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ABSTRACT 

Osteoporosis, with resulting fractures, is one of the systemic effects associated with chronic obstructive 
pulmonary disease (COPD). The etiology for the bone loss is diverse but includes smoking, vitamin D 

deficience, low body mass index, hypogonadisms, sedentary lifestyle, and use of glucocorticoids. 

However many patients remain undiagnosed until their fracture because of the lack of recognition of the 

disease. There is remarkable paucity of interventional studies targeting osteoporosis in patients with 
COPD. Effective strategies to prevent bone loss and to treat osteoporosis include calcium and vitamin D 

supplementation, hormone replacement when indicated, calcitonin, and biphosphonate administration. 

The results of some of the studies on the treatment of osteoporosis in COPD are reviewed here. With the 
increased awareness by the chest physicians and increased use of preventive strategies, the impact of 

osteoporosis on those patients with COPD should decrease. 
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INTRODUCTION 

Global initiative for chronic obstructive pulmonary disease (GOLD) (Klaus et al 2007) defines chronic 
obstructive pulmonary disease (COPD) as a “preventable and treatable disease with some significant 

extra-pulmonary effects that may contribute to the severity in individual patients. Its pulmonary 

component is characterized by airflow limitation that is not fully reversible. The airflow limitation is 
usually progressive and is associated with an abnormal inflammatory response of the lung to noxious 

particles or gases”. ATS/ERS (Viegi et al 2007) defines COPD as “a preventable and treatable disease 

state characterized by airflow limitation that is not fully reversible. The airflow limitation is usually 
progressive and is associated with an abnormal inflammatory response of the lungs to noxious particles or 

gases, primarily caused by cigarette smoking. Although COPD affects the lungs, it also produces 

significant systemic consequences". 

COPD is responsible for early mortality, high death rates and significant cost to health systems. The 
projection for 2020 indicates that COPD will be the third leading cause of death worldwide (from sixth in 

1990) and fifth leading cause of years lost through early mortality or handicap in terms of disability-

adjusted life years(DALY) (12
th

 in 1990) (Raherison and Girodet 2009). It is estimated that there are 
around 1.49 crore cases of COPD in India in the age group of 30 years and above, and these are projected 

to increase by nearly 50% by the year 2016, including „severe‟ cases, some of whom may require greater 

levels of care, including hospitalization (Murthy and Sastry 2005). COPD is a costly disease. In 

developed countries, exacerbations of COPD account for the greatest burden on the health care system. In 
the European Union, the total direct costs of respiratory disease are estimated to be about 6% of the total 

health care budget, with COPD accounting for 56% (€ 38.6 billion) of the cost of respiratory diseases 

(National Heart, Lung, and Blood Institute 1998). In India roughly Rs 32,000 is the annual cost of 
treatment for acute cases of COPD that involve hospitalization (Murthy and Sastry 2005).  

Comorbidities, defined as other chronic medical conditions, including coronary artery disease, diabetes 

mellitus, osteoporosis and muscle weakness, are common in chronic obstructive pulmonary disease .Van 
Manen et al., (2001)

 
 reported that over 50% of 1,145 patients with COPD had 1 to 2 comorbidities, 

15.8% had 3 to 4 comorbidities, and 6.8% had 5 or more comorbid conditions. Older patients frequently 

have multiple chronic health conditions and the severity of comorbid conditions and their impact on a 
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patient‟s health status will vary between patients and in the same patient over time. Here we have 

reviewed osteoporosis, which is one of the important co-morbid conditions in COPD that leads to 

impaired quality of life in these individuals. 

Osteoporosis in COPD 

Osteoporosis in patients with COPD is a consequence of various factors: some  of these factors have been 

present throughout the life of the patient, others exists due to the disease process itself and some factors 
are specific to the lung disease like smoking, increased alcohol intake, Vitamin D levels, genetic factors, 

treatment with corticosteroids, reduced skeletal muscle mass and strength, low BMI and changes in body 

composition, hypogonadism, reduced levels of insulin-like growth factors, chronic systemic inflammation 

(Ionescu and Schoon 2003).  

Prevalence of Osteoporosis in COPD 

The prevalence of osteoporosis in COPD varies between 4% and 59%, depending on the diagnostic 

methods used, the population studied, and the severity of the underlying respiratory disease (Lehouck A 
et al., 2011).

 
Overall, a higher prevalence of osteoporosis is generally found in patients with COPD when 

compared with healthy control subjects. Jorgenson et al., (2007) examined the relationship between the 

severity of COPD and osteoporosis and found increased incidences of osteopenia and osteoporosis with 
advancing COPD stage. Only COPD stage III and IV patients were included in the study, and patients 

with already known osteoporosis were excluded. Of the 62 evaluable patients, 68% had either low bone 

mass (osteopenia or osteoporosis) or a previously undiagnosed vertebral fracture, with 25% of the 

included patients having a vertebral fracture. Thus, a large number of the COPD patients in this study had 
established osteoporosis and were in need of anti-osteoporotic treatment – this was the case for both 

glucocorticoid-treated patients and glucocorticoid-naive patients. Based on these findings it seems 

reasonable to screen all stage III and IV COPD patients for osteoporosis. Analyzing the results from the 
TORCH study (Ferguson GT et al 2009), it was observed that there was higher prevalence of osteoporosis 

and osteopenia in patients with COPD. A total of 658 patients (a subset of 6,184 international subjects in 

TORCH) from 88 US centers were involved in the study.  At baseline, the overall prevalence of 

osteoporosis and osteopenia was high (65%). More women (30%) than men had osteoporosis (18%). In 
contrast the prevalence of osteopenia was comparable between men (42%) and women (41%). In a recent 

study by Forli L
 
(2008), patients with advanced pulmonary disease who were considered for lung 

transplantation were subjected for DEXA scan. Of the total 40 patients, 59% of the patients had 
osteoporosis and 38% had osteopenia. Mineo et al (2005) studied BMD in similar group of patients who 

were awaiting lung volume reduction surgery in COPD patients. Of the 70 male patients, 49% of them 

had osteoporosis and 35% of them had osteopenia. The patients in both the above two studies belong to 
advanced stage of COPD. Two other studies (Incalzi RA et al 2000, Katsura H and Kida K 2002) 

 
also  

found a relatively high prevalence of osteoporosis in COPD patients ( 49% and 60% respectively). 

