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Abstract
Summary We determined the prospective 10-year association
among incident fragility fractures and four glucocorticoid
(GC) treatment groups (Never GC, Prior GC, Baseline GC,
and Ever GC). Results showed that GC treatment is associated
with increased 10-year incident fracture risk in ambulatory
men and women across Canada.
Purpose Using the Canadian Multicentre Osteoporosis Study
dataset, we determined the prospective 10-year association
between incident fragility fractures and GC treatment.

Methods We conducted a 10-year prospective observational
cohort study at nine sites across Canada. A total of 9,263
ambulatory men and women 25 years of age and older were
included in the analysis. Multivariable Cox proportional haz-
ards analyses were conducted to determine the relationship
among GC treatment groups in four levels that included Never
GC, Prior GC, Baseline GC, and Ever GC (combined baseline
and prior groups) and time to fracture.
Results In each of the Never GC, Prior GC, Baseline GC,
and Ever GC treatment groups, the number of participants
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were 8,832 (95.4 %), 303 (3.3 %), 128 (1.4 %), and 431
(4.7 %), respectively. Of the 9,263 individuals enrolled,
incident fragility non-spine, hip, spine, and any fractures
were experienced by a total of 896 (9.67 %), 157 (1.69 %),
130 (1.40 %), and 1,102 (11.90 %) over 10-years, respec-
tively. For men and women combined, prior GC treatment
was associated with a higher hazard ratio (HR) for time to
incident non-vertebral (HR=1.5, 95 % confidence interval
[CI]=1.1, 2.0), hip (HR=2.1, 95 % CI=1.1, 4.0), and any
fracture (HR=1.4, 95 % CI=1.0, 1.8) compared with never
GC treatment.
Conclusions GC treatment is associated with increased 10-year
incident fracture risk; this highlights the importance of consid-
ering therapy to prevent GC-induced fractures for patients who
are using GC for various medical conditions.

Keywords Fracture risk .Fragility fractures .Glucocorticoids

Introduction

Glucocorticoids (GC) are prescribed for a variety of inflam-
matory disorders including chronic obstructive pulmonary
disease, rheumatologic and skin conditions [1], as well as for
transplantation and some infectious diseases. GC therapy
suppresses osteoblast function, increases bone resorption, de-
creases calcium gut absorption, and suppresses endogenous
gonadal steroids, all of which lead to increased bone loss [2,
3]. Major adverse effects of prolonged GC use are decreased
bone mineral density and increased fracture risk [4]. There is
evidence that after GC initiation, bone loss occurs quickly
within the first 3 to 12 months of beginning therapy and that
the risk of GC-induced osteoporosis increases as the dose
increases [4, 5]. However, low doses of GC (<2.5 mg/day)
remain associated with increased fracture risk [5].

GC is considered as a major risk factor for new fractures in
current osteoporosis clinical guidelines [6–8]. GC use is also
utilized in fracture risk assessment tools in determining 10-
year absolute fracture risk [9–12]. The fracture risk assess-
ment tool (FRAX) developed by the World Health Organiza-
tion, considers ever use (current or past) of GC as a part of the
algorithm to calculate the 10-year fracture risk [9, 10]. In the
model developed by the joint initiative of the Canadian Asso-
ciation of Radiologists and Osteoporosis Canada (CAROC),
recent prolonged systemic GC use is considered to increase an
individual’s 10-year fracture risk category by one level (i.e.,
from moderate to high) [11, 12].

To date, there have been limited prospective, population-
based studies examining the relationship between the use of
oral GC and the long-term risk of fracture. Utilizing the
Canadian Osteoporosis Study (CaMos), a large randomly
sampled, Canada-wide longitudinal study that includes men
and women, our purpose was to ascertain any associations

between incident clinical fractures and GC use over a 10-year
period.

Methods

Study cohort

CaMos is a large, prospective population-based cohort of
community dwelling adults that involves nine sites across
Canada (St. John’s, Newfoundland and Labrador; Halifax,
Nova Scotia; Québec City, Quebec; Kingston, Toronto, and
Hamilton, Ontario; Saskatoon, Saskatchewan; Calgary, Alber-
ta; and Vancouver, British Columbia). Details regarding the
purpose and methodology have been published previously
[13]. Briefly, adult CaMos participants ages 25 and older were
recruited, beginning in 1995, from a randomly selected list of
residential telephone numbers from all postal codes within
50 km of each study center. The sampling framework results
in a population representing 40 % of the whole Canadian
population. Informed consent was obtained from each indi-
vidual and the study received approval by the institutional
review boards at each participating center.

For the current study, only those participants with at least
1 year of prospective data were included in the analyses. The
study includes 9,263 participants (2,819 men and 6,444
women).

