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ABSTRACT

INTRODUCTION: Osteoporosis is a systemic skeletal disease characterized by low bone mass
and micro-architectural weakening of the bone. Osteoporosis is often undiagnosed, overlooked, and
undertreated by patients and physicians. Osteoporosis is common in people with COPD. Present
study aims to investigate the prevalence of osteoporosis in individuals with COPD.

METHODS: Total of 80 COPD patients admitted in Respiratory ward of Tribhuvan University
Teaching Hospital, Kathmandu were included in this study. Demographic information of the patients,
their BMI, smoking habit, use of steroid and diabetes as co-morbidity were recorded. They were
categorized using Global initiative for chronic Obstructive Lung Disease (GOLD) criteria. All patients
underwent for bone mineral densitometry (BMD) using quantitative ultrasound (QUS) from distal
radius and anterior tibial crest. Status of the BMD in COPD patients with different severity according
to the GOLD criteria, association of osteoporosis with other parameters was analyzed. Prevalence of
vertebral fracture among the COPD patients was also noted.

RESULT: The mean age of the patients was 68.58+ (9.389) years, and the male to female ratio
was M: F = 1: 1.35. Out of 80 patients 68 (85%) were smoker, 24 (30%) were diabetic and 67
(83.8%) were taking glucocorticoids. Overall BMD was low in 82.5% (osteopenia in 56.25% and
osteoporosis in 26.25%) of COPD patients. Osteoporosis was observed in 12.5 %, 30.2% 38.4% of
patients with GOLD II, III and IV COPD respectively. Mean BMI of patients were 26.014=+ (3.600),
23.198+ (3.020) and 21.428+ (3.084) respectively in normal BMD, osteopenia and osteoporosis
(P =0.000) groups. Number of smokers was significantly more in low BMD patients (P = 0.000).
Diabetes mellitus was a co-morbid condition in 24 patients (30%); but it was not correlated with level
of BMD (P =0.927). Use of oral or inhale glucocorticoids was also not correlated with level of BMD
(P=0.591). There were 5(10.8%) patients who had single level vertebral insufficiency fractures.

CONCLUSION: There is higher prevalence of osteoporosis in patients with COPD and it is directly
correlated with severity of the COPD, smoking and BMI. Vertebral fracture may be one of the co-
morbidity in COPD.
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INTRODUCTION

Osteoporosis is a systemic skeletal disease
characterized by low bone mass and micro-
architectural deterioration of bone tissue,
with a consequent increase in bone fragility.'!
Despite the adverse effects of osteoporosis,
it is a condition that is often overlooked and
undertreated, in large part because it is so often
clinically silent before manifesting in the form

of fracture.’Gallup survey performed by the
National Osteoporosis Foundation revealed that
86% of all women aged 45-75 years had never
discussed osteoporosis with their physicians,
and more than 80% were unaware that
osteoporosis is directly responsible for disabling
hip fractures.’ The prevalence of osteoporosis is
estimated to be 2 to 5 times higher in COPD
patients as compared to healthy subjects.*?
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Reduction of bone mineral density (BMD) in
COPD has been found in about 50% of patients in
several studies.*” The degree of the loss of BMD
has been found to be proportionate to the severity
of the disease.® In a cross-sectional study, the
prevalence of osteoporosis was 75% in patients
with GOLD Stage IV disease and was strongly
correlated with reduced FEV1.5The prevention
of osteoporotic fractures and vertebral fractures
particularly is important in COPD patients
given the fact that fractures treatment pose an
increased operative risk in COPD patients as
compared to healthy subjects.”!

Osteoporosis is a preventable disease that can
result in devastating physical, psychosocial,
and economic consequences. Prevention
and recognition of the secondary causes of
osteoporosis are first-line measures to lessen the
impact of this condition.!!

Prevalence of chronic obstructive pulmonary
disease and osteoporosis individually has been
well documented in studies,”!' but there are
very limited data available for prevalence of
osteoporosis in COPD patients available for
South Asian countries and Nepal. Findings of
this study can help our physicians and patients in
optimizing their treatment and thus decreasing
the burden of osteoporosis and its devastating
consequences.

