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Abstract

Chronic obstructive pulmonary disease (COPD) is a progressive lung disorder characterized
by persistent airflow limitation and chronic respiratory symptoms. COPD is the second leading
cause of death in India and the third leading cause of death worldwide. Osteoporosis, a
significant and often overlooked comorbidity of COPD, presents a major challenge. The
disease itself, combined with multiple risk factors, including the use of inhaled
corticosteroids—a cornerstone of COPD treatment—contributes to a decline in bone mineral
density (BMD). This cross-sectional study investigates the prevalence of osteopenia and
osteoporosis among COPD patients at a tertiary care center in South India, with a particular
focus on the impact of inhaled and systemic corticosteroids on BMD and other associated risk
factors. One hundred COPD patients were assessed for their BMD. Our findings reveal a
strikingly high prevalence (88%) of reduced BMD among COPD patients, with 69% diagnosed
with osteoporosis and 19% with osteopenia. Most COPD patients are middle-aged smokers
and frequently use steroid-containing inhalers, which contribute to decreased BMD and an
increased risk of fractures.

The study highlights a significant association between osteoporosis and factors such as
smoking history, COPD severity (GOLD classification), and cumulative steroid exposure.
These results highlight the urgent need for proactive, regular screening and early intervention

to assess bone health in COPD care.

Key words: chronic obstructive pulmonary disease, bone mineral density, osteoporosis,
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is the most common and prevalent
respiratory condition, characterized by persistent airflow limitation and chronic airway
inflammation [1]. COPD has a prevalence rate ranging from 6-9% (approximately 8%, in India
and contributes to over 9.5% of all the deaths, ranking as the second leading cause of mortality
and disability-adjusted life years (DALYs) according to the Global Burden of Disease (GBD)
report [2,3]. COPD is also observed to be one of the top three causes of death worldwide [4].
COPD is frequently associated with a range of comorbidities, including cardiovascular
conditions such as ischemic heart disease, heart failure, arrhythmias, and hypertension, as well
as systemic manifestations like osteoporosis, muscle wasting, cachexia, anemia, polycythemia,
and metabolic syndrome. Among these, osteoporosis stands out as one of the most common,
debilitating, yet often underdiagnosed comorbidities. Our study specifically focuses on this
condition. Notably, osteopenia represents the preclinical stage of osteoporosis [4].

The World Health Organization (WHO) defines osteoporosis as a condition characterized by
low bone mass and microarchitectural deterioration, resulting in increased fracture risk [5].
Osteoporosis in COPD patients is higher due to multiple factors, such as age, smoking,
inflammatory cytokine production, vitamin D deficiency, physical inactivity, and the use of
steroids, with a high prevalence of 36% to 60% as reported across the globe, whereas the
prevalence of osteopenia is 35% to 72% [6].

Osteoporosis can be measured using Quantitative Ultrasound (QUS), a portable, non-invasive,
and affordable option that allows radiation-free assessment of bone status [6]. In this study, we
evaluated the prevalence of osteopenia and osteoporosis in patients with COPD using an
ultrasonic bone densitometer (a type of QUS) and assessed the correlation between various
risk factors for osteopenia and osteoporosis in COPD, including Body Mass Index (BMI), Age,

Smoking, and Steroid use.

Materials and Methods

A cross-sectional study was conducted over 2 years in the Department of Respiratory Medicine
at Malla Reddy Institute of Medical Sciences, Hyderabad. One hundred patients with COPD
were recruited using a consecutive sampling method from both outpatient and inpatient
services following confirmatory diagnosis of COPD by Spirometry using the RMS Helios 401
model in accordance with the American Thoracic Society (ATS) guidelines and Global

Initiative for Obstructive Lung Disease (GOLD) guidelines 2023 [7].



COPD patients were grouped into A, B, and E categories based on their COPD assessment test
(CAT) score, mMMRC (Modified British Medical Research Council) dyspnoea grade, and history
of exacerbations and hospitalizations, as per the GOLD guidelines 2023 [7].

