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Glucocorticoid-Induced Osteoporosis

E. Michael Lewiecki

�Introduction

Glucocorticoid excess, whether generated endogenously 
or administered exogenously, is known to have many 
adverse effects, including harm to the skeleton. In his sem-
inal report published over 85 years ago, Harvey Cushing 
analyzed the clinical and pathological findings of 12 
patients with pituitary adenomas [1]. In what came to be 
called “Cushing’s disease” (hypercortisolism caused by a 
pituitary tumor), he described “softening affecting the 
entire skeleton but more particularly the vertebrae, leading 
to multiple fractures.” Today, hypercortisolism of any 
cause (“Cushing’s syndrome”) is most often due to exog-
enous glucocorticoids prescribed for a wide variety of 
inflammatory, allergic, and neoplastic conditions. The first 
clinical use of exogenous glucocorticoids, extracted from 
whole cattle adrenals, was reported in 1930 [2]. Patients 
with adrenal insufficiency due to Addison’s disease were 
successfully treated, although transiently, with intravenous 
infusions of this extract. This was rapidly followed by 
experiments to isolate individual compounds in the adre-
nal extract that have biological activity. In 1949, the first 
clinical use of cortisone was reported [3]. A woman with 
rheumatoid arthritis (RA) was treated at the Mayo Clinic 
with cortisone 50 mg intramuscularly (IM) twice daily. RA 
symptoms improved, but treatment was subsequently dis-
continued due to development of facial puffiness, hirsut-
ism, acne, and mental disturbances. Soon after, it was 
reported that orally administered cortisone was as effective 
as the IM preparation [4]. In 1954, the first analogs of cor-
tisone and hydrocortisone, which were later named predni-
sone and prednisolone, were used for the treatment of 
patients with RA [5]. Anti-inflammatory effects were soon 
enhanced by the development of other glucocorticoids, 
such as triamcinolone and dexamethasone. However, for 

use in clinical practice, prednisone and prednisolone 
emerged as the most commonly used systemic glucocorti-
coids and remain so in modern times.

Toxic effects of glucocorticoid therapy were easily recog-
nized with the first patient to receive cortisone for RA [3], as 
they were similar to the effects of endogenous excess seen 
with Cushing’s syndrome. Adverse skeletal effects of chronic 
glucocorticoid therapy were described as early as 1954 in a 
report of vertebral fractures with treatment of 3 men with RA 
and a boy with juvenile polyarthritis [6]. More patients with 
glucocorticoid-induced osteoporosis (GIO) and vertebral 
fractures were reported a few years later [7]. It soon became 
apparent that osteoporosis and fractures were common in 
patients receiving long-term glucocorticoid therapy. GIO has 
been estimated to affect about 50% of patients receiving 
long-term glucocorticoids and may be the most common 
form of secondary osteoporosis [8]. Despite the availability 
of many medications to treat GIO [9], many patients who 
could benefit are not being treated [10].

�Patient Case Report

A 72-year-old woman is a former heavy smoker with severe 
chronic obstructive pulmonary disease (COPD). Treatment 
includes home oxygen and prednisone 7.5 mg daily for past 
12 years, with higher doses required for 2–3 weeks several 
times each year for exacerbations of COPD. She describes 
have a well-balanced diet with no vitamin or mineral supple-
ments. She has fallen twice in the past 12 months but has no 
known fracture. She has never had a bone density test and 
has never received pharmacological therapy to reduce frac-
ture risk. After hearing from a friend that prednisone can be 
harmful to bones, she asks her physician whether she needs 
to be evaluated. Although he does not see the need for this, 
he makes an appointment for consultation with a physician 
with expertise in osteoporosis. She is found to weigh 102 
pounds (46.3  kg); height is 60.0  inches (152.4  cm) with a 
wall-mounted stadiometer, which is 2.5  inches (6.4  cm) 
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shorter than her historical maximum height. Her gait was 
unstable and she did poorly on balance testing. She has mild 
kyphosis. There is no spinal process tenderness to palpation. 
Dual-energy X-ray absorptiometry (DXA) testing shows 
lumbar spine T-score = −1.9 with the appearance of degen-
erative arthritis on the spine image and femoral neck 
T-score = −2.3. Vertebral fracture assessment (VFA) by DXA 
shows a severe (grade 3) wedge fracture at T12 and moder-
ate (grade 2) fractures at T9 and T10. On laboratory testing 
there is a low serum 25-hydroxyvitamin D of 12  ng/mL 
(30  nmol/L) and elevated serum intact parathyroid (PTH) 
level of 82  pg/mL (8.7  pmol/L). Serum calcium, albumin, 
magnesium, phosphorus, alkaline phosphatase, and 
creatinine are normal. The 24-hour urinary calcium is low at 
48  mg. After vitamin D replacement, which corrected the 
abnormal serum 25-hydroxyvitamin D, PTH, and 24-hour 
urinary calcium, she is started on alendronate 70 mg weekly. 
She was referred for physical therapy to improve core 
strength and balance in an effort to reduce fall risk. 
Continuing efforts were made to minimize her exposure to 
system glucocorticoids.