Karadag et al (2003)
 
compared bone mineral density (BMD) in COPD patients receiving regular therapy 

and tried to identify the patients for BMD screening. Twenty-eight male, clinically stable COPD patients 
(mean age, 63 ± 9 years) and 20 male volunteer subjects with normal pulmonary function, as a control 

group (mean age, 63 ± 5 years) were admitted to the study. The BMD of the COPD patients and control 

subjects was measured by dual X-ray absorptiometry. It was observed that in COPD patients, 35% and 
10% of patients had lumbar and femoral osteoporosis, while another 42% and 62% of patients had 

osteopenia respectively. The prevalence of osteoporosis and osteopenia in control subjects were 40% and 

15% for lumbar and femoral osteoporosis respectively, while for osteopenia the rates were 40% and 50% 
respectively. Thus there was no statistically significant difference between the BMD values of the COPD 

and control groups. Lumbar BMD was 0.871g/cm2 in the COPD patients  and 0.853g/cm2 in the control 

group (P <0.682); femoral BMD was 0.790g/cm2  in the COPD patients and 0.795g/cm2 in the control 

group (P < 0.909). They have concluded that the risk of osteoporosis is not increased in appropriately 
treated patients with moderate degree COPD, and there is no indication for bone mass screening in this 

group.  
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Pathogenesis of Osteoporosis in COPD 

Bone is generally classified into two types. Cortical bone is a dense and strong bone found primarily in 

the shaft of long bones. Trabecular bone is more porous or weak and typically occurs at the ends of long 
bones and within the interior of vertebrae and flat bones. Bone tissue is continuously renewed throughout 

life and it is estimated that in adults, approximately 25% of trabecular bone and 3% of cortical bone is 

replaced every year. After reaching peak bone mass at the age of 25 to 30 years, remodeling is associated 
with an imbalance between formation and resorption, resulting in a mean annual bone loss of 0.5% to 1%, 

which differs by sex, skeletal site, and age. Key determinants of the rate of bone remodeling and bone 

loss are parathyroid hormone (PTH), vitamin D, and sex hormones (Sambrook P and Cooper C 2006).  At 

the cellular level, bone remodeling is a complex interplay in which osteoblasts, osteoclasts, and 
osteocytes work together. Basically, osteoclasts resorb bone and osteoblasts replace bone by forming an 

osteoid protein matrix that subsequently mineralizes, whereas osteocytes and their canalicular network 

serve as sensors to adjust bone response to mechanical stimuli. On their surface, osteoblasts constitutively 
express the receptor activator of nuclear factor- k B ligand (RANKL). When binding to its receptor 

(receptor activator of nuclear factor- k B [RANK]) on the surface of preosteoclast cells, the latter 

differentiate into mature and activated osteoclasts. Additionally, osteoblasts but also stromal cells secrete 
a soluble decoy receptor, osteoprotegerin (OPG), which blocks the RANK/RANKL interaction, thereby 

acting as a physiologic regulator of bone turnover (Lacey DL
 
et al 1998). Imbalance between RANKL 

and OPG results in excessive activity of osteoclasts and is considered a major cause of osteoporosis 

(Leibbrandt A and Penninger JM (2008). Another pathway that is less well understood is the Wnt/ b -
catenin signaling cascade downstream of a number of osteoblast-activating proteins and receptors. Wnt 

signaling activates osteoblasts and bone formation, whereas reduced Wnt signaling may lead to 

osteoporosis (Patel MS and Karsenty G 2002). Several factors that have often been described in COPD 
patients (i.e. systemic inflammation, use of corticosteroids, and vitamin D deficiency) clearly interact 

with these pathways which are diagrammatically represented below (Schellevis FG
 
1994) (Fig-1). 

Systemic inflammation: Systemic inflammation is thought to play an important role in the development 

of osteoporosis in COPD (Biskobing DM 2002). Key inflammatory cytokines such as tumor necrosis 
factor a and IL-6 are known to induce expression of RANKL and RANKL-mediated bone resorption 

(Hardy R and Cooper MS 2009). In addition, many other cytokines have been found to interact with the 

OPG/RANKL system, supporting the concept that inflammatory mediators contribute to the regulation of 
bone remodeling (Lorenzo J et al

  
2008). Recent data from the arthritis field also demonstrate that 

inflammation can also trigger the Wnt/ b -catenin pathway (Diarra D
 
et al 2007). 

Use of Corticosteroids: Several in vitro and in vivo studies have demonstrated profound effects of 
glucocorticosteroids (GCSs) on bone turnover by different mechanisms. GCSs preferentially affect 

trabecular bone because of its higher metabolic activity, but with prolonged use, cortical bone is also 

affected (Canalis E
 
et al 2007). Briefly, GCSs rapidly increase the expression of RANKL and macrophage 

colony-stimulating factor, while decreasing the expression of OPG. Along with reduced apoptosis of 
mature osteoclasts, enhanced and prolonged resorption occurs, which gradually slows down during 

continued use of GCSs because of the inhibition of osteoclast precursors (Weinstein RS
 
et al 2002). In a 

second phase, inhibition of proliferation, differentiation, and maturation of osteoblasts leads to long-
lasting impairment of bone formation (Eijken M et al 2007).  In this process, inhibition of the Wnt/b -

catenin pathway is likely to be involved (Ohnaka K
 
et al 2005). GCSs also exert negative effects on 

osteocytes, resulting in a modification of their microenvironment that may alter their mechano- sensor 
function and render the bone more susceptible to fragility fractures. 

Vitamin D Deficiency: Vitamin D plays a key role in the regulation of calcium and bone homeostasis 

(Lips P 2001).  Low levels of vitamin D stimulate the parathyroid glands to increase secretion of PTH to 

compensate for the low bioavailability of calcium. More importantly, PTH induces renal 1-
alphahydroxylase expression, with consequent production of active 1,25 dihydroxyvitamin D 

(1,25[OH]2D). 1,25(OH)2D enhances intestinal calcium absorption. It also acts on the immature 
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osteoblastic cells to stimulate osteoclastogenesis through the RANKL/RANK regulatory system, finally 

resulting in enhanced bone resorption and mobilization of calcium from the bone compartment. Resulting 

higher levels of calcium and 1,25(OH)2D then downregulate PTH secretion and prevent unlimited 
resorption of bone. In addition, several reports indicate that 1,25(OH)2D enhances OPG expression in 

mature osteoblasts, thus further reducing osteoclastogenesis in vivo (Baldock PA
 
et al 2006). 

