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ABSTRACT: COPD is one of few diseases where mortality and morbidity is on rise. It is a complex 

disease characterized by the airway and systemic inflammation, chronic airflow limitation, 

progressive tissue destruction etc. Inflammatory response in COPD is characterized by the increase in 

number of macrophages, neutrophils & lymphocytes in airways and lung parenchyma. Airway 

inflammation further results in systemic inflammation and other COPD related manifestations. There 

is strong relationship between 25- hydroxyl Vitamin D and pulmonary functions as assesses by forced 

expiratory volume in one second (FEV1) and forced vital capacity (FVC). The patients of COPD are 

also known to have low serum levels of Vit D3 either as a cause or consequence of disease. But 

vitamin D supplementation in the patients of COPD is still in stage of controversy as some reports 

have shown beneficial and others reported no significant benefit. 
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INTRODUCTION: COPD is one of few diseases, where morbidity and mortality is on rise. Worldwide, 

COPD is a health problem with severe economical and social effects. It results in approximately 5% of 

total deaths worldwide, is the fifth leading cause of death in the world, and is expected to become 

third by year 2030.1 At the personal level, COPD constitutes a major cause of patient disability and of 

low quality of life for patients and their caregivers.(2,3) 

By definition COPD is a chronic and progressive reduction in airflow, secondary to an 

abnormal inflammatory response of the lungs to the inhalation of noxious particles or toxic gases. 

This inflammation produces alterations of varying severity in the bronchi (Chronic bronchitis), 

bronchioles (Obstructive bronchiolitis), lung parenchyma (Emphysema), or any combination of the 

above.4,5 

The inflammation and airflow reduction main components in pathophysiology of COPD The 

inflammation in COPD does not, significantly respond to steroids. The reduction in airflow in COPD 

has a significant irreversible component, secondary to structural changes in the airways,6,7 such as 

peribronchiolar fibrosis and increased collapsibility, resulting from the destruction of the lung tissue. 

These changes are triggered by a complex mechanism that initiates well before the first clinical and 

functional manifestations.8 Therefore, a better understanding of the mechanisms involved in the 

apparently complex etiopathogenesis of COPD will allow not only an earlier diagnosis but also the 

development of therapeutic agents that can favorably alter the course of the disease before the 

development of permanent structural changes. 

The factors Responsible for the Alterations Observed in COPD: 

1. Oxidative stress. 

2. Inflammation. 

3. Protease-antiprotease imbalance. 

4. Apoptosis.8 
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Airway inflammation and oxidative stress have been implicated in the pathogenesis of 

COPD. The inflammation in COPD shows high numbers of neutrophils, macrophages and T-

lymphocytes, especially of the CD8 positive T cell subset in broncho-alveolar lavage fluid.8,9 There is 

increased levels of circulating cytokines, including C reactive protein (CRP), tumor necrosis factor-

α(TNF- α), interleukin-8 (IL-8), interleukin-6 (IL-6), interleukin-1β (IL-1β), and adipokinase. IL-8 is a 

strong chemo-attractant of neutrophils; it also initiates degranulation, production of reactive oxygen 

species (ROS) and increased expression of cell adhesion molecule CD1b/CD18 (MAC-1).10 Cell 

adhesion molecules are major factors in recruitment, cumulating and site specific activation of 

inflammatory cells in the airways.11 TNF- α is an important inflammatory mediator produced by 

several kinds of cells, playing a role in activating the neutrophils and stimulating the release of IL-8. 

Its over-expression can lead to the chronicity of inflammatory response and the aggravation of lung 

injury. 

The production of reactive species ROS, RNS is an integral part of metabolism and is present 

under normal conditions, i.e. in the physiological processes involved in the energy production, 

regulation of cell growth, phagocytosis, intracellular signaling and synthesis of hormones and 

enzymes.12 

In order to offset this production and its potential negative effects, the body has an 

antioxidant system. In situations in which there is an imbalance between the pro-oxidant system and 

the antioxidant system, oxidative stress occurs.12 Oxidative stress plays an important role in the 

pathogenesis of COPD through direct injurious effects in lungs but also activates molecular 

mechanisms that initiate lung inflammation.13 Several studies show relationships between oxidative 

stress markers and the degree of airflow limitation in COPD. 

