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Osteoporosis (OP) is a systemic condition that can be induced by chronic ob-
structive pulmonary disease (COPD), further exacerbating the condition in
COPD patients, impacting prognosis and quality of life, and increasing the risk
of potential mortality. Early symptoms of OP are not evident, leading to poten-
tial treatment oversight. Early diagnosis of OP in COPD patients holds crucial
clinical significance. This article summarizes the risk factors and treatment pro-
gress of COPD patients with concomitant OP. The risk factors for COPD pa-
tients with concomitant OP mainly include smoking, inflammatory response,
age, medication effects, vitamin D deficiency, gender, lack of exercise, hypox-
emia, body mass index, hormone levels, oxidative stress, and others. Currently,
the basic treatment principle for COPD combined with OP is to manage both
conditions simultaneously, integrating OP treatment into the COPD treatment
plan. Commonly used anti-OP medications are categorized into those promot-

ing bone formation, mineralization, and inhibiting bone resorption. Traditional
Chinese medicine has also shown considerable efficacy in the treatment of
COPD combined with OP.
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The fundamental characteristics of chronic obstructive pulmonary disease (COPD) are chronic respiratory symptoms
and airflow limitation, with airway and/or alveolar abnormalities being its main pathological changes. Typical symp-
toms of COPD include dyspnea, cough, and sputum production. Prolonged exposure to environmental particles or
gases is currently recognized as the primary cause of COPD development[1, 2]. According to surveys [3-5], COPD
is the leading respiratory disease with the highest mortality rate in China and ranks among the top four global causes
of death, indicating a serious public health concern. Beyond evident respiratory symptoms, COPD may also give rise
to systemic manifestations such as anxiety, depression, chronic anemia, and osteoporosis (OP), further exacerbating
the patient's condition and impacting prognosis and quality of life. Individuals with more severe and numerous comor-
bidities face an increased potential risk of mortality [6]. OP is a metabolic disorder characterized by decreased bone
mass and structural deterioration, leading to increased bone fragility and fracture risk [7]. Reports suggest that OP is
a common extrapulmonary manifestation of COPD, with a prevalence ranging from 9% to 69% in COPD patients.
The risk of developing OP is significantly higher in individuals with COPD compared to the general population [8,
9]. Incomplete statistics indicate that over 200 million people aged 50 and above in China have low bone mass [10].
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The latest COPD management guidelines further emphasize that the occurrence of OP complicates COPD treatment,
and as OP progresses, it may contribute to a deterioration in the patient's overall health [11, 12]. A meta-analysis of
OP prevalence in Chinese COPD patients suggests that gender, age, region, and lung function are influencing factors
[13].

Currently, clinical attention for COPD patients is primarily focused on respiratory and cardiovascular complica-
tions, with limited awareness of their bone status. This lack of awareness results in many OP patients missing the
optimal treatment window. The coexistence of OP further increases the burden on COPD patients, elevating the risk
of disability. Since early-stage OP symptoms are often subtle and overlooked by patients, timely diagnosis and inter-
vention for COPD with concurrent OP hold significant clinical significance. This article summarizes the research
progress on risk factors and treatment strategies for COPD patients with OP coexistence.

1. Impact Factors of COPD Patients with Osteoporosis (OP) Coexistence

COPD and OP share numerous risk factors and mutually influence each other. COPD-induced decline in lung function,
systemic inflammatory response, vitamin D deficiency, and the use of glucocorticoid therapy exacerbate bone loss in
patients, increasing the risk of fragile bone fractures. Conversely, fractures caused by OP worsen pulmonary deterio-
ration, leading to acute exacerbations of COPD, creating a vicious cycle that significantly affects patient prognosis.
Therefore, investigating the influencing factors of COPD patients developing OP is beneficial for early intervention
and effective prevention of OP.

1.1 Smoking

COPD is a chronic progressive pulmonary condition associated with smoking behavior, where acetylcholine receptor
activation and inflammatory reactions induced by smoking constitute the pathological basis of COPD [14]. Numerous
studies confirm that smoking is a major risk factor for the occurrence and progression of COPD. Subsequently, a
close association between smoking and the onset of OP has also been discovered. Prolonged smoking increases the
number of osteoclasts, inhibits osteoblast activity, enhances bone resorption, and reduces the mechanical performance
of bones [15]. Nicotine in cigarettes enhances osteoclast bone resorption, leading to decreased bone mass and density.
Nicotine and its metabolites inhibit estrogen production, increase estrogen metabolism, and contribute to OP. Exper-
imental results with mice exposed to cigarette smoke demonstrate a decrease in osteoblast differentiation and an
increase in osteoclast activity [16]. In vitro experiments also suggest that cigarette smoke extract inhibits osteoblast
differentiation by increasing intracellular reactive oxygen species, disrupts the balance of bone metabolism by sup-
pressing osteoclast mitochondrial apoptosis, and ultimately results in decreased bone density [17-19]. Smoking di-
rectly regulates bone metabolism through the nuclear factor-xB receptor activator (RANK)-RANK ligand (RANKL)-
Osteoprotectin (OPG) system and indirectly reduces bone density by modulating hormone levels.

