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Abstract.
OBJECTIVES: Chronic obstructive pulmonary disease (COPD) may increase the risk of osteoporosis and resulting fractures
can contribute to disability and mortality of patients. We intended to evaluate the frequency of osteoporosis in male smokers with
and without COPD and study whether any correlation existed between osteoporosis and COPD.
MATERIALS AND METHODS: This case-control study was carried out in the Department of Medicine, Sylhet M.A.G.
Osmani Medical College Hospital, Sylhet, Bangladesh between July 2013 and June 2015. Seventy four male smokers with COPD
and 66 age-matched male smokers without COPD were enrolled. All individuals underwent Bone Mass Densitometry (BMD) by
Dual-Energy X-Ray Absorptiometry (DEXA).
RESULTS: COPD and non-COPD groups did not differ regarding age and smoking pack-years. Osteoporosis at femoral neck
(48.6% versus 16.7%; p < 0.001) and lumbar spine (68.9% versus 37.9%; p < 0.01) was significantly higher in COPD compared
to controls. Osteopenia did not differ significantly. Patients with COPD were 4.5 times more likely to develop osteoporosis than
controls after adjusting age, smoking-pack years and BMI (adjusted OR = 4.5; 95% CI = 1.8–11.5).
CONCLUSIONS: Osteoporosis is more frequent in male smokers with COPD compared to smokers without COPD. COPD is
a risk factor of osteoporosis independent of age, smoking and BMI.
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1. Introduction1

Chronic obstructive pulmonary disease (COPD) is a2

major cause of chronic morbidity and mortality world-3

wide. The Global Initiative for Chronic Obstructive4
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Lung Disease (GOLD) has defined COPD as a pre- 5

ventable and treatable disease that is primarily charac- 6

terized by progressive airflow limitation. This airflow 7

limitation is not fully reversible and is associated with 8

an abnormal inflammatory response of the lung to nox- 9

ious particles or gases, most often cigarette smoke [1]. 10

In addition to progressive loss of lung function, there 11

is an increasing awareness of the development of extra- 12

pulmonary co-morbidities, posing additional problems 13

in the management of COPD [2]. There is a grow- 14
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Table 1
Baseline characteristics of the two groups of patients: Smokers with COPD and
control smokers without COPD

Variables COPD (n = 74) Control (n = 66) p value
Age

41–50 years 6 (8.1) 3 (4.5) ∗p > 0.05
51–60 years 25 (33.8) 33 (50.0)
61–70 years 37 (50.0) 26 (39.4)
71–80 years 6 (8.1) 4 (6.1)
Mean ± SD 62.57 ± 8.02 60.65 ± 7.12 †p = 0.139

Smoking (pack-years) 37.50 ± 16.77 33.39 ± 13.82 †p = 0.118
BMI (Kg/M2) 18.22 ± 2.58 21.33 ± 4.43 †p < 0.001
∗Chi-square (Yates’ corrected) test and †unpaired t-test were applied to analyse the
data. Figure in the parenthesis indicates the corresponding percentage

