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Purpose
To evaluate the incidence of fragility fractures associated with high-dose glucocorticoid therapy in patients with
systemic rheumatic disease.
Methods: A retrospective study of patients whowere treatedwith high-dose prednisolone (N0.8 mg/kg) for sys-
temic rheumatic disease at Kobe University Hospital fromApril 1988 toMarch 2012. The primary outcomewas a
major osteoporotic fracture (defined as a clinical vertebral, hip, forearm, or proximal humerus fracture) after
high-dose glucocorticoid therapy. For postmenopausal women and men over 40 of age, the patient's fracture
risk at the beginning of high-dose glucocorticoid therapy was assessed by theWorld Health Organization's Frac-
ture Risk Assessment Tool (FRAX®).
Results
Of 229 patients (median age: 49 years), 57 suffered a fragility fracture during the observation period (median ob-
servation period: 1558 days). Of 84 premenopausal patients, 5 suffered a fracture. In contrast, of 86 postmeno-
pausal female, 36 suffered a fracture. Fragility fractures were far more frequent than predicted by the FRAX®

score. Patients with FRAX® scores over 8.3% had a particularly high risk of fracture.
Conclusions
Fragility fractures associated with high-dose glucocorticoid therapy are common among postmenopausal
women. Extreme care should be taken especially for postmenopausal women when high-dose glucocorticoid
therapy is required.

© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Glucocorticoid (GC) therapy is the primary treatment option for pa-
tientswith systemic rheumatic disease. Osteoporosis,which is a common
complication of high-dose GC therapy, is associatedwith significantmor-
bidity and mortality. Although awareness of GC-induced osteoporosis
(GIO) has increased in recent years, GIO remains underdiagnosed and
undertreated. GIO's distinctive characteristics include rapid bone loss
and an increase in fracture risk shortly after beginningGC therapy; there-
fore, the primary preventionof fractures in high-risk individuals is critical
(Compston, 2010).
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. This is an open access article under
The American College of Rheumatology (ACR) published Recommen-
dations for the Prevention andTreatment of Glucocorticoid-InducedOste-
oporosis in 1996 (American College of Rheumatology Task Force, 1996),
and various guidelines have since been published for other countries
(American College of Rheumatology Ad Hoc Committee, 2001) (Bone
and Tooth Society of Great Britain, National Osteoporosis Society, Royal
College of Physicians, Glucocorticoid-induced-osteoporosis guidelines
for prevention and treatment, 2002) (Devogelaer et al., 2006) (Watts et
al., 2008) (Grossman et al., 2010) (Suzuki et al., 2014). Some of these
guidelines use theWorld Health Organization's Fracture Risk Assessment
Tool (FRAX®),which uses a computer-based algorithm(http://www.shef.
ac.uk/FRAX) to calculate the 10-year probability of a major osteoporotic
fracture (definedas a clinical vertebral, hip, forearm, or proximal humerus
fracture) and the 10-year probability of a hip fracture (Watts et al., 2008)
(Grossman et al., 2010). FRAX® integrates seven clinical risk factors—a
prior fragility fracture, a parental history of hip fracture, smoking, use of
systemic corticosteroids, rheumatoid arthritis, secondary osteoporosis,
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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and excessive alcohol intake—which, in addition to age and sex, contrib-
ute to fracture risk independently of bone mineral density (BMD)
(Kanis et al., 2008).

Although FRAX® is a valuable tool, it can underestimate risks be-
cause it does not include dose-response effects from contributing fac-
tors. For instance, there is strong evidence that the risks associated
with excessive alcohol consumption (Berg et al., 2008), smoking
(Hollenbach et al., 1993), and GC use (van Staa et al., 2000) are dose-re-
sponsive, and that the risk of fracture increases progressively with the
number of prior fractures (Lindsay et al., 2001). However, FRAX® scores
do not reflect these graded risks. Kanis et al. proposed adjusting FRAX®

scores according to GC dosage, using these simple rules: for low-dose
exposure, defined as b2.5 mg/day prednisolone or the equivalent, the
probability of a major fracture is about 20% less than predicted by the
FRAX® score (although this result also depends on the patient's age).
For a dosage of 2.5–7.5 mg/day prednisolone, the unadjusted FRAX®