1.2 Inflammatory Response

Inflammation is a crucial factor in the persistent and progressive exacerbation of COPD, as well as a significant
pathological factor in the progression of OP in COPD patients. Inflammatory cytokines such as tumor necrosis factor-
o (TNF-a), interleukin-6 (IL-6), IL-8, IL-11, IL-17, and IL-1f induce overexpression of osteoclasts and activate bone
resorption pathways, disrupting patient bone structure. These inflammatory factors not only increase osteoclast ac-
tivity and enhance bone resorption but also directly inhibit bone formation. The primary effects of interferon-y (IFN-
v), IL-4, and transforming growth factor-p (TGF-f) involve suppressing osteoclast activity [20]. Studies indicate that
elevated systemic TNF-a levels are associated with enhanced osteoclast resorption behavior, possibly through dam-
aging the renal vascular-basement membrane barrier, leading to abnormal calcium absorption and metabolism in
renal tubules, ultimately resulting in decreased bone density and OP [21]. The Wnt/B-catenin signaling pathway is
crucial for mediating bone development, and TNF-q, as a key inducer of Wnt antagonism, inhibits osteoblast differ-
entiation.

1.3 Age

Advanced age is a common risk factor for the onset of both COPD and OP. As individuals age, metabolism slows
down, hormonal levels decrease, leading to an imbalance in bone rebuilding, loss of bone mass, and eventual devel-
opment of OP. This phenomenon becomes more prevalent with increasing age. Most people reach peak bone mass
around the ages of 30 to 35, and bone mass gradually decreases with age. The specific timing of peak bone mass and
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the rate of decrease depend on individual factors such as nutritional status, dietary structure, hormone levels, calcium
intake, and cultural background. Age-related decline in chewing function and reduced absorption capacity affect the
absorption of nutrients from food, contributing to lower bone density. Additionally, as COPD patients age, declining
lung function, worsening hypoxia, and increased inflammatory responses contribute to bone disorders [22]. Previous
studies have shown a significant decrease in bone density in elderly populations compared to younger individuals.
However, some studies, including the research by He Yuehui [23], suggest that the correlation between age and low
bone density is not significant. Nevertheless, the majority of studies currently consider age an independent risk factor
for reduced bone density in postmenopausal women.

1.4 Medication Effects

Glucocorticoids are commonly used in the treatment of COPD patients and are a frequent cause of secondary OP. OP
induced by glucocorticoids is the most common type. Prolonged use of glucocorticoids inhibits the proliferation and
differentiation of osteoblasts through the regulation of insulin-like growth factor I (IGF-I) and the Wnt signaling
pathway. Glucocorticoids induce apoptosis in osteoblasts by activating Caspase-3, inhibiting bone formation, and
reducing bone density. Additionally, glucocorticoids decrease IGF-I transcription, reduce type I collagen synthesis,
increase osteoblast apoptosis, inhibit bone formation protein-2 (BMP-2), and increase the expression of RANKL
while inhibiting OPG [24].

1.5 Vitamin D Deficiency

Vitamin D deficiency is common in COPD patients. The weakening of lung function and decreased immunity due to
vitamin D deficiency are contributing factors to the worsening of COPD symptoms. In COPD patients, vitamin D
deficiency may result from reduced food intake, decreased synthesis ability, reduced outdoor activities and sunlight
exposure due to declining lung function, and decreased kidney function. 25-(OH)D is the main form of vitamin D in
the body and mediates neutralization of inflammatory mediators. When vitamin D is deficient, this effect weakens,
leading to compromised immune function, prolonged inflammation, worsened lung function, and increased incidence
of OP [24]. The biologically active form of vitamin D, 1,25-(OH)2D3, is directly related to bone density. When
vitamin D is deficient, the synthesis of 1,25-(OH)2D3 decreases, compensatory secretion of parathyroid hormone
(PTH) increases, accelerating bone turnover and loss [25].