The concept of link between COPD, serum Vitamin D status is just around on decade old 

when in year 2005 Black et.al. during the data analysis of (Third national health and nutrition survey) 

NHANES III study, found that after the adjustment of potential co-founders including intake of 

supplements and outdoor activities, a strong relationship was between serum levels of vitamin D and 

lung function (FEV1 and FVC). Although no association between 25-OH Vitamin D concentrations and 

FEV1/ FVC ratio was found.7 

There are several factors that could account for the Vitamin D deficiency in COPD patients: 

poor diet, a reduces capacity of ageing skin for Vitamin D synthesis, reduced outdoor activity and 

therefor sun exposure, an increased catabolism by glucocorticoids, impaired activation because of 

renal dysfunction and lower storage capacity in muscles and fat due to wasting.14 

In COPD, lung destruction is mediated partly through inflammation, oxidative stress, and 

increased release of proteases, and many of these processes are modulated by vitamin D.15 Cellular 

studies reveals that vitamin D modulates the activity of various defence and immune cells including 

monocytes, macrophages, lymphocytes both B and T types, or epithelial cells.16 

Epithelial cells and macrophages express Vitamin D receptor(VDR) at high levels and 

possess the enzymatic machinery to produce 1,25-dihydroxyvitamin D3 locally in the lung 

(CYP27B1).17,18 Macrophages in particular respond to 1,25-dihydroxyvitamin D3 and thereby prevent 

excessive expression of inflammatory cytokines and chemokines. 

On the top of above all no direct proof exists that vitamin D deficiency or impaired vitamin 

D signaling is causally involved in the pathogenesis of COPD. Likewise, whether activation of the 

vitamin D pathway, by supplementation or other strategies, alters the disease course remains to be 

explored. 
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In human beings up to now, only one randomized controlled intervention study has 

investigated the effect of vitamin D supplementation on exacerbation risk.19 In this study done by 

Cavailles et al at University of Leuven, Belgium, 182 patients with moderate to very severe COPD 

were randomly assigned to receive either monthly doses of 100 000 IU cholecalciferol or placebo for 

1 year. 

The results were mean serum 25-(OH)D levels increased significantly in the vitamin D 

group compared with the placebo group(mean between-group difference, 30mg/mL [95% CI, 27 to 

33mg/mL]; P <0.001). The median time to first exacerbation did not significantly differ between the 

groups (hazard ratio, 1.1 [CI, 0.82 to 1.56]; P 0.41), nor did exacerbation rates, FEV1, hospitalization, 

quality of life, and death. However, a post hoc analysis in 30 participants with severe vitamin D 

deficiency (serum 25-[OH] D levels 10 mg/mL) at baseline showed a significant reduction in 

exacerbations in the vit. D group.(rate ratio, 0.57 [CI, 0.33 to0.98]; P=0.042). The study found a 

relative improvement of monocyte phagocytosis capacity in patients who were supplemented, 

especially in the deficient subgroup. Because of low sample size, limited follow up and the specific 

setting of severe disease under maximum treatment, the trial was not able to refute the potential of 

long-term vitamin D intervention for the reduction of exacerbations or lung function decline in 

patient cohort with mild disease. 

To add on COPD has many comorbidities including coronary heart disease, heart failure and 

lung cancer, for them smoking is a common risk factor. Other comorbidities such as pulmonary artery 

disease and malnutrition are directly caused by COPD, whereas many like systemic venous 

thromboembolism, anxiety, depression, osteoporosis, obesity, metabolic syndrome, diabetes, sleep 

disturbance and anaemia, have no evident physiopathological relationship with COPD. The common 

ground between most of these extrapulmonary manifestations is chronic systemic inflammation.20 

Out of these co morbidities lets discuss osteoporosis. Along with osteoporosis COPD also 

occurs in age groups of 40 or more. The respiratory complications of osteoporosis are even more 

marked in COPD because they exacerbate the physical inactivity and increase the risk of vertebral 

fractures, with total lung capacity becoming progressively reduced. 

Epidemiological studies show that the prevalence of osteoporosis in COPD patients is 

increased. GRAAT-VERBBOM et al.21 Conducted a systematic review of 13 cross-sectional studies 

published between1998 and 2008, including a total of 775 COPD patients. The analytical methods 

and definitions of osteoporosis varied between the studies. According to the World Health 

Organization definition and based on bone densitometry, the prevalence of osteoporosis ranged from 

24% to 69%. The COPD patients with osteoporosis had significantly lower FEV1 and BMI values than 

those without osteoporosis. There is a negative correlation between osteoporosis and FEV1 values. 