score can be used. For a dosage N7.5mg/day prednisolone, the probabil-
ity is revised upward by about 15% (Kanis et al., 2011). However, these
guidelines do not adequately assess the risks associated with high-dose
GC therapy (prednisolone 0.8 mg/kg/day or more, equal to 40mg pred-
nisolone/day for a 50-kg patient), which is often used for patients who
are severely affected by a rheumatic disease. The adjusted relative frac-
ture rate increases drastically for daily GC doses above 20mg predniso-
lone (van Staa et al., 2000). Despite this dramatic increase in the risk of
fractures, the incidence rate of fragility fractures after high-dose GC
therapy has not been reported.

Bisphosphonates, a family of anti-osteoporosis drugs that strongly
inhibit osteoclasts, are reported to treat GIO effectively (Saag et al.,
1998) (Cohen et al., 1999) (Reid et al., 2000) (Wallach et al., 2000)
(Adachi et al., 2001) (de Nijs et al., 2006) (Reid et al., 2009) (Stoch et
al., 2009) (Fahrleitner-Pammer et al., 2009) and are listed as a first-line
pharmacologic intervention in several GIO-treatment guidelines (Bone
and Tooth Society of Great Britain, National Osteoporosis Society, Royal
College of Physicians, Glucocorticoid-induced-osteoporosis guidelines
for prevention and treatment, 2002) (Devogelaer et al., 2006) (Watts
et al., 2008) (Grossman et al., 2010) (Suzuki et al., 2014). Thus,many pa-
tients undergoing high-dose GC therapy also take bisphosphonates.
However, bisphosphonate therapy for GIO has been studied only in pa-
tients receiving 20 mg/day prednisolone or less, and its efficacy for
preventing fragility fractures associated with high-dose GC therapy has
not been studied. Although newer, more effective GIO-prevention
drugs have become available recently or are in development, it is not
clear which patients on high-dose GC therapy should be given the
newer drugs.

This retrospective study was conducted to research the incidence
rate of fragility fractures in patients treated with high-dose GC therapy
in a real-world clinical setting, and to investigate the discrepancy
Table 1
Baseline subject characteristics.

Disease Number Female Median Age
[25%–75%]

Median Observatio
Period [25%–75%]

SLE 76 66 (86.8) 30.5 [24–37] 2226 [1124–3085]
Vasculitisb 58 45 (75.9) 66 [47.8–70.8] 1166 [618.3–2087]
PM/DM 51 34 (66.7) 58 [47–69] 1655 [676–2587]
AOSD 12 7 (58.3) 37.5 [26–56] 1613 [1215–2335]
MCTD 7 6 (75) 42 [35–54] 1975 [1768–2540]
Othersc 25 12 (48) 63 [57.5–70] 833 [283–2650]
Total 229 170 (74.2) 49 [31–66] 1558 [803–2596]

AOSD= adult-onset Still's disease.
a FRAX is calculated for postmenopausal women and men over 40 of age.
b Vasculitis syndromes: Takayasu arteritis (11); giant-cell arteritis (11); microscopic polyan

angiitis (6); Behcet's disease (5); rheumatoid vasculitis (4); unclassified vasculitis (4). bOther d
osis (2); diffuse fasciitis (3); systemic sclerosis (2); relapsing polychondritis (2); idiopathic t
eosinophilic pneumonia (1); and pachymeningitis (1).

c 52 clinical spinal, 3 hip, 1 humerus and 1 wrist fracture.
between the FRAX 10-year probability of a major osteoporotic fracture
and the actual fracture rate.

2. Methods

This study was reviewed and approved by the ethics board of Kobe
University Hospital prior to enrolling the subjects.

We retrospectively reviewedmedical records for all patients treated
for systemic rheumatic disease at Kobe University Hospital from April
1998 to March 2012. In total, 2094 medical records were reviewed.
The patients treated with prednisolone at a dose N0.8 mg/kg/day were
eligible for the study if they were followed continuously for at least
1 year after beginning treatment, andwere not treatedwith teriparatide
or denosumab. Based on these inclusion and exclusion criteria, 1865 re-
cords were discarded. We included 229 patients in the analysis.