Risk Factors For Osteoporosis In COPD 
There are numerous risk factors that contribute to the pathophysiology of osteoporosis seen in COPD 

patients. These risk factors include smoking, vitamin D deficiency, low body mass index (BMI), 

hypogonadism, decreased mobility and glucocorticoid use as the disease progresses
21

. Most of the risk 

factors for osteoporosis coincide with COPD, especially at more severe stages of COPD, thus it is 
obvious that COPD and osteoporosis are strongly linked (Lehouck A

 
et al 2011). (Fig- 2). 

i) Smoking: Smoking has been shown to be an independent risk factor for osteoporosis in both men and 

women. Slemenda et al (1989) reported that lumbar spine BMD was 12% lower in smokers who have 
smoked 20 pack-years compared to nonsmokers. Seeman et al (1983) reported a 2.3-fold increased risk of 

vertebral fractures among long term smokers. Cooper et al (1988)
 
reported a 1.7-fold increased risk for 

hip fractures among smokers. The pathophysiologic mechanism for the lower bone mass and increased 
fracture risk in smokers is unclear. One study by Krall EA and Dawson-Hughes B (1991) 

 
has shown 

evidence of decreased calcium absorption in the GI tract in smokers compared to nonsmokers. The 

combination of tobacco and alcohol use markedly increases the risk for osteoporosis. Alcohol use has 

been shown to be independently related to bone loss in a dose-dependent manner (ie, greater rates of bone 
loss are seen in those persons who consume higher amounts of alcohol) (Slemenda CW

 
et al 1992). 

ii) Vitamin D Deficiency: Vitamin D plays a vital role in the normal mineralization of bone matrix (Reid 

IR 1996). Vitamin D deficiency, which may lead to decreased mineralization of bone and contribute to 
decreased BMD, appears to contribute to the declining BMD that is associated with COPD. Riancho et al 

(1987)
 
 reported significantly decreased 25-hydroxyvitamin D levels in a group of men with COPD who 

were not receiving long-term glucocorticoid therapy compared to control subjects of a similar age. In 

another study by Shane E
 
et al (1996), it was observed that 35% of severe COPD disease had markedly 

low 25 hydroxyvitamin D levels (ie, ≤ 10 ng/mL). Thus, vitamin D deficiency may contribute to the 

decreased BMD associated with COPD due to less sun exposure and poor nutrition as a result of 

decreased functional status. 
iii) Body Mass Index: Bone mass is directly correlated with BMI. Both men and women with higher 

BMIs have higher BMD. This is thought to be partially due to the effect of the greater weight-bearing 

load on the bone. In addition, estrogen levels tend to be higher in obese people due to the increased 
aromatization of testosterone to estrogen in adipose tissue (Cauley JA

 
et al 1996). The resulting higher 

estradiol levels may help to explain the higher BMD in obese persons, since estradiol levels in both men 

and women correlate with BMD (Khosla S
 
et al 1998). Malnutrition, as well, may contribute to the low 

BMD associated with low BMI. Many patients with end-stage COPD lose weight as the disease 
progresses due to decreased intake and increased energy requirements (Coin A et al 2000). Iqbal et al 

(1999) 
 
reported that the lowest BMD was seen in a group of patients with BMI below the normal median 

and reported an independent correlation between BMI and BMD ( r ≥ 0.34; p < 0.05). Another recent 
study by Adachi JD (1997) has observed that BMI was the strongest predictor of osteoporosis, in COPD 

patients, with a BMI ≤ 22 having an odds ratio of 4.18 (95% CI, 1.19 to 14.71). 

iv) Hypogonadism: Hypogonadism is a significant cause of osteoporosis. Chronic illness, as well as 
glucocorticoid therapy can cause hypogonadism in both men and women (Lane NE and Lukert BP 1998). 

Studies of healthy young men treated with high-dose glucocorticoids have demonstrated up to a 47% 

suppression of testosterone levels (Doerr P and Pirke KM (1976). The mechanism for the hypogonadism 

is an effect of corticosteroids on both the pituitary gland and the gonads. Corticosteroid use decreases 
gonadotropin (ie, leutenizing hormone and follicle-stimulating hormone) secretion from the pituitary 

gland. In addition, there is a direct effect of glucocorticoids to decrease estrogen and testosterone 
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production in response to gonadotropins (Hsueh AJW and Erickson GF (1978). The combination of these 

effects results in hypogonadism. If left untreated, this will contribute to accelerated bone resorption as 

well. 
v) Immobility and Decreased Muscle Strength: Normal weight-bearing activity has been shown to be 

required for maintenance of bone mass. Complete immobilization such as in paralysis or in experimental 

settings has been shown to accelerate bone turnover, resulting in decreased BMD (Kiratli BJ 1996). Most 
patients with COPD are not completely immobilized; however, advanced COPD often is associated with 

decreased functional status and mobility. The decreased exercise tolerance is due to multiple factors, 

including dyspnea and deconditioning due to respiratory and peripheral skeletal muscle weakness. The 

decreased activity and muscle strength may increase their risk for falls and fractures, and various studies 
(Slemenda CW

 
 et al 1989) have demonstrated an inverse correlation between hip fracture risk and 

activity level. Decreased activities such as standing, walking, stair climbing, and housework, as well as 

decreased grip strength and ability to rise from a chair, have been shown to be associated with a 
significantly increased risk for hip fracture in postmenopausal women (Gregg EW

 
et al 1998). 

vi) Glucocorticoids : Glucocorticoid-induced osteoporosis is well documented in the literature. Patients 

placed on high-dose glucocorticoid therapy exhibit a rapid loss of BMD within the first 6 months. Normal 
bone metabolism is a result of the equilibrium between bone formation by osteoblasts and bone resorption 

by osteoclasts (Hurley DL and Khosla S 1997). The mechanism of bone loss induced by glucocorticoids 

is twofold, with decreased bone formation and increased bone resorption. Bone formation is decreased 

through the inhibition of osteoblast function (Canalis E 1996). This has been demonstrated on 
histomorphometric analysis of bone biopsy specimens and with decreased levels of osteocalcin, a 

biochemical marker of bone formation (Ebeling PR
 
et al 1998). The level of the biochemical marker 

osteocalcin was lower than the control level in men with chronic bronchitis who did or did not have a 
history of glucocorticoid use (Praet JP

 
et al 1992). The accelerated bone resorption seen with 

glucocorticoid therapy appears to be due to secondary hyperparathyroidism
. 

