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ABSTRACT
[to be added later]



Osteoporosis from all causes is a major health threat, affecting approximately 20 to 25 million 
persons in the United States (Cunnane and Lane 2000)  An additional 18 million individuals have 
low bone mass, which places them at risk for osteoporosis. (NIH Panel, 2001) Although it was 
once thought to be a disease largely affecting elderly women, osteoporosis is no longer 
considered age- or sex-dependent. (NIH Panel, 2001)

Osteoporosis is a common complication of glucocorticoid treatment, occurring in at least 
50% of patients who require long-term steroid therapy and carrying significant physical as well as 
financial and psychosocial consequences for affected individuals and their families and 
communities. (Lukert and Raisz 1990; Saag et al. 1998, 1999; NIH Consensus Development 
Panel, 2001)  Even more alarming than the impact of the disease itself is the toll osteoporosis 
takes in the form of related fractures.  More than 1.5 million osteoporosis-related fractures occur 
each year in the United States (Lukert and Raisz 1990), with an estimated treatment cost of $10 to 
$15 billion in direct financial expenditures (NIH Panel, 2001). This does not include the indirect 
costs of lost wages and lost productivity of the patient and caregiver, and thus these figures 
represent a significant underestimate of the true impact of osteoporosis in this country.
 Despite the prevalence of glucocorticoid-induced osteoporosis (GIO), its treatment 
remains relatively neglected, and many patients receiving long-term glucocorticoid therapy 
receive no prophylaxis against bone loss. (Brand et al. 1999; Saag et al. 1999; Soucy et al. 2000; 
Valentine and Sninsky 1999; Walsh et al. 1996).  The purpose of this review is to examine the 
mechanism of action and severity of bone loss in GIO, discuss additional risk factors for 
osteoporosis in diseases treated with glucocorticoids, and summarize the findings in recent 
studies of bisphosphonate treatment for osteoporosis, concentrating primarily on studies of 
risedronate, which is currently the only bisphosphonate approved for the prevention of GIO.



GLUCOCORTICOID-INDUCED OSTEOPOROSIS 
Glucocorticoids are used by millions of people in the United States for a wide variety of diseases 
and conditions. Such treatment may be lifesaving and may provide great relief of symptoms to 
patients, but it can also have serious side effects, one of which is osteoporosis (Baxter 2000).  In 
fact, osteoporosis has been called the most predictable and debilitating complication of long-term 
glucocorticoid therapy. (Saag et al. 1998)
 In general the side effects of glucocorticoid therapy are proportional to the steroid dose 
and duration of treatment. (Blair et al. 2000; Reid 2000; van Staa 2000) Virtually all patients who 
receive long-term (>6 months) glucocorticoid therapy in doses >5 mg/d lose bone, with the 
amount of bone loss dependent on the steroid dose. (Reid 2000; van Staa et al. 2000)  Daily doses 
of oral prednisone ≥7.5 mg or more or cumulative doses >10 mg produce the most significant 
osteoporotic effects, and alternate-day administration does not reduce the risk. (Baxter 2000; 
Blair et al. 2000; Kipen et al. 1999; Morand 2000; Reid 2000; Reid et al. 2000; Soucy et al. 2000)
 In some conditions it is possible to administer local steroid treatment, thereby reducing 
the systemic side effects. However, bone loss has also been demonstrated with the use of 
intranasal (Lipworth and Jackson 2000) and inhaled (Bonala et al. 2000; Lipworth 1999; Singh 
and Muskelly 2000; Tattersfield et al. 2001; Wong et al. 2000) steroids, though not all studies 
have shown this (Sorkness 1998).  The evidence of the association between osteoporosis and 
inhaled glucocorticoids is more limited than for oral glucocorticoids (Smith et al. 1999), but it 
appears that decreases in bone mineral density (BMD) are related to a high daily dose of inhaled 
steroids, rather than the duration of the dose (Fairney 1999; Goldstein et al. 1999). Table 1 shows 
the threshold dosages for inhaled glucocorticoids above which significant bone loss is thought to 
occur (Goldstein et al. 1999).
 The usual risk factors for osteoporosis do not apply to GIO. Young patients receiving 
long-term steroid treatment lose bone more rapidly than do older patients and premenopausal 
women; however, postmenopausal women receiving equivalent doses of steroids are more at risk 
for fractures, possibly because of age- and menopause-related bone loss.  Men are equally 
susceptible to the skeletal effects of glucocorticoids—surprisingly, men younger than 50 years 
may lose a higher percentage of bone than postmenopausal women (Blair et al. 2000)—and 
blacks lose bone to an equal extent as whites. (Lukert and Raisz 1990) Non–disease-specific risk 
factors for osteoporosis are shown in Table 2. (Goldstein et al. 1999)

Mechanism of Action
Glucocorticoids inhibit osteoblast formation and bone deposition. Effects may be amplified as a 
result of inhibition of release of growth factors such as insulin-like growth factor-1 (IGF-1) and 
transforming growth factor-β (TGF-β). (Baxter 2000)  In addition, glucocorticoid-related effects 



on excretion of calcium and inhibition of calcium absorption promote a tendency toward 
hypocalcemia, with secondary increases in parathyroid hormone (PTH), which appears to 
increase bone resorption. (Baxter 2000; Blair et al. 2000)  Glucocorticoids can also promote bone 
loss through direct effects on the gonads and inhibition of the release of gonadotropins, thereby 
decreasing levels of testosterone in men and estradiol in women; however, these effects are not 
observed in all cases (Blair et al. 2000; Baxter 2000). Finally, muscle atrophy and subsequent 
wasting, perhaps the most observable consequences of glucocorticoid treatment, result in loss of 
the mechanical stimuli required to generate new bone formation (Table 3) (Blair et al. 2000)

Rate and Severity of Bone Loss
As stated earlier, the severity of bone loss is related to the dose and duration of treatment. (van 
Staa 2000; Reid 2000; Blair et al. 2000) Bone loss is generally greatest during the first 6 months 
of treatment, and an average bone loss of 5% occurs over the first year of long-term treatment 
(Reid 2000; Blair et al. 2000; Reid et al. 2000). Bone loss thereafter is 1% to 2% per year, 
although estimates vary (Baxter 2000; Blair et al. 2000). Trabecular bone (including the proximal 
femur) and the cortical rim of the vertebral body are more susceptible to the effects of steroids 
than the cortical bone of the long bones (Baxter 2000; Reid et al. 2000).  Thus the lumbar spine 
and proximal femur are particularly vulnerable to osteoporosis and related fractures. (Baxter 
2000) 

