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Article Information  ABSTRACT 
Received: 28th November 2023   Background: Bone thinning and emphysema are established diseases caused by tobacco-related 

products proven beyond doubt. A paucity of literature available to establish the association between 

them. Objectives: To explore the association between the different emphysema subtypes and the 

presence of low bone mineral density among a population of active or former smokers with and without 

an established diagnosis of chronic obstructive pulmonary disease (COPD). Methods: 100 active and 

former smokers with chronic airway disease attending the Pulmonology Outpatient Department were 

identified, and they were administered clinical questionnaires, pulmonary function tests, chest computed 

tomography, and DEXA scans. Appropriate statistical tests were performed to analyze the association 

between the different emphysema subtypes, low bone mineral density, and smoking in the study 

participants. Results: Out of 100 samples, 80 % of the patients had low BMD (25 had osteoporosis, and 

55 had osteopenia). Emphysema was more frequent and severe in patients with osteoporosis (63.2 vs. 

36.8%, p=<0.01). For analyzing significant co-factors, a multivariable analysis was done, which yielded 

Body Mass Index (Odds ratio of 0.89 with a 95% Confidence Interval of 0.67–1.23) and the presence of 

centrilobular emphysema as most commonly associated with osteoporosis. (Odds ratio of 35.25, with a 

95% confidence interval of 3.23 to 401.63). Conclusion: Patients having increased Body Mass Index 

(BMI) and the presence of centrilobular emphysema are having osteoporosis irrespective of their 

smoking status, which implicates BMI, and centrilobular emphysema has to be considered while 

evaluating COPD patients. 
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INTRODUCTION 
The usage of different tobacco products is identified as a 
contributing factor to the development of osteoporosis [1]. 
Existing literature suggests that there is a further decrease in 
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bone density among smokers, and there is also more propensity 
of succumbing to fractures indeed with trivial trauma [2]. The 
risk of rapid deterioration of bone density is observed among 
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active smokers compared to ex-smokers [3]. Smoking tobacco is 
one of the most common etiological factors identified in the 
causation of chronic airway disease; out of them, chronic 
obstructive pulmonary disease (COPD) is one of the most 
common diseases [4]. Most of the extensive epidemiological 
studies concluded that low mineral density in bone was 
identified in patients with COPD [5].  Steroid usage in patients 
with limitations in airflow always leads to the development of 
osteopenia [6,7]. Contrary to this observation, people who were 
smokers and not prescribed steroids also had low bone density, 
suggesting a different pathology existed between lung disease 
and skeleton density [8]. Destruction of lung parenchymatous 
tissue with or without airflow obstruction is called emphysema 
[9,10]. Two recent studies were conducted one in patients who 
are smokers having emphysema with an established diagnosis of 
COPD and another study done in smokers having emphysema 
without an established diagnosis of COPD, suggesting that both 
emphysema and osteoporosis are the results of loss of 
extracellular matrix (ECM) and the elevation of inflammatory 
mediators, such as TNF- α [11,12].  
 
Significant outcome of these studies where emphysema is a 
significant predictor of decreased bone density. There is no 
correlation between airflow restrictions and the causation of low 
bone density; these findings were later proven beyond doubt in 
other studies [13,14]. Emphysema is classified into three 
subtypes based on clinical and radiological findings: 
centrilobular, para septal, and pan lobular [15,16]. Existing 
literature identified an established correlation between 
emphysema and low BMD, but no study done to date has been 
able to identify the type of emphysema that is associated with 
maximum bone density loss. Hence an attempt is made to study 
the correlation of emphysema with the highest loss of bone 
density. 
 
METHODS 
Participants 
One hundred consecutive patients with established emphysema 
diagnosis attending the Pulmonology department of the 
Narayana Medical College and Hospital were invited to 
participate in the study between March 2023 and October 2023. 
 