ing evidence that osteoporosis is one of the systemic15

effects associated with COPD [3]. A low bone min-16

eral density (BMD), leading to osteoporosis is com-17

mon in COPD, studies reporting osteoporosis in 24 to18

60% of patients with COPD [4–9], and osteopenia in19

35% to 72% [10] Osteoporosis and its related fractures20

are common in patients with COPD and may have sig-21

nificant impact on quality of life and even respiratory22

function [11].23

Several studies showed that the prevalence of osteo-24

porosis is two-to five-fold higher in COPD than in age-25

matched subjects without airflow obstruction [6,7].26

Graat-Verboom et al. [12] found an overall prevalence27

of osteoporosis of 31.7% in COPD versus 5.8% in28

healthy subjects, p < 0.001). Naghshin et al. [13]29

found that the frequency of osteoporosis in male30

smokers with COPD is much higher than in male31

smoker controls. Indeed, COPD patients are 12.5 times32

more likely to develop osteoporosis. Furthermore, in33

a screening tool for males at risk for osteoporosis, the34

presence of COPD is one of the parameters increasing35

this risk almost four times [14]. COPD patients have36

a higher prevalence of osteoporosis than healthy el-37

derly subjects [15]. However, Karadag et al. [16] and38

Sim et al. [17] did not find a significant difference39

in prevalence of osteoporosis between COPD patients40

and healthy subjects.41

This problem has not yet been studied in Bangla-42

desh, a developing country with a high percentage43

(31.1%) of male smokers [18], and COPD44

(13.5%) [19]. Moreover, in osteoporosis, subsequent45

vertebral fractures or hip fractures may further com-46

promise lung function and quality of life and increase47

the mortality of COPD [20,21]. Hence, this study is un-48

dertaken to compare the frequency and association of49

osteoporosis between male smokers with and without50

COPD in a developing country, Bangladesh. Knowl-51

edge of exact data would make it possible to improve52

the quality of life in this risk group, by appropriate pre- 53

ventive strategies that could avoid or reduce the conse- 54

quences of osteoporosis. 55

2. Materials and methods 56

2.1. Study participants 57

This case-control study was carried out in the De- 58

partment of Medicine, Sylhet M.A.G. Osmani Medi- 59

cal College Hospital, Sylhet, Bangladesh between July, 60

2013 and June, 2015. All data were collected prospec- 61

tively using pre-fabricated data sheets. 62

All male smokers with at least 10 pack years aged 63

over 40 years and diagnosed as cases of COPD ful- 64

filling the selection criteria were enrolled. Controls 65

were volunteers selected from accompanying persons 66

of the patients or other patients or hospital staff mem- 67

bers, who were age matched male smokers with- 68

out COPD/chronic respiratory diseases (e.g. intersti- 69

tial lung diseases). Exclusion criteria for patients and 70

controls were: bronchial asthma, chronic heart failure, 71

liver cirrhosis, thyroid dysfunction and rheumatologic 72

disorders, malignancies, chronic renal disease, as well 73

as patients taking systemic corticosteroids for more 74

than 3 months during the last year, bisphosphonates, 75

ergocalciferol, levothyroxin, lithium, calcium and/or 76

vitamin D preparations. 77

Considering an anticipated effect size of 20% and a 78

number of predictors of 4 with 5% significance level 79

and 80% power, the minimum sample size was 65. In 80

this study 74 COPD patients and 66 non-COPD sub- 81

jects were enrolled. 82

2.2. Diagnosis of COPD and osteoporosis 83

To diagnose COPD, all subjects underwent spirom- 84

etry (Forced expiratory volume in 1 second [FEV1], 85
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Table 2
Lung function measured by spirometry in the two groups

Spirometry COPD (n = 74) Control (n = 66) P value
FEV1 (% predicted) 33.93 ± 12.67 93.12 ± 11.63 *p < 0.001
FVC (% predicted) 52.49 ± 13.87 88.32 ± 11.88 *p < 0.001
FEV1/FVC (%) 46.83 ± 9.24 81.65 ± 5.99 *p < 0.001
∗Unpaired t-test was applied to analyse the data. Data were presented as mean
± standard deviation.