The bone loss induced by glucocorticoids is substantially reversible after withdrawal of 
treatment. (Reid 2000)  Two studies have shown that after glucocorticoid withdrawal, BMD was 
reversible over approximately the same time span as the loss occurred. (Laan et al. 1993; Rizzato 
and Montemurro 1998) Alternate-day administration of glucocorticoids, however, does not 
decrease bone loss. (Reid 2000)
 This decrease in BMD results in an incidence of fractures that is 2 to 4 times higher in 
patients treated with glucocorticoids than in those who have never received such therapy. (Blair et  
al. 2000) Although the true incidence of osteoporotic fractures from chronic glucocorticoid use is 
unknown, Reid (1997) has estimated that approximately 30% of adults receiving glucocorticoids 
for 5 years or longer experience GIO-related fractures. Saag et al. (1998) placed the incidence 
much higher, at 50% over the course of treatment.  Retrospective cross-sectional studies have 
agreed with these estimates, with results showing that 30% to 50% of patients receiving long-
term glucocorticoid treatment develop fractures. (Cunnane and Lane 2000; Michel et al. 1991; 
Adinoff and Hollister 1997; Blair et al. 2000) 

All fracture types can result in skeletal deformities that cause extreme pain, exacerbate 
the primary autoimmune or inflammatory disease state, and represent a significant financial 
burden. In addition, the estimated incidence of mortality after a hip fracture in patients receiving 



long-term glucocorticoid treatment ranges from 5% to 9% in men older than 50 years and from 
1% to 3% in age-matched women. (Blair et al. 2000)

BONE LOSS AND RISK FACTORS FOR OSTEOPOROSIS IN SPECIFIC DISEASE 
STATES
The risk of osteoporosis is increased by glucocorticoid therapy, but the underlying diseases 
themselves also negatively affect bone health.  Thus even patients receiving only rescue or very-
low-dose steroid therapy may have a greater risk for osteoporosis than previously realized.  Long-
term glucocorticoid treatment is used for a wide variety of disease states, including liver 
disorders, gastrointestinal disorders, rheumatologic disorders, adrenal insufficiency, renal 
diseases, and pulmonary disorders, and in post-transplant patients. These disease states and some 
associated additional risk factors for osteoporosis are summarized in Table 4.  

Liver Disorders
Maintenance of optimal bone status is indicated for all patients with chronic liver disease. 
(Wolfhagen et al. 2000)  Metabolic bone disease, primarily osteoporosis, is a well-known 
complication of primary biliary cirrhosis (PBC), which primarily affects elderly women, who are 
naturally prone to osteoporosis. Patients with PBC exhibit few signs of osteoporosis at the time of 
presentation, but because of their predilection to its development, it is even more important to 
take early measures to prevent the development of this disease.  Patients with late-stage disease 
have significantly lower spinal body mass than patients with early-stage disease, and the duration 
of PBC is significantly longer in PBC patients with osteoporosis than in those without. The rate 
of vetebral bone loss in women with PBC is twice that in healthy women, and between 12% and 
50% of all PBC patients have osteoporosis or a BMD below the fracture threshold. (Wolfhagen et 
al. 2000) One study found that the prevalence of skeletal fractures in patients with chronic liver 
disease was twice that of healthy controls matched for age, sex, and menopausal status. (Diamond 
et al. 1989)  

Although PBC has traditionally been associated with osteoporosis, other chronic liver 
disorders (eg, primary sclerosing cholangitis, chronic autoimmune and viral hepatitis, 
hemochromatosis, and alcohol-related liver disease) are equally associated with osteoporosis. 
(Wolfhagen et al. 2000)  The problem of osteoporosis appears to have become less serious in 
patients with chronic liver disease since the introduction of liver transplantation, which has 
reduced the overall numbers of patients with longstanding, advanced disease. However, it is even 
more important to prevent loss of bone mass in these patients, as bone status is severely 
compromised by the liver transplantation procedure itself. (Wolfhagen et al. 2000)  



Gastrointestinal Disorders
Inflammatory bowel disease (IBD) (eg, Crohn's disease and ulcerative colitis) is associated with 
decreased BMD and an increased risk of osteoporosis. (Scharla et al. 1994)  The pathophysiology 
is unknown but is probably a combination of several factors: the inflammatory process itself and 
its attendant release of cytokines may have a direct effect on bone mineralization, and bone 
formation may be inhibited by episodes of malabsorption and malnutrition and periods of 
physical inactivity during acute relapse. (Cowan et al. 1997)  Bone turnover in IBD is 
characterized by low bone formation in the presence of normal levels of calcium-regulating 
hormones (Abitbol et al. 1995) but is significantly higher in patients with ulcerative colitis than in 
those with Crohn's disease (Ardizzone et al. 2000).  In addition to these factors, IBD often 
necessitates treatment with relatively high doses of steroids for prolonged periods of time, placing 
patients at further risk of osteoporosis. (Cowan et al. 1997)

The low BMD common in patients with inflammatory bowel disease exposes them to a 
risk of fracture. (Pigot et al. 1992; Robinson et al. 1998) One study found that BMD was more 
than 2 SD below normal in 23% of patients, all of whom who had received steroid therapy, but 
did not differ in the 29% of patients who had never received steroids. (Pigot et al. 1992)  Another 
study found that BMD was reduced by 11% in IBD patients compared with healthy controls. 
(Scharla et al. 1994) 
 Patients with IBD have lower serum levels of vitamin D, despite comparable levels of 
vitamin D intake, when compared with healthy controls. (Silvennoinen 1996)  It has generally 
been thought that malabsorption of calcium and secondary hyperparathyroidism contribute to the 
lower bone mass seen in IBD patients (Kelts et al. 1979; Bjarnason et al. 1997; CHC: Need refs. 
here; these refs. cite someone else, but I only have the abstract for the refs. and thus don’t 
know what refs. they cite.), although some studies (Scharla et al. 1994; Silvennoinen 1996) have 
not shown this.  Major determinants of BMD in patients with Crohn's disease are body weight, 
current steroid use, and cumulative steroid dose. Men with Crohn's disease are at greatest risk of 
osteoporosis, with jejunal involvement and previous bowel resection also contributing to low 
BMD. (Robinson et al. 1998) Children with IBD frequently have a delayed and truncated pubertal 
growth spurt, which may have adverse effects on their achievement of peak bone mass.  These 
factors in childhood may predispose these patients to osteopenia and osteoporosis and increase 
their risk of fracture in later adult life. (Cowan et al. 1997)
 Despite the high prevalence of osteopenia or osteoporosis in patients with IBD, few 
patients receive prophylactic therapy for the prevention and treatment of GIO. (Valentine and 
Sninsky 1999).

Rheumatologic Disorders



Rheumatoid Arthritis. Although low-dose glucocorticoids have an undisputed role in the 
temporary (up to 1 year) relief of symptoms in rheumatoid arthritis (RA) patients, in clinical 
practice long-term (>1 year) use of such treatment is the rule rather than the exception. (Laan et 
al. 1999; Morand 2000)  One study has shown that the incidence of osteoporosis in RA patients 
aged 20 to 70 years is twice that in similar healthy controls (Haugeberg et al. 2000) Among 
female RA patients taking ≥5 mg of prednisone daily, the 5-year probability of fracture is 34%. 
(Michel et al. 1991) 

Rheumatoid arthritis patients are at an increased risk for osteoporosis due to disease-
related release of interleukin-1 (IL-1), IL-6, and tumor necrosis factor-α (TNF-α) from synovial 
macrophages, fibroblasts, and T cells; this process is thought to contribute to both periarticular 
and generalized bone loss. (Dequeker et al. 1995; Cunnane and Lane 2000)  Furthermore, the 
disability caused by pain and inflammation is inversely related to BMD in RA patients. 
(Sambrook et al. 1987). These factors are exacerbated by long-term glucocorticoid therapy.  