1.6 Gender

The onset of OP is closely related to estrogen levels. Postmenopausal women experience a significant decline in
ovarian function, leading to reduced secretion of sex hormones, especially a marked decrease in estrogen levels. This
increase in osteoclast activity causes bone loss, and as a result, bone mass decreases more rapidly in middle-aged and
elderly women compared to men of the same age group. Middle-aged and elderly women have consistently been the
main demographic affected by osteoporosis, with the incidence increasing from the age of 50. More than half of
women aged 65 and above are affected by this condition [26, 27]. Studies have shown that the prevalence of osteo-
porosis in middle-aged and elderly people over 40 is around 38.2%, with significantly higher rates in women [28].
Research in Chengdu, for instance, indicates that the prevalence of osteoporosis in women aged 50 and above is
between 18% and 60%, with the risk increasing after menopause [29]. Additionally, studies have shown that the
incidence of osteoporosis in Chinese women over 60 is approximately double that of men [30]. Previous research
consistently suggests that women, particularly middle-aged and elderly women, are at a higher risk of developing
osteoporosis, emphasizing the need for enhanced management in this population.

1.7 Lack of Exercise

Reduced daily activities and limited outdoor activities due to COPD-related limitations contribute to a decline in
daily living abilities, constituting a controllable risk factor. Adequate and reasonable exercise enhances calcium ab-
sorption in the body, positively affecting bone density and preventing or delaying the occurrence of reduced bone
density. Exercise can increase bone density by altering trabecular bone structure, increasing cortical thickness, stim-
ulating osteoblast vitality through muscle contraction, regulating endocrine and blood circulation, improving body
coordination, flexibility, and reducing the risk of fractures. Studies have shown that moderate exercise can promote
intestinal absorption, increase calcium ion absorption rates, facilitate calcium ion transport to osteoclasts, and pro-
mote osteoblast formation [31]. Therefore, consistent and regular exercise is beneficial for improving lung function
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and preventing osteoporosis.
1.8 Hypoxemia (Low Oxygen Levels)

Hypoxemia refers to insufficient oxygen content in the blood, which is common in COPD patients, often associated
with chronic and long-term hypoxemia. Prolonged exposure to this condition can lead to reduced calcium absorption
in the gastrointestinal tract, and impaired kidney function affecting collagen and 1,25-(OH)2-D3 synthesis, thus im-
pacting bone healing and formation. Research suggests that low oxygen levels, by influencing bone metabolism,
accelerate bone loss and contribute to the progression of osteoporosis [32]. Therefore, actively correcting hypoxia
and implementing home oxygen therapy are effective methods for preventing osteoporosis in COPD patients.

1.9 Body Mass Index (BMI)

Studies have found that BMI has age-specific effects on bone density [33]. Low BMI is an independent factor con-
tributing to fractures, with a negative correlation between BMI values and the incidence of osteoporotic fractures.
This is possible because individuals with normal or higher BMI levels have lower levels of sex hormone-binding
globulin and higher levels of free hormones, maintaining relatively higher bone mass [34]. However, it is essential to
note that excessively high BMI values do not provide significant protection against osteoporosis [35]. Randomized
studies by Song and colleagues indicate that BMI affects bone density regardless of gender. Higher BMI can increase
overall bone density, with positive correlations between BMI values and lumbar and heel bone density. However, the
impact on femoral neck or forearm bone density is less significant [36].

1.10 Hormone Levels

In postmenopausal women, the endocrine axis undergoes significant changes, leading to substantial variations in
hormone levels. Estrogen, which plays a crucial role in regulating bone metabolism, inhibits osteoclast activity and
promotes bone absorption. Therefore, a sudden drop in estrogen levels disrupts various bone metabolic activities,
leading to massive calcium loss and decreased bone density [37]. Additionally, PTH affects bone metabolism, with
increased PTH levels indicating elevated osteoclast activity, faster bone loss, and contributing to the independent risk
factors for decreased bone density in women [38].

1.11 Oxidative Stress

Oxidative stress reactions induced by COPD inhibit osteoblast differentiation, induce apoptosis, and promote bone
resorption. Superoxide produced by osteoclasts directly participates in the bone resorption process, leading to bone
tissue degradation and decreased bone density [39]. Reactive oxygen species stimulate the differentiation of osteo-
clast precursors into mature osteoclasts, intensifying the bone resorption process. Simultaneously, they degrade type
I collagen, causing cartilage degradation and promoting the occurrence of osteoporosis.

1.12 Other Factors

Income level is an important indicator of individual economic capacity and quality of life. Higher-income levels
generally lead to more comprehensive nutrient intake and the ability to afford advanced and comprehensive medical
services.