Glucocorticoids decrease 

intestinal calcium absorption and increase urinary calcium excretion, causing a rise in parathyroid 

hormone levels, which stimulates bone resorption. The elevation in parathyroid hormone level activates 
osteoclasts and accelerates bone resorption (Lane NE and Lukert BP 1998). Many studies have been done 

till date for evaluation of various correlates for development of osteoporosis in COPD. Bolton et al (2004) 

have observed that BMI (OR: 0.79) and % ideal body weight (OR: 0.93) were significantly associated 
with development of osteoporosis in COPD patients. Another study by Dubois et al (2002) analyzed 1222 

COPD patients for the evaluation of osteoporosis. They observed that cumulative dose of steroids 

>1000mg (OR: 0.48) and low BMI (OR: 0.65) to be the independent risk factors for development of 
osteoporosis in COPD. In another recent study by Graat-Verboom L

 
(2009), independent predictors of 

osteoporosis in COPD observed were: cachexia (OR: 12.1; 95% CI: 4.5-32.7; p < 0.001), age between 55 

- 65 years (OR: 6.0; 95% CI: 2.2-16.3; p < 0.001), and over 65 years (OR: 11.7; 95% CI: 4.1-33.1; p 

<0.001). Overweight (OR: 0.1; 95% CI: 0.05-0.4; p <0.001) and obesity (OR: 0.78; 95% CI: 0.02-0.4; p 
<0.002) showed a substantial protective effect against development of osteoporosis. Vrieze et al (2007) 

observed that the patients having COPD with Stage III (OR: 2.4), and Stage IV (OR: 7.6), and those with 

low fat free mass (OR: 4.9) and low BMI (OR:4.7) were independent correlates for development of 
osteoporosis in COPD. 

 

DIAGNOSIS OF OSTEOPOROSIS 
Dual X-ray absorptiometry (DEXA) is now established as the state-of the-art technology for noninvasive 

determination of bone density. Clinical usefulness of DEXA stems from its role in the diagnosis of 

osteoporosis, assessment of fracture risk, and monitoring of treatment. Because measurement of bone 

mineral density is the only method of diagnosing osteoporosis in asymptomatic people, DEXA scans are 
widely used for that purpose and because bone mineral density (BMD) is the best predictor of risk of 

fracture, measurement of BMD allows estimation of this risk. DEXA scanners are very precise; therefore, 
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BMD measurements obtained with DEXA allows monitoring of patients receiving treatment. In 1994, 

WHO defined the threshold levels for the diagnosis of osteopenia and osteoporosis with DEXA. As a 

consequence, DEXA measurements are currently the standard of reference for the clinical diagnosis of 
osteoporosis with bone densitometry. 

A DEXA scanner (GE Health care lunar prodigy advance, software version ENCORE 2008, version 

12.2), consists of a mobile x-ray source, a couch for the patient, and a detection system that detects 
radiation emerging from the bones being examined. The x-ray source is under the couch and moves 

together with the detection system, which is located opposite the x-ray source and over the patient‟s body. 

DEXA has the distinguishing feature of making use of an x-ray beam composed of two different photon 

energies (constant and pulsed). The energy used is selected to compensate for the different attenuation 
coefficients of the mineralized bone and soft tissues of the skeletal site being analyzed. Practically, the 

intensities of high-energy and low-energy photons are analyzed separately after the protons have passed 

through bones and soft tissue. With use of a particular computing algorithm, the attenuation values of soft 
tissues are subtracted, leaving only the attenuation values of bone. The relationship between the 

attenuation of the skeleton and its BMD is determined by comparing the attenuation values obtained with 

standard values in phantoms of known density (higher attenuation indicates higher density). The original 
DEXA scanners used a pencil-width x-ray beam and a single detector and scanned in a rectilinear fashion 

across the anatomic site. Technical developments in DEXA in recent years include fan-beam x-ray 

sources and a bank of detectors. Fan-beam scanners use wider beams that permit more rapid scanning, 

improved image quality, and a spatial resolution of 0.5–0.7 mm. 
Newer scanners have the capacity to perform lateral scanning. This is permitted by a C-arm structure on 

which the x-ray tube is mounted and that can be rotated 90°. Lateral scanning increases measurement 

accuracy, avoiding the superimposition of posterior vertebral elements, marginal osteophytes, and 
vascular calcifications that may artificially increase bone density at posteroanterior imaging of the lumbar 

spine. DEXA examination yields monoplanar bone density. The measurements provided by DEXA are 

bone mineral content (in grams) and the projected area of the measured site (in square centimeters) 

(Gugliemi G
 
2011). Dividing bone mineral content by the area yields BMD (in grams per square 

centimeter). Consequently, the measurement of areal BMD is significantly affected by bone size, resulting 

in systematic overestimation of density in larger bones and underestimation of density in smaller bones. 

BMD is expressed in terms of standard deviation (SD) as a T score and a Z score. The T score describes 
the difference between the BMD of the patient being examined and the mean BMD of a standard young 

adult population (30 years of age), and refers to the peak of bone mass. The Z score shows the difference 

between the patients‟s BMD and the mean BMD of age- and gender-matched controls. DEXA results are 
reported as numeric values for the T score and Z score and as a graphic curve normalized for gender and 

age (Kanis JA
 
et al 2008). 

 

Table 1: WHO Osteoporosis Definition according to DEXA Scan 

 

T-score What the score means 

2.5SD to -1 SD Normal bone density 

Between -1SD and -2.5SD Osteopenia (low bone density) 

Below -2.5SD Osteoporosis 

 

 

 



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online) 

An Online International Journal Available at http://www.cibtech.org/jms.htm  

2011 Vol. 1 (1) September-December, pp.26-39/Gaude et al. 

Review Article 

32 
 

 

 
 Figure 1. Key mechanisms in the formation of osteoporosis in COPD. 
(OPG =osteoprotegerin; PTH =parathyroid hormone; RANK =receptor activator of nuclear factor kB; 
RANKL =receptor activato of nuclear factor-kB ligand; WNT =Wnt signaling pathway) (Adapted from 

Patel MS and Karsenty G
19

) 

 
 

 
 

 

 

Figure 2. COPD-related risk factors for osteoporosis and its functional consequences. 
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COPD PATIENT 

 

 
    

     DEXA SCAN 

 
 

 
 

 

 
 

 

 

Figure 3 A clinical guidance for the management of Osteoporosis in COPD is summarized in a 

flowchart.        