METHODS

This hospital-based prospective observational
study was done in Tribhuvan University
Teaching Hospital, a tertiary care referral centre
of Nepal. 80 diagnosed case of COPD aged >
50 years were enrolled for the study after ethical
clearance from Institutional Review Board.
Patients aged < 50 and critically ill patients and
with other serious co-morbid conditions were
excluded from study. Patient’s variable (Age,
Sex, Body Mass Index, Pulmonary function
test, history of Glucocorticoid use, Smoking,
Diabetes Mellitus were recorded as per patient
proforma.

The respiratory physicians of the hospital, on the
clinical evaluation and investigations, diagnosed
COPD. Patients were categorized in I mild, II
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moderate,IIl severe and IV very severe (GOLD
criteria).'”” Bone mineral density was measured
from the anterior tibial crest of leg and distal
radius of forearm of the patients with the help of
a broadband ultrasound bone densitometer.The
system incorporates one ultrasound transducers
positioned opposite metaphyseal region of distal
radius in upper limb and anterior tibial crest in
lower limb.The T-score quantifies the difference
between the patient’s BMD and the mean value
for healthy young adults from the reference
group. According to WHO, the normal value
for T-score is within 1 SD of the mean value
for young adults (-1 to +1). Osteopenia is
considered when T-score is between—1 and—2.5.
Osteoporosis is considered to be present when
the value for BMD is less than —2.5 SD below
the mean for young adults. The lowest T-score at
either region determined the diagnosis. Patients
who complained of back pain underwent X
ray of thoraco-lumbar spine antero-posterior
and lateral view to look for vertebral fractures.
Vertebral fractures were classified according to
their shape: wedge (reduction in anterior height),
biconcave (reduction in middle height) or crush
(reduction in posterior height).'

The selected data were analyzed with the help
of SPSS (Statistical package for social science)
version 20.0. Percentage, mean, standard
deviation were calculated. The appropriate
statistical tests were used. Values of P =< 0.05
were considered significant with confidence
level of 95% throughout the study

RESULT

The mean age of the patients was 68.58+ (9.389)
years, ranged from 50 to 90 years of age; 34 male
(42.75%) and 46 female (57.5%). The male to
femaleratiowas M: F=1:1.35. Outof 80 patients
68 (85%) were smoker, 24 (30%) were diabetic
and 67 (83.8%) were taking glucocorticoids.
Overall BMD was found to be normal in 14
(17.5%) (mean T score 2.092+1.064435),
45(56.25%) patients were osteopenic (mean
T score -2.04889+.438812), and 21 (26.25%)
patients (mean T score-3.27143+.86031) had
osteoporosis. (Tablel)



According to the GOLD criteria, 24 had
Grade II (30%), 43 Grade III (53.8%) and 13
(16.2%) had Grade IV COPD. Of 24 grade
II COPD patients 11(45.8%) had normal
BMD, 10(41.6%) were osteopenic, 3(12.5%)
were osteoporotic. Among 43 patients with
grade III COPD, 3 (7%) had normal BMD,
27(62.7%) had osteopenia and 13(30.2%)

Table 1: COPD grades with Overall BMD
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had osteoporosis. Eight (61.5%) patients
had osteopenia and 5(38.4%) patients had
osteoporosis among 13 cases with very severe
COPD. None of them had normal BMD. These
differences were statistically highly significant
(P =0.000). As the grade or severity increased
number of patients suffering from decreased
bone mass density increased. (Table 2)

Variables COPD grades with Overall BMD
Normal (14) | Osteopenia (45) | Osteoporosis (21) p-values
11 11 10 0.000
COPD Grade |III |3 27 13 (Chi-square
IV |0 8 Test p-value)
Table 2: COPD grades with Severity
COPD grades with Overall BMD Severity
Variables . Osteoporosis | Total | % osteopenia+
Normal (14) | Osteopenia (45) @1 (80) o p-values
11 11 10 3 24 54%
groa(feD 111 27 13 43 93% ?'(_)021 .
v [0 8 5 13 | 100% prvar
Mean BMI of patients were 26.014+ (3.600), DISCUSSION

23.198+ (3.020) and 21.428+ (3.084)
respectively in normal BMD, osteopenia and
osteoporosis (P =0.000) groups.