The details on the inhaled and systemic steroids used by the COPD patients (cumulative dose
of systemic steroids - prednisolone equivalent) in the last 3 years were noted. Bone mineral
density (BMD) was assessed in COPD patients using an ultrasound bone densitometer (Sunlight
Mini Omni), targeting the left calcaneus (heel bone). The T-score, calculated by the system
software, compares a patient's BMD with the mean BMDs of healthy young adults of the same
sex, using a single reference population.

We excluded patients who had conditions that could independently affect BMD or require
long-term systemic steroid treatment. This included pregnant women, individuals with chronic
systemic illnesses causing prolonged immobilization, unstable COPD patients, those with
connective tissue disorders, endocrine disorders affecting calcium metabolism, and individuals
already receiving treatment for osteoporosis.

According to WHO criteria, a T-score within +1 standard deviation (SD) of the young adult
mean (-1 to +1) is considered normal. A T-score between —1 and —2.5 indicates osteopenia,
while a score below —2.5 SD signifies osteoporosis [5,6]. The objective was to assess BMD
and its association with risk factors among COPD patients. In addition to measuring BMD, our
study examined the correlation between BMD and various risk factors for bone loss in COPD

patients.

Statistical analysis

All analyses were performed using IBM SPSS Statistics Version 31.0 (SPSS Inc., USA) and
Microsoft Excel 365. Descriptive statistics were computed for quantitative variables, while
proportions and ratios were calculated for qualitative data. Associations between categorical
variables were evaluated using the chi-square test. Correlation coefficients were calculated to
examine relationships between quantitative variables. A p-value <0.05 was considered

statistically significant.

Results
A total of 100 individuals were enrolled in the study. There were 65 male patients (65.0%) and
35 female patients (35.0%). The age of the study participants ranged from 43 to 86 years. The

mean age of the male patients was 64.9 + 11.04 years, and that of the female patients was



65.1 £ 10.35 years. The average duration of COPD in our study population was 6.7+3.3 years.
A total of 69 patients (69.0%) had osteoporosis, 19 patients (19.0%) had osteopenia, and the
remaining 12 patients (12.0%) had normal bone densitometry. Osteoporosis was observed in
68% of patients aged over 55 years. However, as this age group accounted for most of our
study population (78 patients), the significance of this high prevalence is inconclusive for
determining an independent age-related risk. Eight patients had complications like congestive
cardiac failure, respiratory failure requiring intubation, and mechanical ventilation. The gender
distribution of study participants by BMD is shown in Table 1.

In our study, the majority of patients with osteoporosis were classified under GOLD Groups B
and E of COPD (69%). Conversely, patients in GOLD Group A had a lower prevalence of
osteopenia, with no cases of osteoporosis. It was observed that with the increasing severity of
COPD, the risk of osteoporosis also increased. The association between COPD GOLD groups
and BMD was observed to be statistically significant (p<0.05) (Table 2). Various risk factors
that lead to osteoporosis in COPD, apart from the disease process itself, such as BMI, smoking,
number of exacerbations, and the use of inhaled and oral corticosteroids, were analyzed.
BMI did not show any significant correlation with the BMD in our study. It was observed that
patients with normal (18.5 to 24.9 kg/m*) and low BMI (<18.5 kg/m?) had a higher prevalence
of osteoporosis (n=30 and n=23, respectively) as compared to overweight (BMI: 25-29.9 kg/m?)
and obese (>30kg/m*) individuals. Obese individuals showed reduced risk of developing
osteoporosis (n=5). In our study, smoking was the predominant risk factor among the male
cohort (n=65), with 60 of the men being smokers. In contrast, most female patients (n=35)
reported a history of biomass fuel exposure, which is a likely cause of COPD in this group.
Osteoporosis was observed in 23 of the 35 female patients (65.7%). Among males, 45 of 60
smokers had osteoporosis, a difference that was statistically significant (p < 0.05). A strong
correlation was observed between heavy smoking and osteoporosis in our patient cohort. Of
the n=60 smokers, 44 individuals had a smoking history of >20 pack-years. Within this high-
exposure group, 36 patients developed osteoporosis. In contrast, among the 16 patients with
smoking history (<20 pack-years), only 9 developed osteoporosis (Figure 1).