 

A patient's BMD is given a T-score, which is derived by comparing it to an average score for a healthy 
30-year-old of the same sex and race. The difference between the "normal young" score and the patient's 

score is referred to as a standard deviation (SD). The WHO classifies BMD on the basis of the T score as 

normal (< –1.0 SD), osteopenia (< –1.0 SD but > –2.5 SD), osteoporosis (< –2.5 SD) (Kanis JA
 
et al 

2008). 

This definition is applied to DEXA measurements made in the lumbar spine, proximal femur, and 

forearm, but not to measurements made with other techniques (eg, quantitative CT) or to DEXA 

measurements made at other anatomic sites. 

 

 

 

Vitamin D – 800IU/d 

Calcium – 1 gram/d 

If 3 Minor criteria’s 

present 

T score < - 2.5  OR 

- 2.5 and 1 Major criteria 

T  score -1 to > - 2.5 T score > -1 

Vitamin D – 800IU/d 

Calcium – 1 gram/d 

Biphosphonate 

Major Criteria’s: systemic corticosteroids (3 months/year); major fragility (spine, hip) 

Minor Criteria’s: BMI < 21; current smoking; age >65yrs; menopause; rib fractures;  

                 inactivity; FEV1 < 50%; alcohol intake > 3U/d 
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Patient: AAAAA 

Age: 65 years 
Height / Weight: 145.0cm   55.0 Kg 

Sex / Ethnic: Male    White   

  

Figure 4. Typical DEXA Report of a COPD patient with Osteoporosis  
 

Prevention And Treatment Of Osteoporosis In Copd Patients 

a) Non-pharmacologic Interventions: Physical inactivity, smoking, and poor diet are accepted as 
important domains for intervention in COPD patients, and the benefits of multidisciplinary rehabilitation 

in symptomatic patients have been clearly established (Troosters T
 
et al 2005). The beneficial effects of 

other lifestyle modifications, such as smoking cessation and healthy diet, on osteoporosis and 

osteoporotic fracture occurrence in established COPD should still be confirmed with intervention studies. 
b) Calcium and Vitamin D Supplementation: Supplementation of calcium and vitamin D enhances 

bone density, suppresses bone remodeling, and reduces fracture risk in older individuals (Chapuy MC
 

1992). Higher doses of vitamin D (800IU/day) reduces non-vertebral fractures by approximately 20% and 
hip fractures by approximately 18%, aggressive repletion regimen are recommended when 25-OHD 

levels are below 10 ng/mL (Dawson-Hughes B
 
 2010). Moreover, the effect of high doses of vitamin D 

supplementation is predicted to extend beyond the protection of bone because 1,25-(OH) 2 D may directly 
affect inflammation and interfere with other co-morbidities. 

c) Pharmacologic Therapies 

i) Hormone Replacement: Due to the high incidence of hypogonadism with glucocorticoid use, all 

premenopausal women and men should be monitored for the development of hypogonadism (Lukert BP
 

1992). In premenopausal women, a history of amenorrhea suggests the development of hypogonadism, 

which can be treated with oral contraceptives or hormone replacement therapy (HRT). Postmenopausal 

women should be considered for HRT unless there is a contraindication. HRT has been shown in a small 
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retrospective study (Lukert BP
 
1992) of 15 asthmatic women receiving oral corticosteroids to increase 

spine BMD by 4.1% compared to a 3.4% loss in the control group. An alternative to estrogen therapy is 

raloxifene, a selective estrogen receptor modulator (Clemett D and Spender CM 2000). Raloxifene has 
not been studied in patients with glucocorticoid-induced osteoporosis. Testosterone levels should be 

measured in all men who have osteoporosis. If the level is low, testosterone replacement therapy will be 

beneficial not only by improving BMD but also, possibly, by improving muscle mass and strength 
(Brodsky IG

 
1996). Testosterone therapy has been shown to improve BMD in a crossover study by Doerr 

P and Pirke KM (1976) 
 
of 15 asthmatic men receiving oral glucocorticoid therapy. The spine BMD 

improved 5% after 12 months of testosterone therapy compared to no change in BMD after the 12-month 

control period. 
ii) Calcitonin: Studies evaluating the effectiveness of calcitonin on glucocorticoid-induced bone loss 

have been mixed. Healey et al (1996) randomized patients who were beginning high-dose prednisone 

therapy to receive calcium plus vitamin D vs calcitonin plus calcium and vitamin D for 2 years. Neither 
group showed a significant loss in BMD in the spine or hip over the 2 years, nor there was no difference 

between the groups. Sambrook et al (1993)  randomized patients who were beginning high-dose 

prednisone therapy (aver. 13.5 mg/d) to receive calcium alone, calcium plus calcitriol, or calcium plus 
calcitriol and calcitonin. After 1 year, the BMD in the spine was decreased 4.3 ± 5.5% in the calcium-

alone group, 1.3 ± 5.6% in the calcium-plus-calcitriol group, and 0.2 ± 6.5% in the calcium-plus-

calcitriol-and-calcitonin group. The groups receiving calcium plus calcitriol with or without calcitonin 

had significantly less bone loss than did those receiving calcium alone. However, there was no significant 
difference between patients receiving calcium plus calcitriol alone and those receiving calcium plus 

calcitriol with calcitonin added. Thus, the current data are not definitive regarding the benefits of 

calcitonin in preventing or treating glucocorticoid-induced osteoporosis. 
iii) Bisphosphonates: There is now substantial evidence that the initiation of bisphosphonate therapy 

when glucocorticoid therapy is begun will prevent a significant loss of BMD. In two randomized 

prevention studies (Adachi JD
 
1997, Roux C

 
1998) of patients beginning long-term glucocorticoid 

treatment for rheumatologic diseases (aver. 10 to 23 mg/d prednisone), intermittent etidronate therapy, 
when started within 3 months of glucocorticoid treatment, prevented bone loss compared to calcium 

alone. In another study by Saag KG
 
(1998) comparing the newer bisphosphonate alendronate vs calcium 

and vitamin D in patients receiving glucocorticoid therapy (aver. dose, 8.7 to 10 mg/d) for from < 4 
months to > 12 months, alendronate significantly increased lumbar spine BMD by 2.9% compared to a 

0.4% loss in the calcium-and-vitamin D group. More recently, risedronate has been shown to be effective 

in preventing bone loss in patients receiving glucocorticoid therapy (average dose, 11 mg/d prednisone) 
for ≤ 3 months. The lumbar spine BMD for the placebo group decreased 2.8%, whereas those patients 

receiving 5 mg risedronate showed a 0.6% gain in BMD (Cohen S
 
et al 1999). Finally, there is one small 

study by Boutsen Y
 
(1997) of 27 patients evaluating IV pamidronate for the prevention of glucocorticoid-

induced bone loss. The groups receiving pamidronate showed a significant increase in BMD at all sites 
compared to a significant loss in BMD in the calcium-alone group. Thus there is evidence that 

bisphosphonate therapy can improve BMD in patients with established bone loss due to glucocorticoid 

therapy.  