�Epidemiology

The prevalence of glucocorticoid use in the general commu-
nity has been estimated to be between 0.5% and 1% [11–14]. 
In a 5-year longitudinal study of 60,000 postmenopausal 
women conducted in 10 countries, 4.6% were receiving glu-
cocorticoids at the baseline visit [15]. The most common rea-
sons for taking glucocorticoids are chronic rheumatic 
inflammatory diseases (e.g., RA, lupus) and chronic lung 
diseases (e.g., COPD, asthma). Other uses include gastroin-
testinal disorders (e.g., inflammatory bowel diseases, hepati-
tis), organ transplantation, and treatment of some 
malignancies. Over 10% of patients on long-term glucocorti-
coids have been reported to have clinical fractures, with 
30–40% having radiographic vertebral fractures [16, 17]. 
Risk factors for fracture include low-baseline bone mineral 
density (BMD), the type of glucocorticoid medication used, 
the dose and duration of treatment, the underlying disease 
being treated, age and sex of the patient, menopausal status 
for women, and previous fracture. A large case-control study 
of subjects on oral glucocorticoids reported a dose-depen-
dent increase in fracture risk with users of prednisolone, with 
no increase in risk for users of budesonide or hydrocortisone 
[18]. A large retrospective cohort study in the UK found 
rapid onset of increased fracture risk with initiating oral glu-
cocorticoid therapy, rapid return of fracture risk toward base-
line with discontinuation, and no dose that was “safe” for 
skeletal health [19]. Even doses of prednisolone less  than 
2.5 mg daily were associated with an increase in vertebral 
fracture risk. Inhaled glucocorticoids can be partially 

absorbed and may have systemic effects [20]. Use of long-
term inhaled glucocorticoids in high doses for patients with 
COPD has been associated with a modest increase in the risk 
of hip and upper extremity fractures [21]. Most studies of 
intranasal glucocorticoids in patients with allergic rhinitis 
have shown no clinically significant systemic effects in usual 
doses, although more study is needed, particularly in patients 
receiving combinations of inhaled and intranasal glucocorti-
coids [22].

�Pathophysiology

The effects of glucocorticoid therapy on BMD are biphasic. 
There is an initial rapid phase of 6–12% bone loss in the first 
year of therapy, followed by subsequent bone loss of about 
2–3% per year [23]. Trabecular bone is predominately 
affected, leading to high risk of fractures in the spine, a skel-
etal site with a high percentage of trabecular bone [8]. There 
is marked heterogeneity in the skeletal response of individu-
als to glucocorticoid therapy, perhaps due to polymorphisms 
of glucocorticoid receptors or variations of enzymes respon-
sible for metabolizing glucocorticoids. There are many direct 
and indirect effects of glucocorticoids that lead to skeletal 
fragility and fractures (Fig.  26.1). The dominant effect of 
glucocorticoids on bone remodeling is to reduce bone forma-
tion by decreasing the number, function, and lifespan of 
osteoblasts, the bone-forming cells. The activity and lifespan 
of osteocytes, which act as mechanosensors, are also reduced. 
The effects of glucocorticoids on osteoclasts are complex 
and controversial. However, the preponderance of evidence 
suggests that in the first 3–6 months of glucocorticoid ther-
apy, there is an increase in osteoclastic bone resorption, 
especially in patients with chronic inflammatory diseases, 
followed by a subsequent decrease in bone resorption. This 
might explain, at least in part, the biphasic skeletal response 
to glucocorticoids. The changing pattern of bone remodeling 
with long-term glucocorticoids (initial suppression of bone 
formation and increase in bone resorption, followed by sup-
pression of formation and resorption) raises concern regard-
ing the use of potent antiresorptive medications, such as 
bisphosphonates and denosumab, for treatment of GIO 
beyond the first several years [24]. The observation that frac-
ture risk for patients on glucocorticoids rises early in the 
course of exposure and is greater than expected for the level 
of BMD is consistent with loss of bone strength due to deg-
radation of bone quality (e.g., bone turnover, bone microar-
chitecture) and osteocyte apoptosis [25]. Long-term 
glucocorticoids also have nonskeletal consequences (e.g., 
sarcopenia, falls) that increase fracture risk [26].

Glucocorticoids have indirect negative effects on bone cell 
activity mediated by growth factors than include insulin-like 
growth factor I (IGF-I) and sex steroids [8]. Glucocorticoids 
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also reduce intestinal calcium absorption and inhibit renal 
tubular resorption of calcium. In addition, there are important 
nonskeletal adverse effects of glucocorticoids that influence 
fracture risk, such as loss of muscle mass and strength (sarco-
penia) that can increase the risk of falls [26].