Sex hormone status, which is an important determinant of low BMD in women, may also 
play a role in the pathogenesis of low BMD in RA patients. (Fiter et al. 2000) Adrenal androgens 
may contribute to the maintenance of bone mass after menopause, and lower levels of such 
androgens as dehydroepiandrosterone (DHEAS) and androstenedione (AND), which are 
correlated with lower femoral BMD, may be a risk factor for osteoporosis in postmenopausal RA 
patients. (Fiter et al. 2000; Nordin et al. 1985)  However, lower DHEAS and AND levels appear 
to be related to the use of glucocorticoids and not to the underlying disease.  (Fiter et al. 2000) 
Other risk factors for fracture in RA patients include duration of glucocorticoid therapy, previous 
diagnosis of osteoporosis, disability, age, lack of physical activity, female sex, disease duration, 
impaired grip strength, and low body mass.  (Michel et al. 1993) 

Although many rheumatology patients have multiple risk factors for osteoporosis and 
fracture, physicians only infrequently prescribe anti-osteoporotic medications (Brand et al. 1999; 
Soucy et al. 2000).  Any such medications that are prescribed consist largely of hormone 
replacement therapy in postmenopausal women (Brand et al. 1999); thus a large proportion of 
RA patients are placed at even greater risk of osteoporosis and fracture.  

Systemic Lupus Erythematosus.  The true incidence of osteoporosis in systemic lupus 
erythematosus (SLE) is unknown (Cunnane and Lane 2000), but musculoskeletal damage remains 
one of the major sequelae of SLE (Petri 1995) Although nearly all studies performed on SLE 
patients show decreased bone mass at either the lumbar or femoral level, the prevalence of 
osteoporosis in these studies varies, largely due to small sample sizes and inclusion of patients 
never treated with glucocorticoids. (Sinigaglia et al. 1999)  Sinigaglia and coworkers (1999) 
found that osteoporosis was a frequent manifestation in SLE patients, occurring in 23% of those 
studied. 



The inflammatory process of the disease itself may negatively influence bone loss 
through induction of bone-resorbing mediators such as IL-1, IL-6, and TNF-α, which may alter 
bone metabolism and influence the development of osteoporosis. (Cunnane and Lane 2000; 
Sinigaglia et al. 1999)  B-cell lymphokine–mediated bone resorption has also been observed in 
lupus patients. (Tanaka et al. 1989)  Kidney damage in SLE may result in an impaired ability to 
manufacture calcitriol, which, over time, may lead to secondary hyperparathyroidism and 
increased osteoclastic bone resorption. In patients with severe renal disease, aluminum-containing 
agents administered to prevent phosphorus absorption from the gastrointestinal tract interfere 
with bone formation. Additional factors contributing to osteoporosis in these patients include 
acidosis, iron accumulation, and deficiencies in growth factors. (Cunnane and Lane 2000)

Bone loss and osteoporosis in SLE patients are also related to disease severity as 
measured by the Systemic Lupus International Collaborating Clinics/American College of 
Rheumatology Damage Index for SLE (SLICC/ACR) score (Gladman et al. 1996), which can be 
used to identify patients with severe disease. (Sinigaglia et al. 1999; Kipen et al. 1998)  Because 
of their extensive use, glucocorticoids are thought to be the most frequent cause of drug-related 
osteoporosis in SLE and may be responsible for much of the bone loss seen in SLE patients. 
(Cunnane and Lane 2000) One study found that steroid exposure was the only treatment-related 
variable that exerted an influence on the development of osteoporosis in SLE patients. (Sinigaglia 
et al. 1999)

Medications other than glucocorticoids may also contribute to the development of 
osteoporosis in SLE patients. Methotrexate, often used as steroid-sparing therapy, is linked to the 
development of osteoporosis, bone pain, and fractures when given in high doses.  Anticonvulsants 
and anticoagulants used to treat the complications of SLE may also decrease BMD.  (Cunnane 
and Lane 2000)

In addition to glucocorticoid treatment, patients with SLE have other risk factors for 
osteoporosis.  Those with photosensitivity must avoid sunlight and may have an associated 
vitamin D deficiency. Joint or muscle inflammation, pain, and fatigue all contribute to poor 
mobility, making it difficult for these patients to participate in the weight-bearing exercise needed 
to maintain bone health. Estrogen, which may be involved in the pathogenesis of SLE, is also 
implicated in bone loss, as mouse models of SLE have shown a relatively high estrogenic and low 
androgenic hormonal environment. (Cunnane and Lane 2000; van Vollenhoven et al. 1994)  In 
addition, SLE frequently appears in young persons before the achievement of peak bone mass, 
reducing their chance of having normal BMD. (Cunnane and Lane 2000)  

The marked increase in survival rates over the past few decades has sparked interest in 
factors affecting long-term morbidity. (Sinigaglia et al. 1999)  Two recent studies have shown that 
BMD is negatively correlated with cumulative glucocorticoid intake and is significantly 



decreased in premenopausal SLE patients when compared with healthy age-matched controls. 
(Jardinet et al. 2000; Sinigaglia et al. 1999)  This has important implications, since SLE 
predominantly affects fertile women. Because a growing number of SLE patients are expected to 
reach menopause, bone loss in these patients represents an additional clinical challenge. 
(Sinigaglia et al. 1999)  Therefore, preventive osteoporosis treatment should be given to all 
premenopausal SLE patients who are prescribed glucocorticoids. (Jardinet et al. 2000) Two 
studies have shown the effectiveness of bisphosphonate treatment in preventing loss of BMD and 
reducing the incidence of fractures. (Boutsen et al. 1997; Saag et al. 1998)

Adrenal Insufficiency
Historically patients in need of replacement therapy for hypoadrenalism have received 
hydrocortisone 20 to 30 mg daily, a dosage selected because it had been shown to be equivalent to 
classical estimates of the daily secretion rate of cortisol. (Jeffcoate 1999)  However, several 
researchers and at least one study support the belief that such doses are too high (Esteban et al. 
1991; Zelissen et al. 1994; Florkowski et al. 1994; Peacey et al. 1997)  A second difficulty is that 
the aim of treatment may not always be simply that of correcting glucocorticoid deficiency. 
Instead the goal might be suppression of nocturnal adrenal corticotropic hormone (ACTH) 
secretion, as in glucocorticoid management of congenital adrenal hyperplasia or polycystic ovary 
syndrome.  Because suppression of nocturnal ACTH secretion can usually be achieved only by 
inducing abnormally high circulating glucocorticoid levels, it is much easier to err on the side of 
over- rather than undertreatment. Thus patients treated for cortisol replacement may be 
overtreated, with an attendant increased risk of osteoporosis. (Jeffcoate 1999)
 One study found glucocorticoid dose–related decreases in BMD in patients with 
secondary hypoadrenalism. (Peacey et al. 1997) Such an effect in patients with hypothalamic and 
pituitary disease raises the question of the relative contribution to osteoporosis risk made by 
disease-associated hypogonadism and growth hormone deficiency, use of excessive doses of 
thyroxine replacement, and, most importantly, earlier glucocorticoid exposure in patients whose 
initial problem was Cushing's disease. (Jeffcoate 1999)