Seven (50%), 40(88.8%) and 21(100%) patients
were smoker among those with normal BMD,
osteopenia and osteoporosis respectively, and
this was significant (P = 0.000).

Diabetes mellitus was a co-morbid condition in
24 patients (30%); 4 (5%) patients were with
normal BMD, 13 (16.25%) had osteopenia
and 7 (8.75 %%) had osteoporosis. This was
not statistically significant (P = 0.927). Most
of the patients were taking oral or inhale
glucocorticoids, of them 13(16.25%) had
normal BMD, 37(46.25%) were osteopenic and
17(21.25%) had osteoporosis. (P=0.591)

Out of 80 patients, 43(53.75%) complained of
back pain and thus underwent X-ray of thoraco-
lumbar spine. There were 5(10.8%) patients who
had vertebral insufficiency fractures. Among
them 2 patient were in osteoporosis group and
2 patient in osteopenia group and 1 patient in
normal BMD group. (Table 3) All the patients
had single level fractures.

COPD, a chronic inflammatory airway disease,
is projected to be the third leading cause
of death in the world in this decade.'This
condition is associated with various systemic
comorbidities including osteoporosis, but the
mechanisms by which osteoporosis develops
are debated.’*!* COPD and osteoporosis are
strongly associated because of common risk
factors such as age, smoking, and inactivity.’
The pathogenesis of osteoporosis in COPD is
multifactorial, including progressive reduction
in physical activity, low BMI, changes in body
composition, pharmacologic treatments, and
systemic inflammation.’

We studied prevalence of osteoporosis in 80
COPD patients admitted in our hospital. In this
study there was significantly higher prevalence
of lower BMD (56.25% of the COPD patients
were osteopenic and 26.25% were osteoporotic
only 17.5% were having normal BMD). In
a similar study by Bhattacharya.P et al.’in
India using quantitative ultrasound, 51.35%
were osteopenic and 21.62% of the patients
had osteoporosis. However, in another study
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by Hattiholi et al."” in Indian population using
DEXA scan more patients were detected to
have osteoporosis (66.6%) and osteopenia
(19.6%). Gupta RK et al.'® used DEXA scan
to measure bone loss in Saudi Arabian COPD
cases and found 65.3% osteoporotic and 28.57%
osteopenic patients. This may be attributable to
better result of DEXA scan for measurement
of BMD. But our findings are similar to the
Egyptian study by EL-Gazzaret al.'” and Thai
study by Rittayamai N et al.'® using DEXA.
The National Health and Nutrition Examination
Survey (NHANES) done by John Hopkins
University demonstrated a 16.9% prevalence of
osteoporosis in 995 COPD subjects and an 8.9%
prevalence in 14,828 non-COPD subjects aged
45 years or older."

More than 4/5" of our patients had severe COPD
(GOLD III and 1V), and it was proportionate
to the degree of bone mass loss. This finding
i1s in acceptance to a previous study done by
RQ Graumam et al® reporting that BMD was
lower in GOLD III and IV than in GOLD I and
IT COPD patients. However, the prevalence of
osteoporosis was not significantly different after
stratification of COPD in Dutch population.?
Age, body mass index (BMI), and parathyroid
hormone (PTH) level were significant
independent correlates for osteoporosis.'