Forced Vital Capacity [FVC], and FEV1/FVC ratio)86

using RMS Helios 702 spirometer (Recorders and87

Medicare systems private limited, MEDSPIROR, In-88

dia). The diagnosis of COPD was made based on89

clinical history (cough and sputum on most days for90

at least 3 consecutive months for at least 2 succes-91

sive years along with breathlessness with history of92

exposure to risk factors especially tobacco smoking)93

and confirmed by pulmonary function testing. Stag-94

ing of COPD was done as per GOLD criteria: stage-95

I, FEV1/FVC < 0.70, FEV1 > 80% predicted; stage-96

II, FEV1/FVC< 0.70, FEV1 50–79% predicted; stage-97

III, FEV1/FVC < 0.70, FEV1 30–49% predicted and98

stage-IV, FEV1/FVC < 0.70, FEV1 < 30% pre-99

dicted or FEV1 < 50% predicted if respiratory fail-100

ure present [22]. Spirometry was also performed in101

controls. and all the observations were compared with102

those of the COPD patients (Table 2).103

To measure osteoporosis, bone mineral density of104

the cases and controls was determined using whole105

body densitometer, DEXA (Dual Energy X-Ray Ab-106

sorptiometry) scan (GE Healthcare Lunar prodigy ad-107

vance, scanner serial no. PA + 302343, software ver-108

sion ± ENCORE 2008 version 12.2, Germany). BMD,109

bone mineral content (BMC), and area were measured110

at the femoral neck and at the lumbar spine (vertebrae111

L1–L4) [23]. All parameters were expressed in stan-112

dard globally accepted terms: BMD (g/cm2), BMC (g),113

and area (cm2). A patient’s BMD was given a T-score,114

which was derived by comparing it to an average score115

for a healthy 30-year-old male [8,9]. The differences116

between the “normal young” score and the patient’s117

score were referred to as standard deviation (SD). T-118

score values below-2.5 SD were defined as osteoporo-119

sis, between-1.0 and-2.5 SD as osteopenia and-1 SD as120

normal bone density [9]. Osteoporosis score was mea-121

sured both in cases and controls and compared.122

Data regarding the use of corticosteroids orally and123

as inhalers are collected from history taking and previ-124

ous clinical records.125

2.3. Statistical analyses126

The statistical analyses were performed using SPSS127

(Statistical Package for Social Science) version 21 for128

Windows. Descriptive statistics and frequency distri- 129

butions were generated for the data. A chi-square test 130

was used to show a relationship between categorical 131

variables and a unpaired t-test was used to show a re- 132

lationship between numerical variables. Statistical sig- 133

nificance was set at p < 0.05 for all tests. 134

2.4. Ethical disclosure 135

Approval of the study protocol was obtained from 136

the Institutional Ethical Committee of Sylhet M.A.G 137

Osmani Medical College, Sylhet, Bangladesh and in- 138

formed written consent was obtained from the patients 139

or attendants (where appropriate) after full explanation 140

of the details of the disease process and purpose of the 141

study. 142

3. Results 143

The mean age of the COPD group was 62.57 ± 144

8.02 years and of controls 60.65 ± 7.12 years; (p = 145

0.139 NS). The mean smoking pack-years also did not 146

differ significantly (p = 0.118 NS) (Table 1). In this 147

study, FEV1 (% predicted), FVC (% predicted) and 148

FEV1/FVC (%) were significantly lower in the COPD 149

group than that of the control group (p < 0.001 each) 150

(Table 2). GOLD stage-III was the most frequent stage 151

of COPD and constituted 55.4% of the cases, followed 152

by stage-IV (35.1%) and stage-II (9.5%). In the COPD 153

group oral corticosteroids were used by 9 (12.2%) pa- 154

tients, inhaled steroids by 47 (63.5%) and 18 (24.3%) 155

patients did not use steroids. 156

Using femoral neck densitometry normal bone min- 157

eral density was found significantly fewer in the COPD 158

group than in the controls (8.1% versus 27.3%; p < 159

0.05). Osteoporosis was found significantly more in 160

the COPD group than in the controls (48.6% versus 161

16.7%; p < 0.001); whereas osteopenia did not dif- 162

fer significantly between the COPD and control groups 163

(43.2% versus 56.1%; p > 0.05) (Table 3). 164

With lumber spinal densitometry normal bone min- 165

eral density (5.4% versus 18.2%; p < 0.05) and os- 166
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Table 3
Comparison of bone density and osteoporosis in smokers with COPD and smoking controls

Variables COPD (n = 74) Control (n = 66) Statistical values p value
T score

Femoralneck −2.31 ± 0.92 −1.65 ± 0.93 t = −4.187 *p < 0.001
Lumbarspine −3.01 ± 1.26 −1.92 ± 1.13 t = −5.352 *p < 0.001

Osteoporosis
Femoralneck 36 (48.6) 11 (16.7) Z = 4.308 †p < 0.001
Lumbarspine 51 (68.9%) 25 (37.9) Z = 3.856 †p < 0.01

Osteopenia
Femoralneck 32 (43.2) 37 (56.1) Z = −1.537 †p > 0.05
Lumbarspine 19 (25.7) 29 (43.9) Z = −2.291 †p < 0.05

Normal
Femoralneck 6 (8.1) 18 (27.3) Z = −3.031 †p < 0.05
Lumbarspine 4 (5.4) 12 (18.2) Z = −2.358 †p < 0.05

∗Unpaired t-test and †Z test for proportion were applied to analyse the data.

Table 4
Risk factors of osteoporosis in patients with COPD by multiple lo-
gistic regression analyses

Variables Crude OR Adjusted OR
(95% CI) (95% CI)

Age
41–50 years Reference Reference
51–60 years 4.67 (0.67–32.38) 0.83 (0.26–4.30)
61–70 years 5.19 (1.20–22.38) 1.102 (0.22–5.56)
71–80 years 5.40 (1.26–23.17) 0.15 (0.02–1.36)

Smoking-pack years
6 20 pack/year Reference Reference
21–40 pack/year 4.25 (0.82–22.13) 0.634 (0.19–2.06)
41–60 pack/year 2.74 (0.68–11.05) 0.54 (0.13–2.18)
61–80 pack/year 1.71 (0.37–7.85) 0.312 (0.05–2.02)