Renal Diseases
The schedule of treatment for patients with chronic glomerulonephritis is substantially different 
from that used for RA or asthma. Patients with chronic glomerulonephritis are initially treated 
with a large dose of prednisolone daily for approximately 10 weeks, followed thereafter by 
alternate-day administration.  Such treatment has been shown to result in significant loss of BMD 
in the lumbar spine and marked reductions in biochemical markers of bone formation. However, 
bone resorption is not enhanced with prednisolone, which suggests that decreased BMD in 



patients treated with prednisolone is a result of suppressed bone formation and not increased bone 
resorption.  (Yonemura et al. 2000)  
 Renal failure patients are at risk for vitamin D deficiency owing to their inability to take 
vitamin D supplements. Pharmacologic doses of vitamin D may cause acute renal failure 
secondary to hypercalcemia associated with vitamin D intoxication.  (Yonemura et al. 2000) One 
study has shown that the risk of hip fracture among white patients with end-stage renal disease is 
considerably higher than that in the general population, independent of age and gender. (Alem et 
al. 2000)

Pulmonary Disorders
Long-term glucocorticoid treatment, whether oral or inhaled, is widely prescribed for patients 
with chronic obstructive pulmonary disease (COPD), asthma, and allergic rhinitis.  In the past 
two decades, prescriptions for inhaled glucocorticoids have increased by 139% to 326%, and the 
number of prescriptions is expected to steadily increase as guidelines advocating inhaled 
glucocorticoids as first-line therapy for persistent asthma (National Asthma Education Prevention 
Program 1997) are implemented into US and worldwide clinical practice. (Goldstein et al. 1999)  
In addition to the risks posed by chronic glucocorticoid treatment, patients with respiratory 
diseases may have an increased risk for osteoporosis due to the sedentary lifestyle imposed by 
their underlying pulmonary state.

Although chronic glucocorticoid therapy is effective in controlling the inflammatory 
processes in asthma, the development of osteoporosis secondary to chronic glucocorticoid use is 
of increasing concern, and the risk may be greater than commonly perceived.  The prevalence of 
osteopenia/osteoporosis has been shown to be as high as 62% in asthmatic patients. (Goldstein et 
al. 1999) Data from a community database showed that in patients treated with oral 
glucocorticoids for ≥1 year, 86% demonstrated a decrease in BMD. These decreases were dose 

related and were observed in 80% of high-dose, 71% of medium-dose, and 33% of low-dose 
patients (Reddy et al. 1998). The incidence of glucocorticoid-induced bone loss in COPD patients 
is also quite high. It is likely that the incidence and prevalence of glucocorticoid-induced bone 
loss will increase as the use of chronic oral and high-dose inhaled glucocorticoid therapy rises in 
parallel with the aging of the at-risk population. (Goldstein et al. 1999) 

Post-transplantation Patients
Glucocorticoid-induced osteoporosis is a common finding in adult organ transplant patients 
(Braith et al. 2000; Cayco et al. 2000; Spira et al. 2000). Cayco et al. (2000) found a 44% 
incidence of either osteoporosis or osteopenia in renal transplant patients, and Giannini et al. 



(2000) reported a 46% incidence of osteoporosis in liver transplant patients a mean of 11 months 
after transplantation.

Glucocorticoids are an independent predictor of low bone mass, and their effects on bone 
in post-transplant patients, as in patients with other conditions, are exerted in a dose-dependent 
fashion. (Giannini et al. 2000) Major factors in the development of bone loss after transplantation, 
in addition to the use of high-dose glucocorticoids, include immobilization and use of 
cyclosporine, which has a deteriorative effect on bone. Low pre-transplant bone mass is also a 
major predictor of post-transplant fractures. (Wolfhagen et al. 2000)  In addition, PTH levels are 
elevated in transplant recipients, and hyperparathyroidism is associated with decreased BMD. 
(Cayco et al. 2000; Kokado et al. 2000; Heaf et al. 2000) Poor nutritional status and 
hypogonadism may also affect bone metabolism, especially in the early post-transplantation 
phase (Giannini et al. 2000)

Dramatic reductions in BMD occur early in the postoperative period (<6 months), 
coincident with administration of bolus doses of glucocorticoids as part of the 
immunosuppression regimen; elevated rates of bone resorption contribute importantly to this 
process. (Cayco et al. 2000; Spira et al. 2000; Leidig-Bruckner et al. 2001) Decreases in spinal 
BMD of 4% to 24% have been seen during the first year after liver or lung transplantation 
(Wolfhagen et al. 2000; Spira et al. 2000). Several investigators have found that these decreases 
in BMD occur despite vitamin D and calcium supplementation. (Spira et al. 2000; Giannini et al. 
2000; Leidig-Bruckner et al. 2001) Although bone mass increases after the first year post 
transplant (Wolfhagen et al. 2000), it does not return to pretransplant levels, and transplant 
patients remain indefinitely at an increased risk of osteoporotic injury (Braith et al. 2000; 
Giannini et al. 2000).

Lumbar vertebrae are particularly vulnerable to steroid-induced osteoporosis, with BMD 
deficits of 10% to 20% observed less than 60 days after transplantation. (Braith et al. 2000)  This 
dramatically decreased BMD is associated with a high incidence of osteoporotic fractures post 
transplant. (Spira et al. 2000; Giannini et al. 2000; Leidig-Bruckner et al. 2001) Two studies 
showed a fracture rate of 11% to 35% in the first year (Wolfhagen et al. 2000; Leidig-Bruckner et 
al. 2001), and in two other studies with 7- and 3-year follow-up, osteoporotic fractures occurred 
in 35% and 65% of transplant patients, respectively; 50% to 77% of these patients experienced 
their first fracture within the first year after transplantation. (Eastell et al. 1991; Feller et al. 1999)  
Radiologic evidence of long-bone fractures has been reported in up to 44% of adult transplant 
recipients, and vertebral compression fractures have been reported in 18% to 50% of adult 
transplant patients receiving a combination of steroids and cyclosporine. (Braith et al. 2000; 
Shane et al. 1993; Spira et al. 2000) 



Vertebral fractures frequently occur in the first 12 months after transplantation. (Giannini 
et al. 2000; Leidig-Bruckner et al. 2001)  In one study most transplant patients who experienced a 
vertebral fracture had two or more fractures, with pronounced vertebral height reduction. (Leidig-
Bruckner et al. 2001) Because patients with two or more vertebral fractures have a worse 
outcome than those with only one vertebral fracture, prevention of osteoporosis is of utmost 
importance in transplant patients. (Leidig-Bruckner et al. 2001)
 An elevated rate of bone turnover is one cause of rapid bone loss after transplantation, 
and therefore anti-resorptive drugs may be one way to prevent or treat post-transplantation 
osteoporosis. (Leidig-Bruckner et al. 2001) Because it is difficult to identify patients at high risk 
for osteoporosis or fracture, it is recommended that all patients undergoing transplantation receive 
preventive osteoporosis treatment beginning either before or directly after surgery. (Leidig-
Bruckner et al. 2001)