The primary outcome for this study was a major osteoporotic frac-
ture (defined as a clinical symptomatic vertebral, hip, forearm, or prox-
imal humerus fracture) after high-doseGC therapy.We identifiedmajor
osteoporotic fracture by retrospective medical record review. The diag-
nosis of osteoporotic fracture had been made mainly by rheumatolo-
gists or local orthopedist.

For postmenopausalwomen andmenover 40 years of age, we calcu-
lated the 10-year probability of a major osteoporotic fracture by using
Japanese version of FRAX®, with or without femoral BMD, at the start
of high-dose GC therapy. For patients who sustained a fragility fracture
during the observation period for any given course of GC therapy, we
used the data from the most recent admission and treatment period
prior to the fracture.

We collected clinical information of each patient. For postmeno-
pausal women and men over 40 years of age, we calculated the FRAX®

10-year probability of a major osteoporotic fracture, with or without
femoral BMD, at the start of high-dose GC therapy. Patients were con-
sidered to have received bisphosphonate and/or active vitamin D treat-
ment if they are prescribed those medicines for at least 80% of the
observation period. Patients who are prescribed bisphosphonate and/
or active vitamin D treatment for b80% of the observation period were
used as comparison subjects; most of these patients are prescribed
bisphosphonates or Vitamin D for b20% of the observation period.

To assess calibration (i.e., the degree of similarity between predicted
and observed risks), we stratified the postmenopausal women andmen
over 40 years of age into 4 groups according to their FRAX® score and
compared the 10-year probability of a major fragility fracture with the
observed incidence of fractures in our real-world clinical setting.

The fracture incidence was calculated using the Kaplan-Meier meth-
od. We used the Cox proportional hazard model for multivariable anal-
ysis of the incidence of fragility fractures after high-doseGC therapy; the
variables analysed included the FRAX® 10-year probability of a major
n Median FRAXa

[25%–75%]
Bisphosphonates
prescription (%)

Prior high-dose
GC (%)

Fragility
Fracture (%)

5.3 [3.7–10.9] 28 (36.8) 30 (39.5) 6 (7.8)
14 [6.8–24] 38(65.5) 9 (15.5) 18 (31)
9 [5.9–14] 34 (66.7) 5 (9.8) 18 (35.3)

7.2 [3.2–9.8] 7 (58.3) 1 (8.3) 2 (16.7)
5.7 [2.8–10] 6 (85.7) 2 (29) 1 (14.2)
6.7 [4.9–13] 9 (36) 4 (16) 12 (48)
9 [5.2–15] 122 (53.2) 51 (22.2) 57c (24.9)

giitis (10); granulomatosis with polyangiitis (7); eosinophilic granulomatosis with poly-
iseases: IgG4-related disease (4); Castleman's disease (3); overlap syndrome (3); sarcoid-
hrombocytopenia (1); autoimmune haemolytic anaemia (1); autoimmune hepatitis (1);



Table 2
Characteristics of patients with and without fragility fractures.

Women (n=170) Men (n=59)

premenoposal (n=84) postmenoposal (n=86)

Fracture (n = 5) Fracture-free (n = 79) Fracture (n = 36) Fracture-free (n = 50) Fracture (n = 16) Fracture-free (n = 43)

Bisphosphonate prescription 1 (25%) 27 (34.2%) 24 (66.7%) 36 (72%) 8 (50%) 26 (60.5%)
Active Vitamin D prescription 3 (60%) 53 (67.1%) 17 (47.2%) 32 (64%) 9 (56.3%) 15 (34.9%)
Methylprednisolone pulse therapy 5 (100%) 43 (54.4%) 17 (47.2%) 16 (32%) 3 (18.8%) 21 (48.8%)
Prior high-dose GC treatment 4 (80%) 26 (32.9%) 5 (13.9%) 4 (8%) 6 (37.5%) 5 (11.6%)
FRAX (major fractures) − − 14.5 10 [4.9–16.8] 8.5 [5.0–12.0]1 6.1 [4.2–8.5]1

1 FRAX 10-year probability of a major osteoporotic fracture is calculated for male over 40 years of age.

Fig. 1. Kaplan-Meier analysis after high-dose glucocorticoid therapy.
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osteoporotic fracture at baseline, one or more previous cycles of high-
dose GC therapy, and the use of bisphosphonate, active vitamin D, or
methylprednisolone pulse therapies. We used estimated receiver oper-
ating characteristics (ROC) curves to estimate the optimal cut-off value
for the FRAX® 10-year probability of a major osteoporotic fracture, and
the sensitivity and specificity at the estimated optimal cut-off value. All
statistical analyses were performed using R version 3.0.3 (R Foundation
for Statistical Computing, Vienna, Austria), and P b 0.05 was considered
significant. All statistical tests were two-tailed.