Inclusion criteria 
1) Study subjects were 50 years of age or older 
2) Both sexes  

3) With a smoking history of ≥10 pack-years as suggested by the 
Indian Society of Chest Physicians to be met as a study 
parameter involving smokers  
4) Patients having established COPD diagnosis 
5) Willing to give informed consent. 
 
Exclusion criteria: 
1) Those who had a previous diagnosis of osteoporosis 
2) Those who were using preventive treatment for osteoporosis. 
3) Using systemic corticosteroids for the treatment of COPD, as 
steroid usage causes decreased bone density and osteoporosis.  
4) Not willing to give informed consent. 
 
All subjects signed informed consent before enrollment, and the 
protocol was approved by the Institution’s ethics committee 
(NMC/ADM/ETHICS/approval/003/02/2023). The sample size 
was calculated at a 95% confidence level, assuming the 
prevalence of emphysema at 16.3%, as per the seed article by 
Wong AW [4]. At the absolute allowable error of 7%, 93 
emphysema patients are required for the study, which is further 
rounded off to 100 patients as the final sample size to avoid 
attrition. Patients were recruited into the study during their initial 
visit to the OPD. The study population does not represent the 
general population, and emphasis was given to studying the 
relationship between emphysema and bone mineral density but 
not to studying the prevalence of emphysema in diverse 
populations. After obtaining informed consent from the patients 
by disclosing the details of study protocol, they were enquired 
about details of a prefixed questionnaire comprising details of 
demographic data, medical history including substance abuse 
history, medication usage including details about the usage of 
inhalational steroid usage for symptom improve, and details of 
acute exacerbations in those with an already known diagnosis of 
COPD done by spirometry. The recruited study population will 
undergo a physical examination and measurement of BMI. 
Patients underwent Spirometry, a 6-minute walk test, BMD 
measurement, and chest computed tomography to classify 
emphysema using Fleischer Society guidelines [17]. 
 
Bone Density by Dual X-Ray Absorptiometry 
 A dual X-ray absorptiometry (DEXA) technique with a Lunar 
iDXA scan (General Electric Co) was used to measure the bone 
mineral density of the lumbar spine (L1 to L4), femoral neck, 
total hip and in some cases non-dominant forearm (33%). 
Diagnosis of osteoporosis was based on the lowest T-score of 
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these locations and defined according to the World Health 
Organization (WHO) criteria (osteoporosis: T-score≤- 2.5; 
osteopenia or low bone mass: T-score <-1.0 and >-2.5; and 
average bone mass: T-score ≥ −1.0). All DXA scans were 
interpreted by a physician certified by ISCD and following 
standard quality control procedures, including daily phantom 
scanning. The coefficient of variation was 1% for L1-L4 BMD 
and 1.1% for total hip BMD 
 
Statistical Analysis 
Quantitative data are represented as mean ± SD or median (IQR). 
Student t-tests and nonuniform data Mann-Whitney U-tests were 
used for uniformly distributed data variables. The Chi-square 
test was used to study the categorical variable. To investigate the 
association between low BMD and the other studied parameters, 
logistic regression analyses were done using the SPSS statistical 
software package (SPSS version 25.0 for Windows, Armonk, 
NY: IBM Corp.) 
 
RESULTS 
Out of 100 patient samples, 20 patients had normal BMD, and 
80 had low BMD, comprising 55 subjects with osteopenia and 
25 with osteoporosis. Low bone density is identified in women 
Subjects with lower body mass index. Between the two groups 
(regular vs. low BMD), no statistically considerable differences 
emerged in smoking status, steroid usage, and percentages of 
COPD patients. (Table 1). The presence of emphysema was 
more commonly found in patients with low BMD.  
 
Among the low mineral density group of patients, Centrilobular 
alone and Centrilobular and paraseptal types were more widely 
observed. Compromised lung function with lower values of 
forced vital capacity and lung diffusion capacity and reduced 
performance on the six-minute walking test is identified in 
patients with a low mineral density group (Table 1).  
 