PREVENTION AND TREATMENT OF GLUCOCORTICOID-INDUCED 
OSTEOPOROSIS 
Osteoporosis is largely preventable owing to advances in our understanding of its causes, 
diagnosis, and treatment. (NIH Panel, 2001) However, despite the fact that many physicians are 
aware of the incidence of glucocorticoid-induced bone loss and some initiate therapy when 
osteoporosis is diagnosed, more than 50% of patients receiving chronic high-dose oral 
glucocorticoid therapy are not evaluated for osteoporosis (Bell et al. 1997), and as few as 14% of 
patients receiving high-dose chronic glucocorticoid treatment receive concomitant treatment for 
osteoporosis (Walsh et al. 1996). Many patients on long-term glucocorticoid therapy receive no 
prophylaxis against bone loss (Saag et al. 1999; Valentine and Sninsky 1999; Brand et al. 1999; 
Soucy et al. 2000; Walsh et al. 1996)  Clearly, because of the significant and widespread 
consequences of osteoporosis, physicians must be proactive in helping patients maintain BMD 
and prevent additional bone loss. Contrary to previous recommendations, the identification and 
treatment of patients at risk for osteoporosis may be valuable even among very elderly people. 
(Gabriel 1996)  

Patient Evaluation
A detailed patient history and physical examination assessing presence and history of fractures, 
kyphosis, back pain, height loss, motor coordination (to determine the risk of falls), and previous 
exposure to glucocorticoid therapy should be performed in each patient to determine that patient's 
major risk factors for osteoporosis (see Table 2). (Goldstein et al. 1999) BMD measurements 
should be obtained in all patients at baseline and regularly thereafter to assess risk for 
osteoporosis (NIH Panel 2001). The current gold standard for BMD measurement is dual-energy 
x-ray absorptiometry (DEXA) of the lumbar spine, femoral neck, and femoral trochanter (Blair et 
al. 2000); at follow-up visits the percentage change from baseline in BMD at these sites is 
determined.  However, BMD does not directly correlate with decreased fracture risk, and other 
factors such as bone strength and rate of turnover may also contribute to fragility. (Blair et al. 
2000) In addition, patients at risk for GIO may have a higher risk of fracture at a given bone 
density than patients at risk for osteoporosis from other causes. (Blair et al. 2000)  

Prevention of Osteoporosis 
Both glucocorticoid dose and duration require continual re-evaluation to minimize the patient's 
cumulative dose.  If possible, clinicians should try to maximize the use of inhaled and topical 
corticosteroids before proceeding to the oral form. Obvious preventive measures include smoking 
cessation, maintenance of healthy body weight, regular weight-bearing exercise, decreased 
alcohol consumption, sodium restriction, and increased dietary calcium intake.  Most patients 



require additional calcium supplementation to meet the recommended 1500 mg/d, and those at 
risk may also require vitamin D3 supplements; the optimal vitamin D dosage is not known but is 
thought to be 400 to 1000 IU/d (NIH Panel 2001; Blair et al. 2000). However, even with 
appropriate supplementation, 1 in 6 patients treated with glucocorticoids will experience a 
radiographically detectable vertebral fracture within 12 months, and therefore, alternative 
regimens are needed.  

Estrogen, vitamin D and its analogues, and calcitonin have prevented bone loss in 
patients treated with glucocorticoids in some (Buckley et al. 1996; Hall et al. 1994; Hahn et al. 
1979; Sambrook et al. 1993) but not all (Adachi et al. 1996; Dykman et al. 1984; Healey et al. 
1996) trials.  Currently the use of residronate, the only bisphosphonate approved for the 
prevention of GIO, offers the most promise of any available preventive therapy.  (Blair et al. 
2000)
 
Treatment of Osteoporosis 
Prevention and treatment are closely related, and an individualized approach is recommended 
(NIH Panel 2001; Baxter 2000). Patients should be encouraged to exercise, as physical activity is 
necessary for bone acquisition and maintenance, and trials of exercise in older adults have shown 
significant reductions in the risk of fracture (NIH Panel 2001).  Calcium and vitamin D modulate 
age-related increases in PTH levels and bone resorption, and optimal treatment of osteoporosis 
with any drug therapy requires supplementation with calcium and vitamin D to recommended 
levels (NIH Panel 2001). 

However, calcium supplementation alone does not prevent bone loss, and calcitonin is 
seldom potent enough to have a clinically significant impact. (Manolagas and Weinstein 1999)  
Along with preventive measures such as risk factor modification (eg, smoking cessation) and 
adequate calcium and vitamin D3 intake, treatment may include hormone replacement, when 
appropriate, and bisphosphonates. Hormone-replacement therapy has shown efficacy with regard 
to increasing BMD, but there have been no trials of estrogen therapy with hip fracture as the 
primary outcome. (NIH Panel, 2001)  Less-proven treatments such as thiazide diuretics, anabolic 
steroids, and fluoride may also be considered in some populations (Blair et al. 2000). 
Unfortunately, however, with the exception of bisphosphonates, none of these treatments have 
been satisfactory, and none has proven anti-fracture efficacy in patients with GIO.  In fact, for 
most patients, the benefit provided by the modest gains in BMD produced by these treatments are 
outweighed by serious side effects. 

Although the American College of Rheumatology (1996) recommends the use of 
bisphosphonates only in patients for whom hormone-replacement therapy is contraindicated, 
newer treatment guidelines published by the United Kingdom Consensus Group (Eastell et al. 



1998) emphasize that of all treatment options, bisphosphonates have demonstrated the most 
compelling BMD data and should be considered first-line therapy. (Blair et al. 2000) A recent 
meta-analysis showed that bisphosphonates are significantly and substantially more efficacious 
than either calcitonin or vitamin D and calcium. (Amin et al. 1998)

Bisphosphonate Therapy
All of the bisphosphonates are effective in preventing bone loss and increasing bone mass in 
patients with osteoporosis. (Cunnane and lane 2000)  Bisphosphonates inhibit bone resorption 
(Cunnane and Lane 2000) and therefore offer a treatment that directly counters the effects of 
glucocorticoid therapy.  Because they reverse the increase in osteocyte and osteoblast apoptosis 
caused by glucocorticoids, bisphosphonates may have a more specific role in treatment of patients 
with GIO than in other patient populations. (Reid 2000)
 Bisphosphonates increase BMD at the spine and hip in a dose-dependent manner and 
consistently reduce the risk of fractures by 30% to 50%. These results are seen even in patients 
who have already lost bone.  A recent literature review showed that risedronate not only 
prevented vertebral bone loss in patients who had not received previous steroid treatment, but 
also caused gains in bone mass in patients treated with steroids for >3 months who had already 
lost bone. (Blair et al. 2000)  

All bisphosphonates have a low oral bioavailability (typically <5% on an empty stomach) 
and must be taken in a fasting state with water, at least 30 minutes before food and separated by 
several hours from ingestion of mineral supplements or antacids. The patient should remain 
upright for at least 30 minutes after administration.  (Reid 2000; Blair et al. 2000)  Absorption is 
significantly reduced if the drug is taken with calcium, food, or beverages other than water. 
Bisphosphonates are not metabolized and are excreted unchanged in the urine. (Cunnane and 
Lane 2000).  Caution should be used in renal failure patients.