3. Results

This study included 229 patients. There were 76 patients with sys-
temic lupus erythematous (SLE), 58 with vasculitis syndrome, 51 with
polymyositis/dermatomyositis (PM/DM), 12with adult-onset Still's dis-
ease (AOSD), 7 with mixed connective tissue disease (MCTD) and 25
with other diseases. There were 84 premenopausal women, 86 post-
menopausal women and 59 men. The median observation period was
1558 days. Fragility fractures occurred in 57 patients during the obser-
vation period. Clinical spinal fractures occurred in 52 patients, hip frac-
tures in 3 patients, wrist in 1 patient and proximal humerus fracture in 1
patient. (Table 1).

When comparing patients with or without fractures during the ob-
servation period, we found no significant difference in the percentage
of patients who received methylprednisolone pulse therapy or were
prescribedbisphosphonate or active VitaminD for at least 80%of the ob-
servation period (Table 2). Kaplan-Meier analysis showed postmeno-
pausal women are at greatly increased risk of fragility fractures after
high-dose GC therapy (Fig. 1).

To investigate the correlation between FRAX® and observed fracture
rate, we preformed subgroup analysis for the postmenopausal women
andmen over 40 years of age. The incidence of fragility fractures during
the observation period after high-dose GC therapy was considerably
higher than the incidence predicted by the FRAX® 10-year probability
scores assessed prior to the GC therapy (Table 3).

In multivariable analysis, bisphosphonate treatment, active vitamin
D treatment, and methylprednisolone pulse therapy were found not to
be related to fragility fractures. As expected, the FRAX® score was asso-
ciated with the incidence of fragility fractures. In addition, a history of
previous cycles of high-dose GC therapy was associated with a signifi-
cant increase in the risk of fragility fractures (Table 4).

An ROC-curve analysis found that the optimal FRAX® 10-year prob-
ability cut-off for suffering major osteoporotic fractures after high-dose
GC therapy was 8.3% (sensitivity 70.6%, specificity 57.5%, AUC 0.661).
Kaplan-Meier analysis revealed a significant difference in fracture fre-
quency between patients with FRAX® scores N8.3% and those with a
score of 8.3% or less (Fig. 2).

4. Discussion

The pathogenesis of GIO is thought to result from the direct effect of
excess GC on bone cells (osteoclasts, osteocytes, and osteoblasts) and
from indirect effects mediated by a negative calcium balance, the
reduced production of gonadal hormones, and detrimental effects on
themuscle (Canalis et al., 2007) (Hofbauer & Rauner, 2009). GC's direct
effect is characterized by an early, transient phase of increased bone re-
sorption, along with reduced bone formation throughout the duration
of GC therapy. This early increase in bone resorption is thought to be a
major contributor to the bone loss and the increase in fracture risk
that develops within the first few months of GC therapy (Compston,
2010).

In the ACR guidelines for GIO prevention, the FRAX 10-year risk of a
major osteoporotic fracture is defined as low if b10%, medium if 10–
20%, and high if over 20%. However, the use of FRAX® to estimate GIO-
associated fracture risks has been criticized, since FRAX® does not take
GC dose-response effects into account and can thus underestimate frac-
ture risk (Suzuki et al., 2014) (Weinstein, 2011). FRAX® is deemed to be
appropriated for patients on a prednisolone treatment regimen of 2.5–
7.5 mg daily (Kanis et al., 2011). To our knowledge, FRAX® scores
have not been validated for patients on high-dose GC treatment regi-
mens. There are several likely reasons for this lapse. Relatively few pa-
tients require high-dose GC. The total GC dosage is not uniform among
patients or even for one patient over time, since the initial high GC dos-
age is gradually tapered off as the disease responds. High-dose GC ther-
apy is used to treat serious illnesses, and GIO generally receives less
attention than the original disease. Our data shows that fragility frac-
tures are occurred much higher frequently than FRAX® would predict.
Most importantly, the median observation period is much shorter
than 10 years that is the anticipated observation period for FRAX®

(Table 3).