Age of the patients, their BMI, smoking habit,
use of corticosteroids and co morbidity like DM
are other factors responsible for osteoporosis
and were studied. The mean age of our patients
was 68.58+ 9.389 years which is comparable to
the COPD patients with osteoporosis in Brazil*
and in India.” There was female predominance
(M: F = 1:1.35) in this study. Smoking, though
the mechanism is poorly understood, has long
been recognized as an independent risk factor for
osteoporosis and COPD, but the effect appears to
be dose-dependent.?'Positive history of smoking
was noted in 68 patients (85%); 89% of patient
with osteopenia and 100% with osteoporosis
were smoker in our series (P<0.000). In Nepal,
prevalence of smoking and tobacco use is 56.5%
in men and 19.5% in women, which is higher
in comparison to other countries.?’Furthermore
Nepalese female are prone to suffer from
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respiratory diseases because of use of wood fire
for cooking.*?Positive correlation between low
bone mineral density and smoking was found in
study done by few studies.”Bari et al.* studied
prevalence of osteoporosis among Bangladeshi
male smokers and found that COPD patients were
4.5 times more likely to develop osteoporosis
than controls after adjusting age, smoking-pack
years and BMI.

BMI value of the patients was directly co
related with BMD level. Patients with lower
BMI were osteoporotic (normal BMD group -
BMI 26.014 + 3.600 kg/m?, osteopenia - 23.198
+3.020kg/m* and osteoporosis 21.428-+3.084
kg/m?). In a meta-analysis with pooled global
prevalence from 58 studies, Chen et.al'! found
significant risk factors for osteoporosis in
COPD patients were BMI < 18.5 kg/m2 (OR,
4.26) and the presence of sarcopenia (OR,
3.65). Bolton C.E at al.*® recommended both
% IBW (ideal body weight) and BMI as useful
anthropometric measurements identifying those
with osteoporosis. BMI of our COPD patients
with osteoporosis is rather better; however
it was proportionately lower in osteoporotic
patients than in osteopenic and patients with
normal BMD. Decreased physical activity
due to frequent exacerbation and chronic lung
condition may be responsible for both reduction
in BMI and BMD. %13

Oral and inhaled corticosteroids are widely used
in COPD patients for the prevention and treatment
of exacerbations. Corticosteroids are well
known for their ability to induce osteoporosis.
Systematic review and meta-analysis of
randomized controlled trials and observational
studies by Loke Y.K et al.* confirmed that the
use of inhaled corticosteroids was associated
with an increased risk of fracture. In present
study, use of steroid was not directly associated
with lower BMD. In the TORCH study?,
which included 658 patients done on European
population, the use of inhaled corticosteroids
had no effect on bone mineral density over a
period of 3 years. Study in Indian population®
found no correlation between glucocorticoid use
and osteoporosis and osteopenia. Controversy
still exists on the role of corticosteroids in bone



loss. Corticosteroid use may not fully account
for the low BMD in COPD patients; the risk of
osteoporosis may be more related to the COPD
severity.

There were 5(10.8%) patients with vertebral
fractures, 4 of them were present in decreased
BMD group. Study done in 350 American
COPD patients Carter JD et al.** found vertebral
fractures in 9(2.6%) patients. In a Brazillian
study* the frequency of vertebral fractures was
18.6% in the COPD group and 9.0% in control
group (p = 0.06); and the frequency of reported
falls causing fracture was 36.3% in the COPD
group and 7.3% in control group (p = 0.001).
Thus they concluded that COPD patients
present a high frequency of osteoporosis and
falls seem to be an important factor for vertebral
fracture. Slightly more vertebral fracture was
found in male patients with COPD in another
study, and the age was said to be the main
predictor of vertebral fractures (OR = 1.164
(1.078-9.297).8 Screening for osteoporosis in
patients with COPD and appropriate treatment
can prevent osteoporotic fracture, which may
lead to improved quality of life as well as better
long-term prognosis.’

In present study, 24(30%) patients also had
diabetes mellitus (DM) as co-morbid condition
of COPD. However, it was not correlated with
severity of bone loss. The exact mechanism
is not known, but systemic inflammation (with
elevated markers such as CRP, TNF-a and IL-6)
plays an important role in both the progression of
COPD and the development of insulin resistance
causing increased risk of developing type 2
diabetes.”*Elevated TNF-a and Interleukin-1
stimulate the differentiation of macrophages
into osteoclasts via mesenchymal cells releasing
receptor activator of nuclear factor-k B ligand,
a member of the TNF-a superfamily.?’ High
levels of TNF-a are found in osteoporosis
associated with both post-menopausal states
and COPD.?” The above findings may explain
the high prevalence of diabetes and decreased
bone mass in the present study.