Overall, adverse events are minimal and include nausea and upper gastrointestinal 
inflammation, particularly with alendronate; bronchoconstriction may occur in patients with 
asthma. (Cunnane and Lane 2000)  For each of the three oral bisphosphonates, the relative risk of 
discontinuing medication due to an adverse event is not statistically significant. (NIH Panel 2001)
 The individual members of the bisphosphonate group differ primarily in their route of 
administration, their side effects, and their anti-resorptive potency. (Reid 2000) The anti-
resorptive properties increase approximately 10-fold between generations (Cunnane and Lane 
2000), with preclinical studies showing that risedronate is 1000 times more effective than 
etidronate as an antiresorptive agent. (Eastell et al. 2000)

Etidronate. Etidronate, a first-generation bisphosphonate, is approved for treatment of 
Paget's disease but not osteoporosis. (Goldstein et al. 1999)  Although it improves spinal BMD, it 



interferes with bone mineralization when given at doses that would be used clinically for 
treatment of osteoporosis. (Crandall 2001) Thus it must be given intermittently to avoid drug-
induced defects in mineralization. (Manolagas and Weinstein 1999)  More recent agents do not 
manifest this characteristic. (Crandall 2001)
 Alendronate.  Alendronate, a second-generation bisphosphonate, is approved for 
treatment of Paget's disease, postmenopausal osteoporosis, and glucocorticoid-induced bone loss, 
but not for prevention of GIO. (Goldstein et al. 1999)  Therapy with oral alendronate is more 
attractive than treatment with etidronate because of greater safety, but gains in BMD are still 
modest (Manolagas and Weinstein 1999) 

The combined results of two pivotal double-blind, placebo-controlled, multicenter trials 
of alendronate in the prevention and treatment of GIO were reported by Saag et al. in 1998. A 
total of 477 patients aged 17 to 83 years who required long-term (≥1 year) glucocorticoid 
treatment with at least 7.5 mg of prednisone or its equivalent were randomly assigned to receive 
placebo or alendronate (5 or 10 mg) for 48 weeks. At the end of treatment, total-body BMD and 
BMD at the lumbar spine, femoral trochanter, and femoral neck were significantly increased in 
those who received a daily alendronate dose of 5 or 10 mg, compared with those who received 
placebo. Increases in BMD did not differ according to age or sex of the patient, underlying 
disease, dose or duration of glucocorticoid treatment, or lumbar spine BMD at baseline. 
Approximately 80% of patients who received alendronate experienced an increase in BMD, 
compared with 45% of those who received placebo, and bone turnover was reduced in the 
alendronate groups. However, this increased bone mass and reduced turnover did not translate 
into a reduced incidence of fractures. (Saag et al. 1998, 1999)

Alendronate may carry an increased risk of gastrointestinal adverse events (Blair et al. 
2000; Peter et al. 1998). Graham and Malaty (1999) reported a 38% incidence of esophageal 
damage in healthy volunteers who took alendronate, compared with those who took placebo.  
There was a marked difference in severity of mucosal damage, in that antral ulcers and erosions 
occurred in patients receiving alendronate, but not in those receiving placebo. (Graham and 
Malaty 1999)  These results were contradicted in a larger study by Bauer et al. (2000)  However, 
a recent literature review suggests that the incidence of gastrointestinal adverse events with 
alendronate may be as high as 15% in clinical practice, despite low incidence rates in phase 3 
trials, possibly because of administration errors. (Blair et al. 2000) 

Risedronate.  Risedronate, a third-generation bisphosphonate, is approved for treatment 
of Paget's disease and postmenopausal osteoporosis.  In addition, it is the only bisphosphonate 
approved for both the prevention and treatment of GIO. (Crandall 2001; Reid 2000)

Risedronate is not associated with the diarrhea seen in patients receiving etidronate or 
with the esophageal erosions seen in patients receiving alendronate. (Reid 2000)  One comparison 



of esophageal and gastroduodenal effects of risedronate and alendronate treatment in 
postmenopausal women showed that at doses used for the treatment of osteoporosis, risedronate 
was associated with a significantly lower incidence of gastric ulcers than was alendronate. (Lanza 
et al. 2000)

Risedronate can be administered in lower dosages than other anti-resorptive 
bisphosphonates and is more effective than etidronate in relieving pain in patients with Paget's 
disease. (Goa and Balfour 1998) Furthermore, risedronate 2.5 mg/d has been shown to prevent 
bone loss in postmenopausal women treated with glucocorticoids for RA, and the incidence of 
gastrointestinal or other adverse events is similar in patients treated with risedronate or placebo. 
(Goa and Balfour 1998)

A review of 16 clinical trials showed that in patients with postmenopausal and 
glucocorticoid-induced osteoporosis, risedronate prevented postmenopausal bone loss, decreased 
fracture in those with established postmenopausal osteoporosis, effectively treated Paget's 
disease, and prevented glucocorticoid-induced bone loss. (Crandall 2001)  In addition, a pooled 
data analysis demonstrated a greater than 50% reduction in fractures in the first year of treatment 
with risedronate. (Reid 2000)
 Four studies have examined the efficacy of risedronate in the prevention and treatment of 
bone loss and osteoporosis in patients receiving long-term glucocorticoid treatment. (Cohen et al. 
1999; Eastell et al. 2000; Wallach et al. 2000; Reid et al. 2000)  Details of each study follow, but 
in general the patients studied were males and females aged 18 to 85 years, with a variety of 
diseases, although in one trial (Eastell et al. 2000), patients consisted of postmenopausal RA 
patients only. All studies examined the percentage change from baseline in BMD of the lumbar 
spine and proximal femur as measured by DEXA. Lateral thoracic and lumbar radiographs were 
performed to assess the incidence of fractures. All studies showed that risedronate significantly 
increased BMD (Table 5). In addition, three of the four studies showed that risedronate 5 mg/d 
significantly decreased vertebral fracture risk (Wallach et al. 2000; Reid et al. 2000) or showed a 
trend toward reduction in fracture risk (Cohen et al. 1999). Risedronate was well tolerated, with 
adverse events, including gastrointestinal adverse events, equivalent to those in the placebo 
group. This was true even though many patients were also receiving nonsteroidal anti-
inflammatory drugs (NSAIDs) and patients with gastrointestinal tract disease were not excluded. 
The incidence of back pain and arthralgia was slightly greater in patients receiving risedronate 5 
mg/d, but in general these effects were mild and did not lead to discontinuation of treatment. 

Cohen et al. (1999) conducted a multicenter, randomized, double-blind, placebo-
controlled, parallel-group study in 228 ambulatory men and women who were initiating long-
term glucocorticoid treatment. Patients received either risedronate (2.5 or 5 mg/d) or placebo for 



12 months, and all patients received 500 mg of elemental calcium supplementation daily. Mean 
daily dose of prednisone or its equivalent ranged from 20.4 to 21.7 mg. 