The effect of COPD exacerbation severity on BMD was also calculated. Among 41 patients
with severe exacerbation, 34 had osteoporosis. Among 46 patients with moderate
exacerbation, 30 had osteoporosis; the prevalence of osteoporosis was lower in patients with

mild and no exacerbations.



COPD management typically involves bronchodilators (long-acting beta 2 agonists and long-
acting muscarinic antagonists) and inhaled corticosteroids (ICS) based on COPD groups, with
oral corticosteroids (OCS) reserved for exacerbations. All the COPD patients were categorized
as those not on any steroids and using only bronchodilators, those who were using only ICS,
and those who used both systemic and inhaled steroids. Systemic corticosteroids were further
categorized as those using <1000 mg oral steroids (prednisolone equivalent) or >1000 mg oral
steroids (prednisolone equivalent) in the last 3 years.

Most of the COPD patients in our study belonged to Group E (n=85) of COPD and were
observed to be using ICS for disease control and systemic steroids during exacerbation
episodes to improve lung function and prevent further exacerbations. Among the 10 patients
who used only ICS, 3 patients developed osteoporosis. The risk of osteoporosis was found to
be remarkably elevated (n=46) in the subgroup that used ICS along with systemic steroids
(>1000mg) (prednisolone equivalent), and it was statistically significant (p=0.0019) (Figure 2).

Discussion

COPD is a systemic inflammatory condition primarily affecting the lungs, but it is also
associated with multiple comorbidities. Among its extrapulmonary complications,
osteoporosis is a significant concern, leading to reduced bone density [4,7].

Both trabecular and cortical bones are affected by an imbalance between bone formation and
resorption. The OPG/RANK/RANKL axis and pro-resorptive cytokines such as IL-1, IL-7, IL-17,
and TNF-a upregulate the RANKL pathway, which plays a critical role in the pathogenesis of
osteoporosis [4-6].

Several studies conducted in India have highlighted the high prevalence of reduced BMD
among patients with COPD. HattiHoli et al. reported osteoporosis and osteopenia in 66.7%
and 19.6% of COPD patients, respectively [6]. Similarly, Ramachandran et al., in a study
conducted at a tertiary care hospital in Southern India, observed that 67% of COPD patients
had osteopenia or osteoporosis, with reduced BMD showing significant associations with
disease severity, smoking, advancing age, and cumulative tobacco exposure [8]. Overall, the
occurrence of osteoporosis among individuals with COPD and smokers was significantly
higher—ranging from 14% to 66%—compared to healthy controls and non-smokers [9,10].
Nayyar et al. used a dual-energy X-ray absorptiometry (DEXA) scan of the lumbar spine and
showed a greater burden of reduced BMD, with 86.9% affected (45.2% with osteoporosis and

41.6% with osteopenia). In their study, the prevalence of low bone density was approximately



4 times higher in COPD patients than in controls [11]. The prevalence of osteoporosis was
found to be 69% in our study. The study participants who were smokers with a pack year of >
20 (n=36, 81.8%) had more osteoporosis compared to smokers with <20 pack years (n=9,
56.2%).

The presence of multiple risk factors in the COPD population further exacerbates their
susceptibility to osteoporosis. Low BMI has been identified as a significant predictor of
osteoporosis in individuals with COPD [6]. COPD patients with low BMI are more prone to
fractures, especially on regular use of systemic steroids and long-term high doses of ICS.
Underweight individuals have been shown to have a higher risk of osteoporosis in multiple
studies [6,10,12]. Our findings were consistent with these observations. Underweight
individuals (n=23) and patients with normal BMI (n=30) were observed to have comparatively
more osteoporosis than obese and overweight participants.