Educational level and cognitive level are also factors influencing the incidence of osteoporosis in COPD patients.
Inadequate disease awareness, lack of understanding of precautions, and insufficient concern about osteoporosis con-
tribute to the occurrence of COPD-associated osteoporosis. Therefore, improving the population's educational level
facilitates targeted health education, enhances awareness of self-health and diseases, and encourages greater attention
to individual health.

Milk is rich in protein and calcium, and its consumption can help replenish calcium loss due to various reasons,
contributing to the formation of peak bone mass.

Studies on COPD subtypes have shown that patients with emphysema, a subtype of COPD, have a higher incidence
of osteoporosis [40].

Reduced bone density is associated with hyperthyroidism (overactive thyroid). For patients with COPD and hy-
perthyroidism, bone remodeling cycles shorten, directly leading to increased bone loss. However, the relationship
between thyroid function and bone mineralization is still inconclusive. Therefore, for COPD patients with hyperthy-
roidism, attention should be paid to their bone density [41].
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COPD patients living in northern or high-altitude regions have a significantly higher incidence of osteoporosis.
This could be attributed to lower oxygen levels in these areas, leading to increased expression of hypoxia-inducible
factor-1a (HIF-1a), activation of the Janus kinase 2/signal transducer and activator of transcription 3 (JAK2/STAT3)
pathway, promoting osteoclast-mediated bone resorption [42]. Under low-oxygen conditions, RANKL-induced apop-
tosis of osteoclasts is inhibited, providing protection to osteoclasts [43].

2. COPD Patients with Osteoporosis (OP): Treatment Advances

The fundamental treatment concept for COPD patients with coexisting osteoporosis (OP) is comprehensive manage-
ment of both conditions. This involves incorporating an osteoporosis treatment plan alongside the COPD manage-
ment strategy. Commonly used anti-osteoporosis medications can be broadly categorized into those that promote
bone formation, enhance bone mineralization, and inhibit bone resorption. Due to the mutual influence of COPD and
OP, which can exacerbate each other and lead to prolonged and worsening conditions, it is recommended in clinical
practice to conduct bone density screening in the early stages of COPD, intervene promptly, reduce the incidence of
OP, and comprehensively improve clinical symptoms in patients to delay disease progression.

2.1 Traditional Chinese Medicine (TCM) Treatment Advances for COPD with OP

COPD, as a systemic disease characterized by recurrent and persistent attacks, can lead to prolonged coughing and
wheezing in patients. Over time, this can result in deficiency of vital energy and blood biochemistry, lung depletion,
impaired lung nourishment, severe lung deficiency, poor appetite, long-term damage, abnormal regulation of essence
and vital energy, bone marrow malnourishment, and subsequently, OP [44]. The core link in COPD patients with
coexisting OP is deficiency and weakness of the lung, spleen, and kidney. Therefore, treatment should focus on nour-
ishing the lungs and kidneys, strengthening the spleen, and simultaneously promoting blood circulation and removing
blood stasis. Previous studies have shown that Roudantang, a herbal decoction that promotes blood circulation and
strengthens bones, warms the kidney and invigorates the spleen, can improve lung function, increase bone density,
and reduce inflammation in COPD patients with coexisting OP [45]. Bosukang granules, which have the effects of
tonifying the kidney, benefiting vital energy, promoting blood circulation, and strengthening bones, can enhance ex-
ercise endurance and bone density in COPD patients with kidney deficiency, improving lung function and reducing
the frequency of acute exacerbations [46]. Studies have also suggested that supplementing the lung and kidney can
significantly alleviate pain in COPD patients with coexisting OP by improving blood calcium levels and increasing
bone density [47]. Research by Baochen Tao and colleagues indicated that the method of supplementing the kidney
and invigorating the spleen is more effective in treating COPD with coexisting OP than simply supplementing the
kidney. In addition to nourishing the lung, kidney, and spleen, the use of blood-activating and stasis-resolving drugs
improves blood circulation and hemodynamics, indirectly treating OP [48].