Table 3
Discrepancy between the FRAX 10-year probability of a major osteoporotic fracture and observed fractures.

FRAX Mean FRAX (%) Number of patients Fractures Fracture rate (%) Median observation period (year)

Total (n = 131) 0%- b5.3% 3.6 33 6 18.2 1.4
5.3%- b9% 7 32 12 37.5 2
9%- b15% 11.7 30 13 43.3 2.1
≥15% 26.7 36 20 55.6 0.8

Postmenopausal women (n = 86) 0%- b6.3% 4.1 22 5 22.7 3.2
6.3%- b12% 8.7 19 8 42.1 3.9
12%- b22% 15.2 23 12 52.2 0.7
≥22% 32.9 22 11 50 0.7

Men over 40 years of age (n = 45) 0%- b4.5% 3.2 12 2 16.7 1.4
4.5%- b6.6% 5.5 10 3 30 0.3
6.6%- b9.2% 7.7 11 4 36.4 1.5
≥9.2% 12.3 12 6 50 1.6
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Recently, patients with severe rheumatic disease show improved
outcomes when treated with GCs and immunosuppressants. Since GIO
can cause fragility fractures even in young patients with rheumatic dis-
ease, attention should be given to preventing GIO.

Our data shows that the patients with SLE are lower risk of fragility
fractures than other rheumatic disease. This is attributed to the fact
that most of SLE patients are younger and greater population of pre-
menopausal women than other disease. In fact, it is reported that SLE it-
self is associated with low BMD or osteoporosis (Pineau et al., 2004)
(Tang et al., 2013) (Sun et al., 2015). There are some reasons such as in-
flammation, vitaminD deficiency, and premature ovarian failure for risk
of low BMD (Lin & Grossman, 2016). Thosemechanisms are occurred in
other rheumatic diseases than SLE andmay also contribute to very high
frequency of fragility fracture in this study.

In this retrospective study, there is no significant difference in frac-
ture incidence between bisphosphonates prescription group and com-
parison group. Currently, bisphosphonate is the most preferred drug
and has been proven the efficacy for GIOP in many studies (Saag et al.,
1998) (Cohen et al., 1999) (Reid et al., 2000) (de Nijs et al., 2006) (Reid
et al., 2009) (Stoch et al., 2009) (Fahrleitner-Pammer et al., 2009). How-
ever, the primary end point of these studies are BMD, not fracture inci-
dence. In a post hoc analysis of the combined two studies and a follow
up study, bisphosphonate reduced the vertebral fracture rates compared
to the placebo group (Wallach et al., 2000) (Adachi et al., 2001). Al-
though a meta-analysis found that bisphosphonate reduced the odds of
spinal fracture by 24% in GIO patients [OR 0.76 (95% CI 0.37, 1.53)], this
result was not significant (Homik et al., 2000).

There are all sorts of other reasons why bisphosphonate could not
reduce the fragility fracture risk in our data. First, since the osteoporotic
effect of GC is dose-dependent, it would not be surprising for the osteo-
porotic effect of high-dose GC therapy to overwhelm and effectively
cancel out the effect of bisphosphonates. Second, the timing of the initial
bisphosphonate treatment varied among the patients. Some started bis-
phosphonate treatment simultaneously with high-dose GC therapy,
while others began taking bisphosphonates one month after high-
Table 4
Multivariate survival analysis.

Total (n = 131)

Adjusted hazard ratio 95% CI

FRAX (continuous, log-transformed) 2.26 1.52–3.38
Bisphosphonate comparison subjects 1 (reference)
Bisphosphonate prescription group 0.84 0.45–1.54
Active Vitamin D comparison subjects 1 (reference)
Active Vitamin D prescription group 0.82 0.47–1.43
No methylprednisolone pulse treatment 1 (reference)
Methylprednisolone pulse treatment group 1.14 0.61–2.13
No prior high-dose GC treatment 1 (reference)
Prior high-dose GC treatment 2.49 1.18–5.28