�Assessment of Fracture Risk

Clinicians must be vigilant in assessing fracture risk in 
patients on systemic glucocorticoids. BMD testing by DXA 
is useful for all patients initiating treatment that is expected 
to last for more than 3 months. However, fracture risk may 
increase soon after starting therapy, especially with high 
doses, even before there has been a major decline in 
BMD. The fracture risk algorithm, FRAX [27], assumes an 
average dose of prednisolone (or prednisone) that is 2.5–
7.5  mg daily, or equivalent, for more than 3  months. 
Fracture risk may be underestimated in patients on doses 

higher than 7.5  mg daily. It has been recommended to 
adjust FRAX upward for patients on more than 7.5  mg 
daily by 20% (e.g., from 2.0% to 2.4%) for 10-year proba-
bility of hip fracture and upward by 15% (e.g., from 10% to 
11.5%) for the 1-year probability of major osteoporotic 
fracture [28]. There is limited evidence to suggest that tra-
becular bone score (TBS), a novel grayscale textural analy-
sis of lumbar spine DXA images, might be helpful as an 
independent predictor of fracture risk in patients on gluco-
corticoid therapy [29, 30]. TBS score, if available, can be 
included as a risk factor in the FRAX calculator. Lateral 
spine imaging by  DXA (vertebral fracture assessment - 
VFA) or conventional radiography is recommended to eval-
uate for prevalent vertebral fracture in patients who have 
received glucocorticoid therapy with prednisone 5  mg or 
more daily for at least 3 months [31]. The finding of a pre-
viously unrecognized vertebral fracture may change diag-
nostic classification, assessment of fracture risk, and 
treatment strategies [32].
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Fig. 26.1  Pathophysiology of GIO [8]. The principal direct skeletal 
effects of long-term glucocorticoid therapy are due to a decrease in 
osteoblastic bone formation. Osteocyte function and lifespan is reduced. 
The effects on osteoclastic bone resorption are biphasic, with an initial 

transient increase in resorption followed by long-term decrease. Other 
indirect skeletal effects and nonskeletal effects contribute to high frac-
ture risk with GIO
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�Management

The initial assessment and treatment of patients starting or 
continuing long-term glucocorticoid therapy is much the 
same as for osteoporosis of other causes [33]. This includes 
a thorough skeletal-related medical history and focused 
physical examination. The patient should be counseled 
regarding healthy lifestyle and good nutrition, with particu-
lar attention to adequacy of calcium and vitamin D intake 
and prevention of falls. Fracture risk should be assessed 
and in appropriately selected patients (see Guidelines) 
pharmacological therapy to reduce fracture risk should be 
started. Medications approved for prevention and/or treat-
ment of GIO include alendronate, risedronate, zoledronic 
acid, denosumab, and teriparatide [34]. Each of these 
agents increases BMD in patients receiving glucocorti-
coids, and some have been associated with a reduction in 
fracture risk [9]. Teriparatide, the only anabolic agent 
approved for treatment of GIO, reduces vertebral fracture 
risk more than alendronate [35]. Teriparatide is the only 

approved drug that directly addresses the primary mecha-
nism of bone loss with GIO – impairment of osteoblastic 
bone formation [36].

�Guidelines

The American College of Rheumatology (ACR) conducted a 
systematic review of the evidence for benefits and harms of 
options for prevention and treatment of GIO and then used a 
group consensus process to develop clinical practice guidelines 
[34]. Patients were stratified according to level of fracture risk 
(low or moderate/high), age (over 40  years or 40  years and 
older), and childbearing potential. Recommendations for spe-
cial populations, such as children and people with organ trans-
plantation, were also included. A summary of selected elements 
of the ACR guidelines and recommendations for a guideline 
framework from a working group of the International 
Osteoporosis Foundation and the European Society of Calcified 
Tissues [37, 38] is provided in Table 26.1. Guidelines can never 

Table 26.1  Recommendations for the management of glucocorticoid-induced osteoporosis (GIO)

Category 2017 ACR guidelines [34] 2012 IOF-ECTS framework [37, 38]
Population addressed Adults and children receiving glucocorticoids (prednisone > 

2.5 mg daily) for ≥3 months
Men and women age ≥18 years receiving any dose 
of oral glucocorticoid therapy for ≥3 months

Initial BMD testing Adults ≥ age 40 years: as soon as possible when starting 
glucocorticoids (at least within 6 months)
Adults < age 40 years: same as above when fracture risk is 
high due to previous fracture or osteoporosis risk factorsa are 
present

BMD testing for intermediate risk patients when 
treatment decisions are not clear according to 
clinical risk factors