Recommendations for management of osteoporosis in COPD
 

Preventive strategies to decrease osteoporotic fractures in those patients with COPD should begin with 

screening for the disease. Ideally, BMD should be measured prior to initiating therapy, especially in those 
patients at highest risk such as postmenopausal women. BMD measurement also should be considered in 

COPD patients at high risk for osteoporosis such as those receiving high-dose inhaled glucocorticoid 

therapy, postmenopausal women, premenopausal women, or men with hypogonadism, low BMI, or a 

history of osteoporotic fracture. Following are the recommendations to decrease osteoporosis risk in 
COPD. 

i) Measure BMD in the following high-risk patients at baseline: 
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 Those on chronic oral glucocorticoids or high-dose inhaled glucocorticoids 

 Postmenopausal women 

 Premenopausal women with amenorrhea 

 Hypogonadal men 

 History of fracture 

 BMI < 22 

ii) Follow BMD every 6–12 mo in those receiving oral glucocorticoids or every 12–24 months in 

those not taking oral glucocorticoids. 

iii) Give supplements to ensure daily intake of 1,000–1,500 mg calcium and 400–800 IU vitamin D. 
iv) Encourage an exercise program to improve strength and balance. 

v) Offer gonadal hormone replacement to all postmenopausal women, premenopausal women with 

amenorrhea, and hypogonadal men (unless contraindicated). 
vi) Consider bisphosphonates or calcitonin in patients with osteoporosis or in high-risk patients in 

whom HRT is not effective or indicated. 

 

REFERENCES 
Adachi JD (1997). Corticosteroid induced osteoporosis. American Journal of Medical Science 313:41–

49. 

Adachi JD, Bensen WG, Brown J,Hanley D, Hodsman A, Josse R, et al (1997). Intermittent etidronate 
therapy to prevent corticosteroid induced osteoporosis. New England Journal of Medicine  337:382–387. 

Baldock PA, Thomas GP, Hodge JM, Baker SU, Dressel U and O’Loughlin PD (2006). Vitamin D 

action and regulation of  bone remodeling: suppression of osteoclastogenesis by the mature osteoblast. 
Journal of Bone Mineral Research 21(10):1618 - 1626. 
Biskobing DM (2002). COPD and osteoporosis. Chest 121(2):609 - 620. 

Bolton CE, Ionescu  AA, Shiels KM, Pettit RJ, Edward PH, Stone MD, et al (2004). Associated loss 

of fat-free mass and bone mineral density in chronic obstructive pulmonary disease. American Journal of 
Respiratory and Critical Care Medicine 170:1286–1293. 
Boutsen Y, Jamart J, Esselinckx W, Stoffel M and Devogelaer JP (1997). Primary prevention of 

glucocorticoid-induced osteoporosis with intermittent intravenous pamidronate: a randomized trial. 
Calcified Tissue International 61:266 –271. 

Brodsky IG, Balagopal P and Nair KS (1996). Effects of testosterone replacement on muscle mass and 

muscle protein synthesis in hypogonadal men: a clinical research center study. Journal of Clinical 
Endocrinology and Metabolism 81:3469 –3475. 

Canalis E (1996). Mechanisms of glucocorticoid action in bone: implications to glucocorticoid-induced 

osteoporosis. Journal of Clinical Endocrinology and Metabolism 81:3441–3447. 

Canalis E, Mazziotti G, Giustina A and Bilezikian JP (2007). Glucocorticoid induced            
osteoporosis: pathophysiology and therapy. Osteoporosis International 18(10):1319 – 1328. 

Cauley JA, Salamone LM and Lucas FL (1996). Postmenopausal endogenous and exogenous 

hormones, degree of obesity, thiazide diuretics, and risk of osteoporosis. In: Osteoporosis, edited by 
Marcus R, Feldman D and Kelsey J. (Academic Press Publishers, New York) 551 –576. 

Chapuy MC, Arlot ME, Duboeuf  F, Brun J, Crouzet B, Arnaud S,  et al (1992).  Vitamin D3 and 

calcium to prevent hip fractures in the elderly women. New England Journal of Medicine 327 (23):1637 - 

1642. 
Clemett D and Spender CM (2000). Raloxifene: a review of its use in postmenopausal osteoporosis. 

Drugs 60:379 –411. 

Cohen S, Levy RM, Keller M, Boling E, Emkey RD, Greenwald M, et al (1999). Risedronate therapy 
prevents corticosteroid-induced bone loss: a twelve-month, multicenter, randomized, double-blind, 

placebo-controlled, parallel-group study. Arthritis and Rheumology 42:2309 –2318. 



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online) 

An Online International Journal Available at http://www.cibtech.org/jms.htm  

2011 Vol. 1 (1) September-December, pp.26-39/Gaude et al. 

Review Article 

37 
 

Coin A, Sergi G, Beninca P, Lupoli L, Cinti G, Ferrara L, et al (2000). Bone mineral density and 

body composition in underweight and normal elderly subjects. Osteoporosis International 11:1043 –1050. 

Cooper C, Barker DJ and Wickham C (1988). Physical activity, muscle strength, and calcium intake in 
fracture of the proximal femur in Britain. British Medical Journal 297:1443 –1446. 

Dawson-Hughes B, Mithal A, Bonjour JP, Boonen S, Burckhardt P, Fuleihan GEH, et al (2010). 
IOF position statement: vitamin D recommendations for older adults. Osteoporosis International 21 
(7):1151 – 1154. 