2.2 Western Medicine Treatment Advances for COPD with OP

Current research has found that improving bone metabolism in COPD patients with coexisting OP is beneficial for
alleviating clinical symptoms and preserving lung function. The treatment of osteoporosis has undergone transitions,
including hormone replacement therapy, calcitonin therapy, bisphosphonate therapy, selective estrogen receptor mod-
ulator therapy, parathyroid hormone analogs, and RANKL inhibitors [49]. A large-sample study showed that the
mentioned anti-osteoporosis drugs significantly reduce the incidence of osteoporotic fractures. However, the efficacy
of ibandronate sodium and selective estrogen receptor modulators was relatively low [50]. Chinese guidelines [51,
52] recommend broad-spectrum anti-fracture drugs, such as alendronate sodium, zoledronic acid, and risedronate
sodium, as first-line treatments for patients meeting the indications for anti-osteoporosis drugs. These drugs mainly
act as bone resorption inhibitors, followed by bone formation promoters. For patients at high risk of fractures,
zoledronic acid, teriparatide, or denosumab is recommended. Calcium-sensing receptor agonists, strontium ranelate,
and vitamin K are generally not preferred for high-risk populations due to their significant side effects or limited
efficacy in reducing fracture risk. The duration of use for calcium-sensing receptor agonists in severe pain associated
with elderly osteoporosis is generally not more than three months.

Bisphosphonates, a class of drugs that includes alendronate, zoledronic acid, and risedronate, reduce bone resorp-
tion by tightly binding to the calcified bone matrix, reducing the number and activity of osteoclasts. Although bisphos-
phonates are commonly used, they are primarily metabolized by the kidneys, potentially exacerbating renal burden
and affecting renal function. Therefore, close monitoring of renal function is required during bisphosphonate treat-
ment, and appropriate dosage adjustments or discontinuation may be necessary for patients with existing renal
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impairment [53-55].

In recent years, research has revealed that the RANK-RANKL-OPG system plays a vital role in osteoclastogenesis,
serving as a crucial signaling pathway for bone resorption. By blocking the RANKL/RANK pathway, new approaches
to treating osteoporosis and other bone-destructive diseases are being explored. Drugs that mimic the function or
enhance the expression of OPG are currently a clinical focus [56, 57].

Denosumab, an anti-RANKL monoclonal antibody, directly inhibits osteoclast generation and activity by blocking
the RANKL-RANK interaction. This mitigates the bone destruction process, increases bone density, and improves
bone quality [58]. Although denosumab injections are not commonly used for osteoporosis treatment, they are the
preferred choice for patients with impaired kidney function, addressing a clinical gap in treating patients with renal
impairment.

Glucocorticoids are commonly used in COPD treatment, reducing the risk of acute exacerbations and maintaining
disease stability. However, long-term or systemic use of glucocorticoids for COPD significantly increases the risk of
osteoporosis. Therefore, it is advisable to avoid large doses of glucocorticoids during acute COPD exacerbations,
minimizing long-term usage. Research by Zeng Yuling and others compared the effects of the glucocorticoids
budesonide, methylprednisolone, and the non-hormonal drug tiotropium bromide on bone metabolism in COPD pa-
tients with coexisting OP. It was found that, in the short term, all three drugs had good efficacy. However, compared
to intravenous methylprednisolone, inhaled budesonide and tiotropium bromide had less impact on bone metabolism
and fewer adverse reactions [59].

Additionally, research suggests that for elderly osteoporotic patients, supplementing an adequate amount of cal-
cium is a necessary condition to balance calcium metabolism. To achieve better absorption, simultaneous supplemen-
tation of calcium and vitamin D is recommended [60].

2.3 Other Approaches

In addition to using specific medications for basic intervention, the treatment of COPD with coexisting OP empha-
sizes comprehensive improvement. This includes adjusting lifestyle and dietary habits, increasing the intake of high-
calcium, high-protein, and high-vitamin foods; getting sufficient sunlight exposure to facilitate calcium absorption;
engaging in moderate exercise such as walking, Tai Chi, jogging, etc., to enhance physical activity, increase bone
density, and progressively improve strength; avoiding smoking and excessive alcohol consumption, minimizing the
frequency of coffee and carbonated beverage consumption to avoid negatively affecting bone metabolism [61].

3. Conclusion and Prospects

COPD often manifests with recurrent episodes and acute exacerbations, particularly affecting the elderly. Recent
research has highlighted the close correlation between COPD and OP, with bone density gradually decreasing as
COPD worsens. The symptoms caused by OP further intensify the suffering, psychological impact, and economic
burden on patients. Current studies indicate that COPD and OP share many common risk factors, including smoking,
systemic inflammation, medication effects, gender, and age. Screening for these risk factors and conducting in-depth
assessments of those at high risk for combined OP can enable early intervention.

Despite continuous updates in the treatment approach for COPD with coexisting OP, inadequate attention from
some clinical practitioners has resulted in incomplete treatment and limited coverage of health education. This has
led to some patients missing the optimal treatment window, significantly affecting their prognosis. Therefore, it is
essential for clinicians to enhance their understanding of COPD and OP comorbidity, standardize comprehensive
treatment, and aim to maximize the benefits for patients.
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