Some therapeutic trials include a placebo arm to take into account the natural course; the duration of 

these trials was nevertheless limited to a few years. 

MINEO et al.22 evaluated the bone density of 40 patients before and 1 year after lung volume 

reduction surgery for emphysema. It suggested that this surgery improved bone density, despite oral 

steroid therapy, which was maintained after surgery in over half of the patients. 

In the Evaluation of Obstructive Lung Disease and Osteoporosis (EOLO) study, the prevalence 

of vertebral fractures in an ambulatory COPD population was 41%, and correlated with COPD 

severity.23 
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At the Cellular Level, Bone Remodeling is regulated by three Effectors:  

1. The osteoblasts that form the bonematrix, which is subsequently calcified;  

2. The osteoclasts that resorb bone; and  

3. The osteocytes that coordinate bone remodeling. 
 

The known shared risk factors for COPD and osteoporosis are Smoking and systemic 

inflammation affect RANK/RANKL binding, and vitamin D deficiency stimulates parathormone 

secretion and affects osteoclast maturation through its effect on RANK/RANKL. Recent data show 

that inflammatory cytokines can also target Wnt. Vitamin D can also improve the expression of the 

osteoprotegerin/RANKL complex, reducing osteoclast formation. 

Oral steroid therapy affects bone homeostasis through increased expression of RANKL, 

decreased osteoprotegerin and suppression of osteoclast apoptosis. The hypogonadism present in 

COPD also plays a part in the development of osteoporosis: the drop in oestrogen levels inhibits the 

action of the osteoprotegerin/RANKL complex. 

Although an association between smoking and osteoporosis has been established, the studies 

do not report lung function values.24 the lower levels of physical activity commonly found in COPD 

patients have a negative effect on bone metabolism, a phenomenon that has been clearly 

demonstrated in post-menopausal females. A negative impact of vitamin D deficiency on bone 

homeostasis has been suggested: its frequency increases with COPD stage, reaching 77% for the very 

severe stage according to JANSSENS et al.25 More generally, malnutrition has a negative impact and is 

another common finding in COPD. 

Pro-inflammatory cytokines, such as IL-1b, IL-6 and TNF-a, may promote bone resorption. 

The harmful effect of oral steroid therapy on bone metabolism has long been established, and recent 

studies of the underlying mechanism have highlighted the impact of oral steroid therapy on both 

bone resorption and impaired bone formation. 

Calcium and vitamin D supplementation have proven effective in reducing fracture risk, the 

effect being dose-dependent for vitamin D and only when combined with calcium.26 Several recent 

studies on vitamin D have found it to improve muscle function and postural stability, and to have 

immunomodulatory effects. A daily dose of 800 IU of vitamin D combined with calcium 

supplementation is recommended for patients with a T-score of,-1 and three minor risk factors (BMI, 

21 kg/m2, active smoking, chronic alcohol abuse, age. 65 years, hip fracture, rib fracture, menopause, 

sedentary lifestyle andFEV1, 50% predicted) or one major risk factor (Systemic corticosteroid 

therapy for >3 months per year, previous vertebral compression fracture). Bisphosphonate therapy 

has not been specifically evaluated for osteoporosis in COPD patients, although research by SMITH         

et al.27 suggests it has a beneficial effect on the T-scores of patients with airways disease.  

The usefulness in COPD of new treatments such as teriparatide remains to be defined, 

whereas its role in the treatment of glucocorticoid-induced osteoporosisis now well established.28 

From these evidences it is clear that serum Vitamin D levels in COPD patient are generally low 

either due to its pathogenesis or secondary outcome of disease. In Indian clinical scenario >90% 

patients are found to have serum vitamin D 3 levels <30pg/ml, although it does not correlates with 

severity of disease. 

In the opinion of authors in the best interest of patients attempt should be made to keep 

serum vitamin D 3 to sufficient levels either with diet or drug. It may not improve lung functions in 

COPD patients but it will certainly manage osteoporosis/ osteopenia and reduce the risk of bone 

fractures in them. 
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