COPD severity is linked to a heightened risk of developing osteoporosis. Factors such as
anemia, advanced age, smoking status, pack years, disease stage, frequent exacerbations, and
prolonged glucocorticoid use have been identified as independent risk contributors to
osteoporosis among COPD patients in multiple studies [6,8,11].

Patients in the COPD Group E had a higher prevalence of osteoporosis and osteopenia than
those in COPD Groups A and B in our study. This elevated risk is likely attributable to the
repeated exacerbations characteristic of Group E, which necessitate frequent hospitalizations
and the use of systemic corticosteroids. The overall increasing prevalence of bone density loss
in this group strongly correlates with uncontrolled disease activity and the cumulative exposure
to steroids.

Glucocorticoids remain a cornerstone of effective COPD management. Although ICS can
reduce the risk of exacerbation in COPD patients, it increases the risk of adverse events, such
as pneumonia and upper respiratory infection [4]. Glucocorticoids also promote osteoblast
apoptosis, inhibit osteoblast precursor differentiation, and osteoblast maturation, leading to
osteoporosis [5,6]. However, studies examining the impact of glucocorticoid use in COPD
patients have shown inconsistent findings. While some studies have demonstrated an
association between glucocorticoid use and reduced BMD along with an increased risk of
fractures, others have found no significant impact on BMD [13,14].

A systematic review and meta-analysis by Peng S et al. [13], registered with PROSPERO,
included 44 RCTs involving 87,594 patients. Inhaled therapy containing ICS, especially
ICS/LABA and triple therapy, was significantly associated with increased fracture risk in COPD



patients when compared with inhaled therapy without ICS. Subgroup analyses showed that
the treatment duration of > 12 months with budesonide or fluticasone furoate therapy in study
participants aged > 65 years and GOLD stage 1l was significantly associated with an increased
risk of fractures [13].

Similar results were observed by Loke et al in their meta-analysis [15]. The study indicates that
prolonged exposure to ICS, specifically fluticasone and budesonide, is significantly associated
with an increased risk of fractures in individuals with COPD [15]. Bone parenchymal damage
can begin as early as 3 to 6 months after initiating glucocorticoid therapy and tends to worsen
with increasing cumulative steroid doses [16]. It has been observed that high doses of ICS
administered for a prolonged period increase the risk of osteoporosis [17,18].

Conversely, certain studies propose that the elevated fracture risk in COPD patients is primarily
associated with the underlying chronic respiratory condition rather than the use of ICS.

A study by Grosso et al did not show any significant association between long-term ICS use
and self-reported diagnosis of osteoporosis in subjects aged >55 years. Osteoporosis was
identified in 16 subjects (6.5%) in the ICS group and 167 subjects (6.1%) in the non-exposed
group. The risk of developing osteoporosis among individuals who used ICS for >12 months
and >36.5 months was not significantly different from that of individuals not exposed to ICS
(OR =1.02, 95% CI: 0.51, 2.03). Thus, the history of COPD, use of long-term ICS, OCS, BMI,
smoking, and physical activity were not considered risk factors for osteoporosis as per the
above study [14].

Similarly, both the ICS and the non-corticosteroid bronchodilator groups showed higher
fracture rates compared to controls, with no significant difference between the two treatment
groups in a study by Staa et al [19]. Parallel outcomes were observed by de Vries et al., and
fracture risk was comparable between ICS users and nonusers [20].

Two prominent clinical trials, TORCH (2007) and SUMMIT (2016), investigated the effects of
ICS on patients with COPD. Despite their large scale, these trials suggested no significant
difference in fracture risk between patients treated with ICS and those in non-ICS or placebo
groups. This further supports the notion that the disease per se is a primary driver of
osteoporosis and osteopenia [21,22].