BMI in kg/M2

< 18.5 Kg/M2 Reference Reference
18.5–22.9 Kg/M2 2.12 (0.96–4.69) 0.85 (0.14–5.05)
23.0–24.9 Kg/M2 1.04 (0.30–3.65) 0.15 (0.25–8.95)
25.0–29.9 Kg/M2 4.09 (0.83–20.03) 0.73 (0.09–5.85)

COPD
No Reference Reference
Yes 4.737 (2.146–10.455) 4.549 (1.793–11.537)

COPD: Chronic obstructive pulmonary disease; OR = Odds ratio,
CI = Confident Interval.

teopenia (25.7% versus 43.9%; p < 0.05) was found167

significantly fewer in the COPD group than in controls;168

while osteoporosis was found significantly more in the169

COPD group than in controls (68.9% versus 37.9%;170

p < 0.01) (Table 3).171

Multivariate analysis showed that the presence of172

COPD significantly correlates with osteoporosis (ad-173

justed OR = 4.55; 95% CI = 1.79–11.54), but age,174

smoking-pack years and BMI did not correlate with os-175

teoporosis (Table 4).176

Use of oral corticosteroids (adjusted OR = 1.77;177

95% CI = 0.29–10.71) and inhalation steroids (ad-178

justed OR = 1.74; 95% CI = 0.51–5.91) compared to179

no use of steroids was not associated with osteoporosis180

Table 5
Association between osteoporosis and steroid use in COPD patients
(n = 74). Crude OR and adjusted OR for age, smoking pack years
and BMI

Steroiduse Crude OR (95% CI) Adjusted OR (95% CI)
Oral 1.96 (0.39–9.93) 1.77 (0.29–10.71)
Inhalation 1.95 (0.64–5.89) 1.74 (0.51–5.91)
No use of oral Reference Reference
or inhalational
steroids

OR = Odds ratio, CI = Confident interval.

in patients with COPD when adjusted for age, smoking 181

pack year and BMI (Table 5). 182

4. Discussion 183

Osteoporosis is a major problem in men with chronic 184

ailments. In men with COPD, osteoporosis may be 185

particularly disabling because vertebral fractures re- 186

duce vital capacity, which further compromises venti- 187

lation [24]. Evidence suggests that the prevalence of 188

osteoporosis in patients with COPD is high and poten- 189

tially important [25,26]. When studying the relation- 190

ship between osteoporosis and COPD, one has to real- 191

ize that the two diseases have a number of risk factors 192

in common including: smoking, older age, long-term 193

treatment with corticosteroids, and low body mass in- 194

dex. 195

In the current study the mean BMI was significantly 196

lower in the COPD group than in the smoking con- 197

trols (p < 0.001) (Table 1), but with multivariate mul- 198

tiple logistic regression analyses BMI did not corre- 199

late with osteoporosis (Table 4). In an Indian uncon- 200

trolled study among 102 COPD patients, after using 201

multivariate logistic regression analysis, BMI was not 202

found to be a significant risk factor for osteoporosis 203
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in COPD patients [26]. A significantly lower BMI in204