Present study is a non-randomized study with
a small sample size; findings may not represent
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the variation in the general population. Patients
with COPD were screened using qualitative
ultrasound of distal radius and anterior tibial
crest, which is not regarded as the gold standard
for the measurement of bone mineral density.

Further randomized multicenter studies are
needed to significantly establish the correlation
of COPD with osteoporosis in Nepalese
population. Quantitative ultrasound may be used
as screening for bone mineral density but Dexa
scan is necessary to diagnose osteoporosis.

CONCLUSION

Present study identifies a high prevalence of
osteopenia and osteoporosis in patients with
COPD. There were positive correlations between
bone mineral density with tobacco smoking and
BML. It did not find a correlation between bone
mineral density with glucocorticoid intake, and
diabetes mellitus. Patients with COPD should
be screened for osteoporosis and contributing
risk factors and should be treated before severe
consequences happen.

Conflict of interest: None

REFERENCES

1. Raisz LG:  Pathogenesis  of  osteoporosis:
concepts, conflicts, and prospects. J Clin Invest.
2005;115(12):3318-25.

2. Jorgensen NR, Schwarz P: Osteoporosis in chronic
obstructive pulmonary disease patients. Curr Opin
Pulm Med. 2008;14(2):122-7.

3. Compston J, Bowring C, Cooper A, Cooper C, Davies
C, Francis R, et al: Diagnosis and management of
osteoporosis in postmenopausal women and older men
in the UK: National Osteoporosis Guideline Group
(NOGG) update 2013. Maturitas. 2013 ;75(4):392-6.

4. Gazzotti MR, Roco CM, Pradella CO, Nascimento OA,
Porto EE, Adas M, et al: Frequency of Osteoporosis and
Vertebral Fractures in Chronic Obstructive Pulmonary
Disease (COPD) Patients. Arch Bronconeumol. 2019
;55(5):252-257.

5. Bhattacharyya P, Paul R, Ghosh M, Dey R, Dey R,
Barooah N, et al: Prevalence of osteoporosis and

osteopenia in advanced chronic obstructive pulmonary
disease patients. Lung India. 2011,28(3).184-6.

6. Vrieze A, de Greef MH, Wijkstra P.J, Wempe JB: Low
bone mineral density in COPD patients related to
worse lung function, low weight and decreased fat-free
mass. Osteoporos Int. 2007;18(9):1197-202.

Vol. 6 No. 2, Jul-Dec. 2020 R1Y



Nepal Orthopaedic Association Journal (NOAJ)

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Inoue D, Watanabe R, Okazaki R: COPD and
osteoporosis: links, risks, and treatment challenges.
Int J Chron Obstruct Pulmon Dis. 2016:11 637648

Graumam RQ, Pinheiro MM, Nery LE, Castro CHM:
Increased rate of osteoporosis, low lean mass, and
fragility fractures in COPD patients: association with
disease severity. Osteoporos Int. 2018;29(6):1457-
1468.

Ogura-Tomomatsu H, Asano K, Tomomatsu K,
Miyata J, Ohmori N, Kodama M, et al: Predictors
of osteoporosis and vertebral fractures in patients
presenting  with  moderate-to-severe  chronic
obstructive lung disease. COPD. 2012,9(4):332-7.

Majumdar SR, Villa-Roel C, Lyons KJ, Rowe BH:
Prevalence and predictors of vertebral fracture in
patients with chronic obstructive pulmonary disease.
Respir Med. 2010,104(2):260-6.

Chen YW, Ramsook AH, Coxson HO, Bon J, Reid
WD: Prevalence and Risk Factors for Osteoporosis
in Individuals With COPD: A Systematic Review and
Meta-analysis. Chest. 2019,156(6):1092-1110.

[Guideline] Global Initiative for Chronic Obstructive
Lung Disease. Global Strategy for the Diagnosis,
Management, and Prevention of Chronic Obstructive
Pulmonary Disease 2018 Report. Goldcopd.org.

