significantly 

improving the quality of life for individuals with osteoporosis. 
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