The National Osteoporosis Foundation recommends osteoporosis screening for patients
receiving 7.5 mg or more of prednisone per day (or its equivalent) for more than 1 month,

given the rising incidence of glucocorticoid-associated osteoporosis [14].



Many patients in our study belonged to COPD Group E and showed a high incidence of
repeated exacerbations, necessitating increased dependence on systemic steroids alongside
ICS. This pattern may be linked to the challenges faced by patients from the nearby rural
communities who visit our hospital. The observed lack of adherence to treatment and lack of
regular follow-up, coupled with continued smoking, results in uncontrolled disease and
prolonged, indefinite use of both inhaled and systemic steroids, demonstrating a high
prevalence of osteoporosis. This outcome underscores an urgent need for intervention by
healthcare providers.

We must implement strategies to monitor and regulate COPD treatment, emphasizing regular
follow-up visits and patient counseling. The primary goal should be to strictly limit the duration
of systemic steroid use and taper all steroids to the minimal effective dose to mitigate severe
adverse effects like BMD loss.

COPD patients often have poor dietary habits and decreased sun exposure, leading to Vitamin
D deficiency. Glucocorticoids enhance vitamin D metabolism, which can lead to osteoporosis
[9]. Vitamin D and Calcium levels should be routinely checked in COPD patients and treated
accordingly, but this was unfortunately not possible in our study due to financial constraints
among patients.

The BMD in our patients was measured using a bone densitometer, which is not a gold
standard, rather than a DEXA scan. The sample size in our study is small, and further studies
are required to assess the effects of systemic and different types of ICS available for COPD
management on BMD. Also, detailed studies on the dosage and duration of steroids that initiate
bone loss are also a need of the hour.

Routine BMD assessment in all COPD patients, irrespective of disease severity, can help detect

osteoporosis and osteopenia early and prevent silent fractures through timely management.

Conclusions

The primary focus of the pulmonologist in a COPD patient is to manage symptoms, prevent
further exacerbations, and preserve respiratory function, but it is equally important to address
complications of COPD, such as Osteoporosis. Routine screening for BMD in patients with
COPD is warranted to enable early detection of osteoporosis. Along with BMD screening,
evaluating nutritional status, correcting calcium and vitamin D deficiencies, and pulmonary
rehabilitation involving aerobic and resistance exercises can improve BMD and lower fracture

risk in COPD patients.
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Table 1. Gender Distribution of study participants according to T-score.

Gender Normal Osteopenia Osteoporosis Total b
(T-score >-1 SD) | (T-score -1to-2.5 SD) | (T-score <-2.5 SD)
n (%) n (%) n (%) n (%)
Male 9(13.85) 10 (15.38) 46 (70.77) 65 (100) 0.3888
Female 3(8.57) 9 (25.71) 23 (65.71) 35 (100) (NS)
Total 12 (12.0) 19 (19.0) 69 (69.0) 100 (100)

Statistical analysis: Chi-square test; Statistically significant if p<0.05; NS: Not statistically significant

Table 2. Distribution of Study participants according to COPD GOLD Groups and T-score.

Normal Osteopenia Osteoporosis
COLD Group (-1 SD) (-1to -2?5 SD) (<-2E SD) Total
N (%) N (%) N (%) N (%)
A 1(33.33%) 2 (66.67%) 0 (0.0%) 3 (100.0%)
B 2 (16.67%) 4 (33.33%) 6 (50.0%) 12 (100.0%)
E 9 (10.59%) 13 (15.29%) 63 (74.12%) 85 (100.0%) 0.04 (S)
Total 12 (12.0%) 19 (19.0%) 69 (69.0%) 100 (100.0%)

Statistical analysis: Chi-square test. Statistically significant (S) if p<0.05.
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Figure 1. Relationship between smoking exposure and bone mineral density.
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Figure 2. Effect of inhaled and systemic steroids on bone mineral density.