Adjusted by bisphosphonate, vitamin D, or mPSL pulse therapy, a history of high-dose GC, and
dose GC treatment. The initial phase of GC therapy is a critical period
for preventing GIO. Third, we conjecture the other reason, the adher-
ence and persistence of bisphosphonates are usually poor. In observa-
tional studies, one year persistence rate of bisphosphonate is 27.9
to74.8% (Weycker et al., 2006) (Ideguchi et al., 2007) (Gallagher et al.,
2008) (Cotte et al., 2010) (Hadji et al., 2012). Recent study reported
that 80% of patients discontinued the bisphosphonates before complet-
ing 5 year treatment (LaFleur et al., 2015). The adherence to
bisphosphonates in our study is unclear and able to be examined accu-
rately. High-dose GC therapy is so high risk of the fragility fracture that
the potentially non-adherence medicine may be insufficient. Another
possible explanation for ineffectiveness of bisphosphonates on high-
doseGC induced osteoporosis is based on reverse causality.We adjusted
osteoporotic risk factor by using FRAX® as moderator variables. Never-
theless, we cannot eliminate the bias or the reverse causality derived
from study design. Further work would be needed to assess the effects
of bisphosphonate for preventing fragility fracture in patients undergo-
ing high-dose GC therapy.

Our study found two risk factors for fragility fractures induced by
high-dose GCs: a high FRAX® 10-year probability for a major osteo-
porotic fracture, and two or more cycles of high-dose GC therapy.
Our ROC analysis found an optimal FRAX® cut-off of 8.3 for
predicting fragility fractures, even though the AUC of the ROC was
fairly low. Although the ACR's GIO guidelines define a FRAX® score
of 10% or less as low-risk, we found that postmenopausal patients
treated by high-dose GC therapy often suffered from fractures even
if their FRAX® score was below 10% and they were treated with bis-
phosphonate. Therefore, postmenopausal patients, especially with
a FRAX® score of 8.3% or more should be considered high-risk even
if they are taking bisphosphonate. Although the use of FRAX® to as-
sess GIO risk has been criticized (Compston, 2010) (Weinstein,
2011), our study shows the importance of FRAX® as a relative, not
absolute, risk-assessment tool for GIO, and supports the use of
FRAX® as a simple, comprehensive, and globally validated method
to assess fracture risk.
Postmenopausal Women (n = 86) Men over 40 years of age (n = 45)

Adjusted hazard ratio 95% CI Adjusted hazard ratio 95% CI

2.41 1.45–3.99 3.21 1.03–9.98
1 (reference) 1 (reference)
0.67 0.31–1.44 1.21 0.41–3.54
1 (reference) 1 (reference)
0.72 0.36–1.44 1.27 0.40–3.87
1 (reference) 1 (reference)
1.68 0.79–3.61 0.4604 0.13–1.69
1 (reference) 1 (reference)
1.24 0.43–3.60 3.46 1.12–10.73

FRAX score.



Fig. 2. ROC curve analysis. The optimal cut-off of the FRAX® 10-year probability score associatedwith fragility fracture was 8.3%. Thus, the risk of fragility fractureswas significantly higher
for patients with FRAX® scores of 8.3 or higher.
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Our study has some limitations. First, because the study was retro-
spective, our results might be explained by reverse causation as men-
tioned above. Second, our studyhas lowpowerdue to a small sample size.

Our study is the first to report the incidence of fractures with high-
dose GC therapy in a real-world clinical setting. We found a very high
incidence of fragility fractures in postmenopausal patients treated
with high-dose GC.

Because of some bias, our data did not show the fracture prevention
effect with bisphosphonate nor vitamin D in the patients underwent
high-dose GC therapy. New anti-osteoporotic drugs other than bisphos-
phonate are available or will soon launched. Teriparatide showed better
anti-osteoporotic effect than risedronate in GIO (Gluer et al., 2013)
(Amiche et al., 2016). The clinical trial with denosumab in GIO is in
progress, and the results are urgently needed. However, the studies
with newer drugs are not also conducted with high-dose GC therapy.
High-dose GC therapy is very high-risk for fragility fractures again. It is
important to prioritize clinical trials of the anti-osteoporotic drugs, so
that effective treatments can be used as soon as possible in the patients
who need high-dose GC therapy.
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