Results showed that daily oral risedronate therapy prevented significant bone loss relative 
to placebo in patients initiating glucocorticoid treatment for a variety of disorders. Responses 
within subgroups were consistent with those in the overall population.  Risedronate 5 mg 
produced significant treatment effects in BMD of the lumbar spine, femoral neck, and femoral 
trochanter in men and postmenopausal women. A therapeutic effect was also noted in 
premenopausal women who received risedronate 5 mg/d, but the changes were not significant. 
The effect on BMD in the 2.5-mg risedronate group was smaller than, but consistent with, that 
seen in the 5-mg risedronate group. A trend toward a reduction in the incidence of vertebral 
fractures was seen in both men and postmenopausal women; none of the premenopausal women 
sustained a fracture.  In addition, the quality of bone formed during risedronate treatment was 
normal, with no evidence of impaired mineralization.  Patients who received placebo lost, on 
average, 3% of bone mass at the lumbar spine and proximal femur. Comparisons between this 
study and others in which patients received higher doses of calcium (Saag et al. 1998; Sambrook 
et al. 1993) suggest that higher doses of calcium supplementation would not have provided 
greater protection from bone loss in patients receiving placebo.

A two-center, 2-year, double-blind, placebo-controlled study conducted by Eastell and co-
workers (2000) assessed risedronate's effect on BMD in 120 postmenopausal women with RA 
who were receiving an average daily prednisone dose of at least 2.5 mg.  Patients were assigned 
to treatment with placebo or risedronate (2.5 mg/d or cyclical 15 mg risedronate [15 mg daily for 
2 weeks, followed by 10 weeks on placebo]). Patients received study drug for 96 weeks, then 
underwent a 48-week nontreatment follow-up, for a total of 144 weeks.  Mean BMD at baseline 
was 2.5 SD below the mean normal value. 

By the end of the study, significant bone loss was seen in placebo patients, whereas BMD 
was maintained in those who received risedronate 2.5 mg/d.  The cyclical risedronate regimen 
was less efficacious than the daily 2.5-mg regimen in maintaining BMD at the lumbar spine but 
was equally efficacious in maintaining BMD at the femoral neck and trochanter; differences 
between the two risedronate treatments were not significant.  Risedronate discontinuation resulted 
in bone loss at all sites, and this loss was significant in the lumbar spine. The incidence of 
vertebral fractures did not differ significantly among treatment groups.

Wallach et al. (2000) reported the results of two randomized, double-blind, placebo-
controlled studies conducted in parallel under similar protocols and combined for analysis. 
Subjects were 509 ambulatory men and women receiving glucocorticoid treatment equivalent to 
7.5 mg of prednisone or more. Patients were randomly assigned to receive placebo, risedronate 
2.5 mg/d, or risedronate 5 mg/d for 12 months. 



Results at 12 months showed that risedronate 5 mg significantly increased or maintained 
BMD relative to placebo at the lumbar spine, femoral neck and trochanter, and distal radius. The 
risedronate 2.5-mg dose was less efficacious than risedronate 5 mg; differences in BMD in 
patients receiving risedronate 2.5 mg and those receiving placebo were significant at the lumbar 
spine but not at other skeletal sites. Placebo patients had a 16% incidence of vertebral fractures in 
the first year; by comparison, the effect of risedronate 5 mg on lumbar spine BMD was associated 
with a 70% reduction in the risk of new vertebral fractures. Bone resorption was also greatly 
reduced in patients who received risedronate.  Effects in men and postmenopausal women were 
similar, with smaller effects seen in premenopausal women, possibly because of the small number 
of such patients in this study or because of the effects of endogenous estrogen.  

A multicenter, double-blind, placebo-controlled, parallel-group study was conducted by 
Reid and colleagues (2000) to evaluate the efficacy, safety, and tolerability of risedronate in 290 
men and women who had been receiving high-dose oral glucocorticoid therapy for an average of 
5 years.  Patients were randomly assigned to receive placebo or risedronate (2.5 or 5 mg) daily for 
12 months. 
 Results showed a significant (3%) gain in lumbar BMD with risedronate 5 mg compared 
with placebo; estimated gains in BMD at the femoral neck and trochanter were approximately 1%  
to 2%.  The 2.5-mg risedronate dose was less effective but still better than placebo. Although 
increases in BMD were observed in all patient subgroups, gains in men and postmenopausal 
women were statistically significant; those in premenopausal women were not. Placebo patients 
did not demonstrate a significant decrease in BMD over the 12-month study, possibly because the 
greatest loss in BMD occurs in the first 6 months of treatment with glucocorticoids, and mean 
treatment time was 5 years. The estimated reduction in fracture risk in both risedronate groups, 
compared to placebo, was 70%.

The cumulative results of these four studies show that treatment with risedronate 
increased BMD in both men and women aged 18 or older who were receiving glucocorticoid 
treatment; treatment effects were seen across a wide range of conditions requiring such therapy. 
In addition, risedronate had a positive effect on fracture risk in patients with GIO.  Risedronate 
was also well tolerated, with adverse events equivalent to those in patients who received placebo.

CONCLUSIONS AND RECOMMENDATIONS
Because subjects in clinical trials may not always be representative of community-based 
populations, an individualized approach to treatment is advised. (NIH Panel, 2001). Prescribers of 
oral, inhaled, and intranasal corticosteroids should be aware of the potential for long-term 
systemic effects and should make every effort to prescribe the lowest possible effective 
maintenance dosage. (Lipworth and Jackson 2000)  In addition, all patients beginning long-term 



(>6 months) treatment with glucocorticoids (ie, ≥5 mg/d prednisone) should undergo a baseline 

bone density measurement using DEXA to determine the risk of osteoporosis and to monitor the 
efficacy of the chosen preventative agent during the course of therapy.  BMD measurements 
should be repeated every 6 to 12 months, depending on initial bone mass and patient risk factors.  
If at any point BMD has decreased by >5% from baseline, the initial choice of therapy should be 
changed or expanded. (Blair et al. 2000; Baxter 2000)
 Because the majority of bone loss occurs during the first 6 months of treatment, clinicians 
must be vigilant in developing a prevention plan in advance of treatment, preferably before the 
glucocorticoid prescription is given to the patient.  Such a plan should include exercise, gonadal 
therapy, vitamin D and calcium supplementation, measurement of 24-hour urinary Ca++ levels, 
and pharmacologic prophylaxis against osteoporosis. (Baxter 2000; Blair et al. 2000)
 Bisphosphonates, particularly residronate, offer the most promise as first-line therapy for 
patients receiving long-term glucocorticoid treatment. (Blair et al. 2000) Of the various agents 
investigated to date, the bisphosphonates have produced the most consistently positive results in 
glucocorticoid-treated subjects. (Reid 2000; Baxter 2000)  In addition, these agents can be used in 
virtually all glucocorticoid-treated patients, including the young and sex hormone–replete. (Reid 
2000)  They have theoretical advantages over estrogen replacement therapy in that they are bone 
specific, have minimal adverse effects, and have no known carcinogenic potential. (Crandall 
2001) 
 Risedronate treatment not only prevents the rapid bone loss associated with the first 
months of long-term glucocorticoid treatment, it significantly increases bone density in patients 
receiving such treatment. (Wallach et al. 2000)  In addition, it is the only agent that has provided 
evidence of a reduced fracture rate (Reid 2000).  In studies risedronate was effective regardless of 
the duration of previous corticosteroid therapy, underlying disease, or gender, which suggests that  
the findings are applicable to a wide spectrum of patients receiving glucocorticoid treatment. 
(Wallach et al. 2000)  