D Watanabe R, Inoue D: Secondary osteoporosis.
Chronic obstructive pulmonary disease: COPD. Clin
Calcium. 2018,;28(12):1647-1652.

An Lehouck, Steven Boonen, Marc Decramer, Wim
Janssens: COPD, bone metabolism, and osteoporosis.
Chest. 2011,139(3):648-657.

Hattiholi J, Gaude GS: Prevalence and correlates of
osteoporosis in chronic obstructive pulmonary disease
patients in India. Lung India. 2014,31(3):221-7.

Gupta RK, Ahmed SE, Al-Elq AH, Sadat-Ali M: Chronic
obstructive pulmonary disease and low bone mass: A
case-control study. Lung India. 2014,;31(3):217-20.

EL-Gazzar AG, Abdalla ME, Almahdy MA: Study
of Osteoporosis in chronic obstructive pulmonary
disease. Egyptian Journal of Chest Diseases and
Tuberculosis. 2013;62(1):91-5.

Rittayamai N, Chuaychoo B, Sriwijitkamol
A: Prevalence of osteoporosis and osteopenia
in Thai COPD patients. J Med Assoc Thai.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

2012;95(8):1021-7.

Schnell K, Weiss CO, Lee T, Krishnan JA, Leff B et
al: The prevalence of clinically relevant comorbid
conditions in patients with COPD: a cross-sectional
study using data from NHANES 1999-2008. BMC
Pulm Med. 2012, 12(1):26.

Graat-Verboom L, Wouters EF, Smeenk FW, van
den Borne BE, Lunde R, Spruit MA: Current status
of research on osteoporosis in COPD: a systematic
review. Eur Respir J. 2009 ;34(1):209-18.

Kiel DP, Zhang Y, Hannan MT, Anderson JJ, Baron
JA, Felson DT: The effect of smoking at different life
stages on bone mineral density in elderly men and
women. Osteoporosis Int: 1996,6(3):240-8.

Adhikari TB, Neupane D, Kallestrup P: Burden of
COPD in NepalInt J Chron Obstruct Pulmon Dis.
2018 Feb 9;13:583-589.

Wong PK, Christie JJ, Wark JD. The effects of smoking
on bone health. Clin Sci. 2007 Sep; 113(5):233-41.

Bari MZJ, Patwary I, Hussain D, Islam SAHMM,
Rasker JJ: Association of COPD with osteoporosis
in male smokers: A case control study in a tertiary
medical college hospital in Bangladesh. J Back
Musculoskelet Rehabil. 2020,33(1):119-125.

Bolton CE, Cannings-John R, Edwards PH,
lonescu AA, Evans WD, Pettit RJ, et al: What
community measurements can be used to predict
bone disease in patients with COPD? Respir Med.
2008;102(5):651-7.

Loke YK, Cavallazzi R, Singh S: Risk of fractures with
inhaled corticosteroids in COPD: systematic review
and meta-analysis of randomised controlled trials and
observational studies. Thorax. 2011;66(8):699-708.

Ferguson GT, Calverley PM, Anderson JA, Jenkins
CR, Jones PW, Willits LR, et al. Prevalence and
progression of osteoporosis in patients with COPD:
results from the TOwards a Revolution in COPD
Health study. Chest. 2009;136(6):1456—1465.

Raherison, C., Ouaalaya, EH., Bernady, A. et
al. Comorbidities and COPD severity in a clinic-
based cohort. BMC Pulm Med. 2018,18(1):1-0..

Khateeb J, Fuchs E, Khamaisi M. Diabetes and Lung
Disease: A Neglected Relationship. Rev Diabet Stud.
2019;15:1..

Address for correspondence:

SUSHIL PAUDEL

Department of Orthopaedics & Trauma Surgery (Spine Unit), Maharajgunj Medicine Campus,
Institute of Medicine, Tribhuvan University Teaching Hospital, Kathmandu, Nepal

Email: paudelsusil@gmail.com

m Vol. 6 No. 2, Jul-Dec. 2020