On performing the univariate statistical analysis test, the low 
bone density group showed more numbers for both the presence 
and severity of emphysema. Among all emphysema subtypes, 
the centrilobular alone group had shown low BMD compared to 
other groups: centrilobular, para septal, and para septal (Table 
2). Other predictive factors for the causation of low BMD 
identified were male gender, body mass index, forced vital 
capacity and lung diffusion capacity, and a six-minute walking 
test. There is no relationship observed between COPD diagnosis 

and low bone density. Clinical factors found to be significant on 
univariable analysis conducted on the study sample or 
established risk factors for causation of low bone density are 
considered for Multivariable logistic regression analysis. Risk 
factors include age, gender, emphysema type and severity, body 
mass index, and forced vital capacity. Out of these identified risk 
factors, only body mass index and centrilobular emphysema 
were identified as significant risk factors with low bone density 
(Table 3). Results also noted that patients with centrilobular or 
both centrilobular and para septal emphysema subtypes have low 
bone density but not in patients with isolated para septal 
emphysema. 
 
DISCUSSION  
In the present study, emphasis was given to find out any 
correlation existed between any specific type of emphysema and 
BMI, which were used as endophenotypes for decreased bone 
density. It was found that the association is not dependent on the 
majority of the common risk factors for reduced bone density, 
and it was not reliant on either the presence of airway disease or 
the severity of airway disease. Existing literature reveals that 
body mass index strongly influences bone density. Elderly 
subjects who have high BMI have lower chances of developing 
osteopenia or osteoporosis when compared to individuals having 
lower BMI, which in turn is reflected in the prevalence of 
fractures [18].  
 
Another study done by Barnes PJ concluded that intentional 
weight loss in obese or overweight individuals leading to loss of 
bone mass suggests there is a correlation between body weight 
and bone density [19]. In a study done by Barrera G revealed 
that any loss of tissue in body such as weight, muscle wasting, 
lung tissue loss was dependent on low bone density [20].  
 
Several existing studies suggest the association of emphysema 
was evident on imaging is associated with decreased bone 
density. In our study we found there is a correlation between 
decreased muscle mass, destruction of lung parenchyma leading 
to emphysema and loss of bone mineral density, similar to our 
study, a study done by Kaenmuang [21] also found emphysema 
is more commonly associated with decreased bone density. In 
both human and animal models it was proposed that bone 
resorption by osteoclast and loss of pulmonary tissue are 
mediated by activation of immune mediated auto immune 
reaction, inflammatory cells and interleukins [22].  
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Table 1: Depicting the details of the patient's demographic, Radiological, Clinical, and pulmonary Characteristics of Patients 
with and without low bone mineral density 

Characteristics  
Low bone mineral 
density (n=80) 

Normal bone 
density (n=20) 

p-
value 

Demographic    
Age Mean (SD) 65.3 (8.1) 64.1 (8.7)  0.169 
Men, No (%) 37 (51.2) 18 (74.2)  0.009 
BMI Mean (SD) 27.2 (3.5) 27.8 (3.9)  <0.001 
Radiological parameters 
Total emphysema, No (%)  80(80.0) 20 (20.0) <0.001 
Sub-type of emphysema, No (%)    
Centrilobular alone  38 (44.2) 3 (3.1)  

<0.001 
 

Centrilobular and paraseptal 31 (30.0) 9 (10.3)  
Paraseptal alone  11 (5.8) 8(6.6) 
Severity of emphysema, by NETT (0–4) 2 1  0.09 
Clinical parameters 
Current smoker, No (%) 60 (52) 14 (40.0) 0.371 
Pack-years, Median with IQR 46 (27.8) 42(29.7) 0.572 
Diagnosed COPD, No (%) 61 (75.25) 11(54.9)  0.187 
Patients on Inhaled steroids, No (%) 31(29.7) 9 (21.5)  0.403 
Pulmonary function tests 
Forced vital capacity Mean (SD)  4.8 (2.4) 5.7 (1.2) 0.081 
Forced expiratory volume one second, Mean (SD)  79.7 (31.9) 91.5 (19.2) 0.231 
Forced expiratory volume one second/forced vital capacity, Median (IQR) 61.2(21) 71.1 (16.3) 0.081 
Diffusing capacity for carbon monoxide -%, Mean (SD)  71.3 (25.1) 81.5 (19.2) 0.061 
Six minutes walking test, Median (IQR) 467 (123.7) 601.2 (145.6) 0.063 