Diarra D, Stolina M, Polzer K, Zwerina J, Ominsky MS, Dwver D, et al (2007) . Dickkopf-1 is a 

master regulator of joint remodeling. Natinal Medicine 13(2):156 - 163 .  

Doerr P and Pirke KM (1976). Cortisol-induced suppression of plasma testosterone in normal adult 
males. Journal of Clinical Endocrinology Metabolism 43:622 –628. 

Dubois EF, Roder E, Dekhuijzen PNR, Zwinderman AE and Schweitzer DH (2002). Dual energy x-

ray absorptiometry outcomes in male chronic obstructive pulmonary disease patients after treatment with 
different glucocorticoid regimens. Chest 121:1456-1463. 

Ebeling PR, Erbas B, Hopper JL, Wark JD and Rubinfield AR (1998). Bone mineral density and 

bone turnover in asthmatics treated with long-term inhaled or oral glucocorticoids. Journal of  Bone 
Mineral Research 13:1283 –1289. 

Eijken M, Hewison M, Cooper MS, de Jong FH, Chiba H, Stewart PM, et al (2005).11 beta-

Hydroxysteroid dehydrogenase expression and glucocorticoid synthesis are directed by a molecular 

switch during osteoblast differentiation. Molecular Endocrinology 19(3):621 - 631.  

Ferguson GT, Calverley PMA, Anderson JA, Jenkins CR, Jones PW, Willits LR, et al (2009).  
Prevalence and progression of osteoporosis in patients with COPD: Results from the towards a revolution 

in COPD Health Study (TORCH study). Chest 136;1456-1465.  
Forli L, Mellbye OJ, Halse J,Bjotuft HO, Vatn M and Boe J (2008). Cytokines, bone turnover 

markers and weight change in candidates for lung transplantation. Pulmonary Pharmacology Therapeutics 

21:188-195.  

Graat-Verboom L, Spruit MA, van den Borne BE, Smeenk FWJM, Martens EJ, Lunde R, et al 
(2009). Correlates of osteoporosis in chronic obstructive pulmonary disease: An underestimated systemic 

component. Respiratory Medicine 103(8):1143-1151. 

Gregg EW, Cauley JA, Seeley DG, Ensrud KE and Bauer DC (1998). Physical activity and 
osteoporotic fracture risk in older women. Annals of Internal Medicine 129:81 –88. 

Gugliemi G, Muscarella S and Bazzocchi A (2011). Integrated imaging approach to osteoporosis: State 

of the art review and update. Radiographics 31:1343 – 1364. 
Hardy R and Cooper MS (2009). Bone loss in inflammatory disorders. Journal of Endocrinology 

201(3):309 - 320.   

Healey JH, Paget SA, Williams-Russo P,Spiera H, Mitnek H, Ales K, et al (1996). A randomized 

controlled trial of salmon calcitonin to prevent bone loss in corticosteroid-treated temporal arteritis and 
polymyalgia rheumatica. Calcified  Tissue International 58:73–80. 

Hsueh AJW and Erickson GF (1978). Glucocorticoid inhibition of FSH induced estrogen production in 

cultured rat granulosa cells. Steroids 32:639 –648. 
Hurley DL and Khosla S (1997). Update on primary osteoporosis. Mayo Clinic Proceedings 72:943–

949. 

Incalzi RA, Caradonna P, Ranieri P, Basso S, Fuso L, Pagano F, et al (2000). Correlates of 
osteoporosis in chronic obstructive pulmonary disease. Respiratory Medicine 94:1079 –1084. 

Ionescu AA and Schoon E (2003). Osteoporosis in chronic obstructive pulmonary disease. European 

Respiratory Journal 22(Suppl);64S-75S. 

Iqbal F, Michaelson J, Thaler L, Rubin J, Roman J and Nanes MS (1999). Declining bone mass in 
men with chronic pulmonary disease: contribution of glucocorticoid treatment, body mass index, and 

gonadal function. Chest 116:1616 –1624. 



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online) 

An Online International Journal Available at http://www.cibtech.org/jms.htm  

2011 Vol. 1 (1) September-December, pp.26-39/Gaude et al. 

Review Article 

38 
 

Jørgensen NR, Schwarz P, Holme I, Petersen LJ and Backer V (2007). The prevalence of 

osteoporosis in patients with chronic obstructive pulmonary disease: a cross sectional study. Respiratory  

Medicine 101:177–185.  
Kanis JA, on behalf of the World Health Organization Scientific Group (2008). Assessment of 

osteoporosis at the primary health-care level: technical report. World Health Organization Collaborating 

Centre for Metabolic Bone Diseases, University of Sheffield, UK, 1-70. 
Karadag F, Orhan.C, Yakup Y and Ozgur.G (2003). Should COPD patients be routinely evaluated for 

bone mineral density? Journal of Bone and Mineral Metabolism 21:242–246. 

Katsura H and Kida K (2002). A comparison of bone mineral density in elderly female patients with 

COPD and bronchial asthma. Chest 122:1949–1955. 
Khosla S, Melton LJ, Atkinson E, O’Fallon WB, Klee GG, Riggs BL, et al (1998). Relationship of 

serum sex steroid levels and bone turnover markers with bone mineral density in men and women: a key 

role for bioavailable estrogen. Journal of Clinical and Endocrinology Metabolism 83:2266 –2274. 
Kiratli BJ (1996). Immobilization osteopenia. In: Osteoporosis, edited by Marcus R, Feldman D and 

Kelsey J (Academic Press Publishers, New York) 833 –853. 

Klaus FR, Suzanne H,  Antonio A,  Barnes PJ, Buist AS, Calverley P,  et al (2007). Global    strategy 
for the diagnosis, management, and prevention of Chronic Obstructive Pulmonary Disease. GOLD 

executive summary. American Journal of Respiratory and Critical Care Medicine 176: 532–555. 

Krall EA and Dawson-Hughes B (1991). Smoking and bone loss among postmenopausal women. 

Journal of Bone Mineral Research 6:331–337. 
Lacey DL,  Timms E, Tan HL, Kelley MJ, Dunston CR, Burgess T, et al (1998).  Osteoprotegerin 

ligand is a cytokine that regulates osteoclast differentiation and activation. Cell 93 (2):165 - 176.   

Lane NE and Lukert BP (1998). The science and therapy of glucocorticoid-induced bone loss. 
Endocrinology and Metabolism Clinics of North America 27:465 –483. 