Physicians can maximize bone density in patients receiving glucocorticoid treatment by 
starting them on risedronate, the only agent currently approved for the prevention of GIO, at the 
time patients begin steroid therapy.  However, the safety and efficacy of bisphosphonates have not  
been evaluated in children and young adults, and caution is urged when prescribing these agents 
for patients <18 years old. (NIH Panel 2001) 
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TABLES

Table 1. Threshold Dosages for Inhaled Glucocorticoids Above Which 
Significant Bone Loss Occurs*

Glucocorticoid Threshold Dosage
Bedesonide 800 µg/d
Fluticasone 750 µg/d
Flunisolide 1000 µg/d
Beclomethasone 1000 µg/d

*Data from Goldstein et al. (1999)



Table 2. Non–Disease-Specific Risk Factors for Osteoporosis 

Previous fractures
Kyphosis
Back pain
Loss of height
Previous exposure to glucocorticoid treatment, and cumulative dose of 

such exposure
Postmenopausal status
Elderly age
Female sex
Asian ancestry
Previous bilateral oophorectomy
Slight body build
Tobacco and/or alcohol use
Decreased dietary vitamin D or calcium intake
Irregular menstrual history (<4 cycles/year or extreme physical activity 

resulting in hypoestrogenemia
History of infertility or impotence (men)
Family history of osteoporosis 
Exposure to anticonvulsants agents, thyroxin, lithium, heparin, 

methotrexate, warfarin, or cyclosporine



Table 3.  Glucocorticoid-Induced Metabolic Effects Leading to Bone Loss

Direct effects on bone Inhibition of osteoclast proliferation
Inhibition of osteoclast attachment to bone matrix
Suppression of osteoblast numbers, life span, and function 

(Cunnane and Lane 2000)
Resultant inhibition of type I collagen and other proteins 

produced by osteoblasts
Effects on calcium metabolism Decreased intestinal absorption of calcium and phosphate

Increased urinary calcium excretion
Resultant development of secondary hyperparathyroidism 

leading to increased bone resorption
Effects on sex hormones Suppression of adrenal androgen and gonadal hormone 

release, leading to loss of anabolic effects of these 
hormones on bone formation and resorption

Other effects Decreased muscle mass and strength, slowing or 
preventing exercise-induced benefits on bone 
formation, as well as reducing normal physical forces 
of muscle tension on bone

Inhibition of release of growth factors such as insulin-like 
growth factor-1 (IGF-1) and transforming growth 
factor-β (TGF-β) exacerbate direct bone effects 
(Baxter 2000)

Modified from Goldstein et al. (1999).
IGF-1 = insulin-like growth factor-1; TGF-β = transforming growth factor-β.  



Table 4.  Summary of Additional Risk Factors for Osteoporosis in 
Conditions Treated with Glucocorticoids 

Disease Additional Risk Factors for Osteoporosis 
Liver disorders (eg, PBC, PSC, chronic 

autoimmune hepatitis)
Hypogonadism, female sex, poor diet/malnutrition, 

low BMI (primary biliary cirrhosis)
Gastrointestinal disorders (eg, 

inflammatory bowel disease)
Malnutrition and related poor calcium intake/

absorption,* low BMI, jejunal involvement, 
previous bowel resection, male sex (Crohn's 
disease)

Adrenal insufficiency (Cushing's disease, 
Addison's disease)

Sex hormone deficiency (Addison's disease), 
panhypopituitarism (Cushing's disease)

Rheumatoid arthritis Deficiency in DHEAS and AND, physical inactivity, 
female sex, low BMI

Systemic lupus erythematosus Vitamin D deficiency, physical inactivity, deficiency in 
DHEAS and AND, renal disease, menstrual 
irregularities, high-dose methotrexate therapy, 
acidosis, growth factor deficiencies

Renal diseases (eg, glomerulonephritis) Vitamin D deficiency, white race (end-stage renal 
disease)

Pulmonary disorders (COPD, asthma, 
sarcoidosis)

Sedentary lifestyle, female sex

Transplant recipients Post-transplant immobilization, high PTH levels, use 
of cyclosporine, vitamin D deficiency (renal 
transplant pts), poor nutritional status, 
hypogonadism, pre-transplant PBC and PSC, pre-
transplant ischemic heart disease, pre-transplant 
vertebral fracture (liver transplant pts)

AND = androstenedione; BMI = body mass index; COPD – chronic obstructive 
pulmonary disease; DHEAS = dehydroepiandrosterone; PBC = primary biliary cirrhosis; 
PSC = primary sclerosing cholangitis.
*Study results are conflicting, though this appears to be a problem primarily in patients 
with small-bowel involvement or previous bowel resection. 
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Table 5. Percentage Change in BMD from Baseline in Studies of Risedronate in 
Glucocorticoid-Treated Patients

Study
(No. of patients‡)

TreatmentTreatmentTreatmentTreatment
Study
(No. of patients‡) Placebo

Risedronate
2.5 mg/d

Risedronate
5 mg/d

Cyclical Risedronate 
†

Cohen et al. (77/46/105)
  LS –2.8 ± 0.5 –0.1 ± 0.7 0.6 ± 0.5 —
  FN –3.1 ± 0.7 –0.4 ± 0.7 0.8 ± 0.7 —
  FT –3.1 ± 0.7 –0.2 ± 0.7 1.4 ± 0.5 —
Eastell et al.
(0/0/120)
  LS –2.3 ± 0.9 1.0 ± 2.0 — –2.8  ± 1.2
  FN –3.8 ± 1.0 –1.8 ± 0.9 — –2.3 ± 1.3
  FT –4.6 ± 1.6 –1.2 ± 1.4 — 1.0 ± 2.3
Wallach et al. 
(184/70/255)
  LS –1.0 ± 0.35 1.3 ± 0.41 1.9 ± 0.38 —
  FN –1.5  ± 0.41 –0.3 ± 0.39 1.3 ± 0.40 —
  FT –0.8 ± 0.51 –0.01 ± 0.39 2.0 ± 0.37 —
Reid et al. 
(109/25/156)
  LS 0.4 ± 0.4 1.9 ± 0.5 2.9 ± 0.5 —
  FN –0.3 ± 0.5 –0.2 ± 0.5 1.8 ± 0.5 —
  FT 1.0 ± 0.6 0.1 ± 0.5 2.4 ± 0.5 —

*Values are mean ± SEM.
†15 mg daily for 2 weeks, followed by 10 weeks on placebo.
‡Men/premenopausal women/postmenopausal women who were enrolled in the study.
LS = lumbar spine; FN = femoral neck; FT = femoral trochanter.