 
Table 2: Depicts the results of Low bone mineral Density Predictors in active and Ex-Smokers by doing univariate analysis 

Variables  OR IC 95% p-value 
Age in years 1.54 0.91–1.87 0.367 
Men  0.45 0.21–0.86 0.001 
Body mass index 0.95 0.85–1.45 <0.001 
Current smoker  1.46 0.57–2.93 0.409 
Pack-years 2.0 1.11–2.32 0.97 
Using Inhaled steroids  2.43 2.43–5.43 0.705 
Established COPD  2.89 2.45-4.23 0.762 
Bone density. 2.34 1.65–3.25 0.088 
FEV1 after bronchodilator use 0.68 0.45–1.12 0.009 
Diffusing capacity for carbon monoxide 1.24 0.67–1.32 0.976 
Six minutes walking test 1.1 1.23-1.45 0.045 
Emphysema  6.73 3.54–17.23 <0.001 
Severity of emphysema, by NETT (0–4) 2.51 2.54–3.45 0.009 
Type of emphysema 
Centrilobular alone 7.98  3.75–32.87 0.001 
Centrilobular and paraseptal 6.56 2.75-16.73 0.007 
Paraseptal alone 2.21 1.12–8.91 0.607 
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Table 3: Results of low bone mineral density predictors in active and ex-smokers by conducting Multivariate analysis 
Variables  OR IC 95% P value 
Age in years 1.54 0.79–1.81 0.623 
Men 0.45 0.12–1.56 0.234 
Body mass index 0.89 0.67–1.23 <0.001 
FEV1 after bronchodilator use 0.75 0.35–2.12 0.457 
Severity of emphysema, by NETT (0–4) 0.65 0.24–2.67 0.653 
Type of emphysema    
Centrilobular alone 35.25 3.23-401.63 0.034 
Centrilobular and paraseptal 27.64 3.72–281.75 0.023 
Paraseptal alone  5.85 1.95–61.43 0.364 

Our study found that the centrilobular emphysema phenotype 
was explicitly associated with loss of bone density compared to 
another type of emphysema independent of many other risk 
factors. These findings are similar to the study done by Lippi 
[23]. Centrilobular emphysema is commonly seen in people with 
chronic and heavy tobacco smoking and presents with severe 
respiratory symptoms when compared to other types of 
emphysema [24]. A study by Reid [25] identified increased 
WBC counts, matrix metalloproteinase, and TGF-B, which were 
also elevated in people with low bone density. 
 
CONCLUSIONS 
Patients having increased Body Mass Index (BMI) and the 
presence of centrilobular emphysema are having osteoporosis 
irrespective of their smoking status, which implicates BMI, and 
centrilobular emphysema has to be considered while evaluating 
COPD patients, and emphasis should be given on bone density 
in these subsets of the population.  
 
Strengths: The main strength of the current study is that we 
have considered all the important variables that can contribute to 
low BMD in smokers. Another strength is recruiting equal male 
and female patients in the study sample.  
Limitations: The current study is done in a relatively small 
sample population with fewer patients with established 
osteoporosis; hence, the findings cannot apply to the general 
population. The current study's findings require confirmation in 
other studies with diagnoses of emphysema.  
 
Future implications: A well-designed study in patients with 
COPD and osteoporosis incorporates inflammatory mediators 
such as interleukins in the evaluation and the timing of 
introducing measures for bone mass protection. 
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