the COPD group than controls was reported in several205

studies [17,26–28].206

In the present study T-scores of the femoral neck207

were significantly lower in COPD patients than in con-208

trols (p < 0.001). These results were in agreement with209

other studies [13,17]. In contrast, Karadag et al. [16]210

found T-scores of the femoral neck were significantly211

lower in COPD patients but difference was not signifi-212

cant (p = 0.9).213

This study revealed that osteoporosis in the femoral214

neck was in 36 (48.6%) COPD compared to 11215

(16.7%) in controls (p < 0.001). Several studies were216

comparable with our findings [17,30–32]. Karadag et217

al. [16] disagreed with this finding, as they reported218

that the frequency of osteoporosis was higher in COPD219

but that the difference was not significant (p = 0.68).220

They performed their study in COPD patients who221

were clinically stable and perfectly treated; this choice222

may have influenced their findings. Graat-Verboom et223

al. [33] assessed risk factors for developing osteoporo-224

sis in clinically stable COPD outpatients at baseline225

and after 3 years. The prevalence of osteoporosis in226

COPD patients increased from 47% to 61% in 3 years227

mostly due to an increase of vertebral fractures. Lower228

baseline T-scores at the trochanter independently in-229

creased the risk for the development of osteoporosis.230

In our study significantly more osteoporosis was231

found in the lumbar spine and femoral neck in the232

smoking COPD group than in smoking controls (p <233

0.01). This result was comparable with a study by234

Naghshin et al. [13].235

In our study we showed by multivariate analysis236

that the presence of COPD significantly correlates with237

osteoporosis (adjusted OR = 4.50; 95% CI = 1.79–238

11.54), but age, smoking-pack years and BMI did not239

predict osteoporosis. This result was supported by the240

study by Naghshin et al. [13], who stated that the risk241

of osteoporosis in patients with COPD was almost 12.5242

fold compared to control group (OR: 12.46, CI 95%243

= 3.9–39.85). In Korea osteoporosis was found in 191244

(17.7%) of 1,081 COPD patients. In multivariate anal-245

yses, older age (odds ratio [OR] = 1.10, P < 0.001)246

was a risk factor for osteoporosis. Patients with male247

sex (OR = 0.06, P < 0.001), high house income (OR248

= 0.75, P = 0.045), and high BMI (OR = 0.74, P <249

0.001) were less likely to have osteoporosis. In addi-250

tion, osteoporosis was associated with poor HRQOL251

(β = −0.21, P = 0.023) [34].252

In the current study use of oral corticosteroids com-253

pared to no use of steroids was not associated with os-254

teoporosis in patients with COPD when adjusted for 255

age, smoking pack year and BMI (adjusted OR = 256

1.77; 95% CI = 0.29–10.71). Inhalation steroids com- 257

pared to no use of steroids was also not associated 258

with osteoporosis in patients with COPD (adjusted OR 259

= 1.74; 95% CI = 0.51–5.91). Some studies showed 260

that one of the most obvious causes of osteoporosis 261

in COPD patients is treatment with glucocorticoids, 262

both as systemic therapy and as inhaled glucocorti- 263

coids [1,9,15,35,36], whereas others reported little or 264

no effect of glucocorticoids on osteoporosis [23,37]. 265

So glucocorticoid use does not fully account for the 266

low bone mineral density (BMD) and high prevalence 267

of osteoporosis in COPD patients [12]. Furthermore 268

the classic explanation of osteoporosis in COPD as 269

a result of accelerated decline in bone mineral den- 270

sity among users of inhaled corticosteroids is not sup- 271

ported by clinical trials [35,36,38,39]. Moreover in a 272

randomized controlled trial, Mathioudakis et al. [40] 273

have shown that long-term use of low-dose inhaled cor- 274

ticosteroids protects the COPD patients from devel- 275

oping osteoporosis. This is secondary to the decrease 276

of inflammation in the lungs, which further decreases 277

the systemic spill-over. The long-term treatment with 278

inhaled corticosteroids had also no effect on fracture 279

risk in patients with COPD [41], and at conventional 280

doses [35]. One year of inhaled corticosteroid treat- 281

ment was shown to exert no effects on bone mineral 282

density [42], while a treatment of 3 years with inhaled 283

triamcinolone was found to reduce bone mineral den- 284

sity [43]. In this study use of oral steroid in COPD pa- 285

tients was less than 3 months and this may explain dif- 286

ferences with some of the above mentioned studies. 287

In an Indian controlled study among 30 COPD pa- 288

tients, the risk of osteoporosis and osteopenia was 289

found to increase with the increase of COPD sever- 290

ity [44]. This fits in with our finding that COPD is an 291

independent risk factor for osteoporosis. 292

Our study has some limitations. First, this was a 293

single-centre study. A second limitation is that we did 294

not include X-Ray studies of the vertebra. Third, we 295

did not assess the physical activity of COPD and con- 296

trol subjects as this might have influenced osteoporo- 297

sis; none of our patients or controls were bed-ridden. 298

Fourth, we did not record the life time cumulative 299

doses of inhaled or systemic corticosteroids. 300

The strength of the study is the fact that it is the 301

first study in Bangladesh and one of the first large con- 302

trolled studies in a developing country in Asia study- 303

ing the frequency of osteoporosis in smokers with and 304

without COPD. 305
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5. Conclusions306

The frequency of osteoporosis is higher in male307

smokers with COPD compared to those without308

COPD. Thus COPD appears to be a risk factor for309

osteoporosis independent of smoking. During rehabil-310

itation of COPD patients back problems due to os-311

teoporotic deformation of the spine and or fractures312

should be a point of special attentions Physicians313

should be aware of this complication and BMD should314

be measured in every male smoker with COPD; pre-315

vention of osteoporosis should be part of the medical316

care for COPD patients.317
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