Follow-up BMD testing Adults ≥ age 40 years: every 1–3 years when not treated with 
osteoporosis medication; every 2–3 years when treated with 
osteoporosis medication
Adults < age 40 years: every 2–3 years when fracture risk is 
moderate/highb

BMD testing at appropriate intervals

FRAX Adults ≥ age 40 years with adjustment for glucocorticoid dose Use with adjustment for glucocorticoid dose
Nonpharmacological 
therapy

Calcium 1000–1200 mg/day, vitamin D 600–800 IU/day with 
serum level ≥20 ng/mL; lifestyle modifications

Adequate intake of calcium and vitamin D with 
supplements if needed; lifestyle modifications

Initial pharmacological 
therapy

Adults (women not of childbearing potential and men) at 
moderate/high riskb: oral bisphosphonate; if not appropriate, 
consider IV bisphosphonate, teriparatide, denosumab, 
raloxifene for postmenopausal women (in order of preference)
Women of childbearing potential not planning pregnancy 
during osteoporosis treatment at moderate/high riskb: oral 
bisphosphonate; teriparatide as second-line therapy; when 
these are not appropriate, IV bisphosphonate, denosumab (in 
order of preference)

Initiate treatment for postmenopausal women and 
men ≥ age 50 years according to country-specific 
thresholds with FRAX with or without 
BMD. Treatment options include alendronate, 
etidronate, risedronate, zoledronic acid, and 
teriparatide. Bone-protective therapy may be 
appropriate is some premenopausal women and 
men < age 50 years

These are the highlights of recommendations from two sources [37, 38]. They are similar with many of the essential components in the manage-
ment of GIO but differ according to many elements, including the time of release and the scope of the recommendations. For details, see the pri-
mary references
aRisk factors – malnutrition, significant weight loss or low body weight, hypogonadism, secondary hyperparathyroidism, thyroid disease, family 
history of hip fracture, smoking, alcohol use ≥ units/day
bModerate risk – adults < age 40 years, hip or lumbar spine Z-score <−3.0 or rapid bone loss (≥10% at hip or lumbar spine over 1 year) and con-
tinuing glucocorticoid treatment at ≥7.5 mg/day for ≥6 months; adults ≥age 40 years, glucocorticoid-adjusted FRAX major osteoporotic fracture 
risk 10–19%, hip fracture risk >1%, and <3%; high risk = adults < age 40 years, prior osteoporotic fracture; adults ≥ age 40 years, prior osteopo-
rotic fracture, hip or lumbar spine T-score ≤ −2.5  in men age ≥ 50 years and postmenopausal women, glucocorticoid-adjusted FRAX major 
osteoporotic fracture risk ≥20%, hip fracture risk ≥3%
ACR American College of Rheumatology, IOF International Osteoporosis Foundation, ECTS European Calcified Tissue Society, IV intravenous, 
BMD bone mineral density
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accommodate the many variations of clinical circumstances 
occurring with individual patients and evolving concepts in the 
management of skeletal diseases. Concerns regarding the 2017 
ACR guidelines have been raised [39]. These include the de-
emphasis of the use of anabolic therapy compared with the 
2010 ACR guidelines, the recommendation to avoid deno-
sumab for renal transplant patients, failure to recommend VFA 
to evaluate for possible vertebral fracture, and overly stringent 
criteria for defining treatment failure. As always, treatment 
decisions in clinical practice should be individualized.

�Lessons from the Patient Case Report

Evaluation of skeletal health is mandatory for patients receiv-
ing long-term glucocorticoid therapy. Particular attention 
should be directed to optimizing lifestyle and nutrition, assess-
ing fracture risk, and initiating pharmacological therapy 
when appropriate. BMD testing by DXA is a useful tool in the 
assessment of fracture risk, recognizing that these patients 
may fracture at a higher level of BMD than patients not on 
glucocorticoids. Vertebral fractures, the most common type of 
osteoporotic fracture, may not be clinically apparent. Spine 
imaging by VFA or conventional X-rays may identify previ-
ously unrecognized vertebral fractures, which could change 
diagnostic classification, assessment of fracture risk, and 
treatment decisions. Vertebral fractures may have adverse 
effects on pulmonary function, which is especially detrimental 
to patients with preexisting COPD.  While bisphosphonates 
are the most commonly used medications to treat GIO, there is 
some evidence suggesting that anabolic therapy is more effec-
tive at reducing the risk of vertebral fractures.

�Summary

Systemic glucocorticoids are a common cause of drug-
induced osteoporosis. Fractures due to GIO can occur early 
in the course of therapy and may have devastating conse-
quences. Physicians should be vigilant at evaluating patients 
on glucocorticoids, assessing fracture risk, and initiating 
countermeasures to reduce fracture risk. Evidence-based 
guidelines are available to assist physicians in managing 
patients with GIO. The care of individual patients should be 
customized according to all available clinical information.
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