Lehouck A, Boonen S, Decramer M and Janssens W (2011). COPD, Bone Metabolism, and 

Osteoporosis. Chest 139:648-657. 

Leibbrandt A and Penninger JM (2008). RANK/RANKL: regulators of immune responses and bone 
physiology. Annals of New York  Academic Science 1143 :123 - 150.   

Lips P (2001). Vitamin D deficiency and secondary hyperparathyroidism in the elderly: consequences for 

bone loss and fractures and therapeutic implications. Endocrinology Review 22(4): 477 - 501.   
Lorenzo J, Horowitz M and Choi Y (2008). Osteoimmunology: Interactions of the bone and immune 

system.   Endocrinology Research 29(4):403 - 440.   

Lukert BP, Johnson BE and Robinson RG (1992). Estrogen and progesterone replacement therapy 
reduces glucocorticoid-induced bone loss. Journal of Bone Mineral Research 7:1063–1069. 

Mineo TC, Ambrogi V, Mineo D, Fabbri A, Fabbrini E and Massoud R (2005). Bone mineral density 

improvement after lung volume reduction surgery for severe emphysema. Chest 127:1960–1966. 

Murthy KJR and Sastry JG (2005). Economic burden of COPD. In: Burden of diseases in India. 
Published by National Commission on Macroeconomic and Health. (Ministry of Health and Family 

Welfare, Govt. of India, New Delhi) 264-274. 

National Heart, Lung, and Blood Institute (1998). Morbidity and mortality: Chart book on 
cardiovascular, lung, and blood Diseases. U.S. Department. of Health and Human Services, Public Health 

Service (National Institutes of Health, Bethesda, M.D. U.S.A.) 1-45. 

Ohnaka K, Tanabe M, Kawate H, Nawata H and Takayanagi R (2005). Glucocorticoid            
suppresses the canonical Wnt signal in cultured human osteoblasts. Biochemical and Biophysical 

Research Communication 329(1):177 - 181 .   

Patel MS and Karsenty G (2002). Regulation of bone formation and vision by LRP5. New England 

Journal of Medicine 346 (20):1572 - 1574.   
Praet JP, Peretz A, Rozenberg S, Famaey JP and Bourdova P (1992). Risk of osteoporosis in men 

with chronic bronchitis. Osteoporosis International 2:257–261. 



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online) 

An Online International Journal Available at http://www.cibtech.org/jms.htm  

2011 Vol. 1 (1) September-December, pp.26-39/Gaude et al. 

Review Article 

39 
 

Raherison C and Girodet PO (2009). Epidemiology of COPD. European Respiratory Review 18:213–

221. 

Reid IR (1996). Therapy of osteoporosis: calcium, vitamin D, and exercise. American Journal of Medical 
Science 312:278 –286. 

Riancho JA, Macias JG, Del Arco C, Amado JA, Preijanes J, Anton MA, et al (1987). Vertebral 

compression fractures and mineral metabolism in chronic obstructive lung disease. Thorax 42:962–966. 
Roux C, Oriente P, Laan R, Hughes RA, Ittner J, Goemaere S, et al (1998). Randomized trial of 

effect of cyclical etidronate in the prevention of corticosteroidinduced bone loss. Journal of Clinical 

Endocrinology and Metabolism 83:1128 – 1133. 

Saag KG, Emkey R, Schnitzer TJ, Brown JP, Hawkins F, Goemaere, et al (1998). Alendronate for 
the prevention and treatment of glucocorticoid-induced osteoporosis. New England Journal of Medicine  

339:292–299. 

Sambrook P, Birmingham J, Kelly P,Kempler S,Nguyen T, Pocock N,  et al (1993). Prevention of 
corticosteroid osteoporosis: a comparison of calcium, calcitriol, and calcitonin. New England Journal of  

Medicine 328:1747–1752. 

Sambrook P and Cooper C (2006). Osteoporosis. Lancet 367 (9527):2010 - 2018. 

Schellevis FG, Van de Lisdonk EH, Van der Velden J, Hoogbergen SH, Van Eijk JT and Van Weel 

C (1994). Consultation rates and incidence of intercurrent morbidity among patients with chronic disease 

in general practice. British Journal of General Practice 44:259–262. 

Seeman E, Melton LJ, O’Fallon WM and Riggs BL (1983). Risk factors for spinal osteoporosis in 
men. American Journal of Medicine 75:977–983. 

Shane E, Silverberg SJ, Donovan D, Papadopoulas A, Staron RB, Addesso V, et al (1996).  
Osteoporosis in lung transplantation candidates with end-stage pulmonary disease. American Journal of 
Medicine 101:262–269. 

Slemenda CW, Hui SL, Longcope C and Johnston CC Jr (1989). Cigarette smoking, obesity, and 

bone mass. Journal of Bone Mineral Research 4:737 –741. 

Slemenda CW, Christian JC, Reed T, Reistar TK, William CJ and Johnston CC (1992). Long-term 
bone loss in men: effects of genetic and environmental factors. Annals of Internal Medicine 117:286 –

291. 

Troosters T, Casaburi R, Gosselink R and Decramer M (2005).  Pulmonary rehabilitation in chronic 
obstructive pulmonary disease. American Journal of Respiratory and Critical Care Medicine 172 (1):19- 

38. 

van Manen JG, Bindels PJ, IJzermans CJ, van der Zee JS, Bottema BJ and Schade E (2001). 
Prevalence of comorbidity in patients with a chronic airway obstruction and controls over the age of 40. 

Journal of Clinical Epidemiology 54:287–293. 

Viegi G, Pistelli F, Sherrill DL, Maio S, Baldacci S, and Carrozzi L (2007). Definition, epidemiology     

and natural history of COPD. European Respiratory Journal 30:993-1013. 
Vrieze A, de Greef MH, Wijkstra PJ and Wempe JB (2007). Low bone mineral density in COPD 

patients related to worse lung function, low weight and decreased fat-free mass. Osteoporosis 

International 18:1197–1202. 
Weinstein RS, Chen JR, Powers CC, Stewart SA, Landes RD and Bellido T (2002).  Promotion of 

osteoclast survival and antagonism of bisphosphonate-induced osteoclast apoptosis by glucocorticoids . 

Journal of Clinical Investigations 2002;109 (8):1041 - 1048.   
 