Data sources

At study entry, an extensive interviewer-administered ques-
tionnaire was conducted in the following subject areas:
sociodemographic and anthropometric, prescription and non-
prescription medication use, dietary intake, medical and frac-
ture history, family history of osteoporosis, and lifestyle data.
The anthropometric and demographic characteristics were
age, sex, height, weight, and educational status. Medications
identified included ovarian hormone therapy, glucocorticoids,
and bisphosphonates. Health-related habits included caffeine
intake, alcohol intake, regular physical activity, and smoking
status.

Glucocorticoid therapy

At baseline, related to their treatment with glucocorticoids,
CaMos participants were divided into four groups. Group 1
consisted of individuals whowere currently taking oral GC for
any medical condition at the start of the study (baseline GC).
The Baseline GC group, however, may have discontinued GC
during the 10-year follow-up period. Group 2 included partic-
ipants who reported previous GC therapy (Prior GC). Previ-
ous users are individuals who had to have been on GC daily
for more than 1 month. Group 3 consisted of individuals who
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had never been on GC (never GC). Never users were defined
as those individuals whowere not included in the Baseline GC
or Prior GC users groups. Group 4 included individuals in
both the Baseline GC and Prior groups (Ever GC). The dose,
type of medication, and precise duration of oral GC use were
not available.

Fracture assessment: baseline and follow-up

Baseline, standardized radiographs of the thoracic and lumbar
spine were obtained for participants ages 50 and older. Mor-
phometric vertebral fractures at baseline were included in
prevalent fractures. To identify morphometric fractures, radio-
graphs were quantitatively examined for vertebral fractures
using a digital graphics tablet. Vertebral bodies were exam-
ined by measuring the anterior, middle, and posterior heights
of lateral thoracic and lumbar bodies on the radiographs.
References norms for vertebral shape were determined from
a subset of the CaMos population. Vertebral fractures were
defined as a vertebral ratio at either the anterior, middle, or
posterior heights, which is greater than three standard devia-
tions below the normal group [14]. Baseline non-vertebral
fractures were based on self-reports; prevalent non-vertebral
fractures included fragility fractures (i.e., resulting from force
of a fall from a standing height or less) and included hip,
pelvis, ribs, forearm, and other sites (but excluded finger, toe,
and face fractures). All participants with baseline vertebral
morphometric and non-vertebral fractures were classified into
the prevalent fracture category (yes/no).

The occurrence of clinically recognized incident, fragility
fractures at non-spine, spine, hip, or other sites was deter-
mined over a period of 10 years based on a yearly postal
questionnaire. Participants who reported experiencing a frac-
ture during the intervening year were asked for consent to
contact their treating physician or hospital for verification and
for acquisition of further details. Non-vertebral fractures are as
defined above. Incident vertebral fractures were clinically
recognized vertebral fractures (based on self-reports and thus
incident morphometric vertebral deformities were not
included).

Statistical analysis

Continuous values are expressed as means and standard devi-
ations (SD) and categorical values are expressed as counts and
percentages. Two distinct GC variables were developed for
this analyses: (1) included three categories: Baseline GC, Prior
GC, and Never GC with the reference level being Never GC;
(2) the other category included two levels: Ever GC (Baseline
and Prior GC), and Never GCwith Never GC as the reference.
Chi-squared statistics were performed to determine differ-
ences in absolute 10-year incident clinical fragility fracture
rates between Never GC versus Ever GC, and Baseline GC

versus Prior GC groups. Multivariable Cox proportional haz-
ards analyses were conducted to determine the relationship
between GC use and time to fracture (at non-vertebral, spine,
hip, or other sites). GC analyses were conducted separately for
each GC variable for all participants combined and for men
and women separately. We used the exact method to handle
ties in the times-to-event analyses. For each model, we report-
ed adjusted hazard ratios (HRs) and 95% confidence intervals
(CI). The analyses were adjusted for antiresorptive therapy
(including any bisphosphonates, SERM, ovarian hormone
therapy, or calcitonin) and categorized as yes/no, sex (men/
women), prior fractures (yes/no), current smoking status (yes/
no), alcohol intake (yes/no; >3 drinks/day), age (years), fem-
oral neck bone mineral density T score, number of co-morbid
conditions (including coronary artery disease or acute myo-
cardial infarction, stroke, chronic obstructive lung disease,
rheumatoid arthritis, liver disease, diabetes, kidney disease,
breast cancer, uterine cancer, prostate cancer, and inflamma-
tory bowel disease), and body mass index (kilogram per
square meter). The covariates were selected a priori for their
potential association with fractures and GC use. To assess the
impact of individuals who were lost to follow-up prior to the
10-year follow-up period on the GC variables (Baseline GC,
Prior GC, and Never GC), a sensitivity analysis was conduct-
ed for individuals who were followed for the entire 10-year
period.

The proportionality assumption was assessed using mar-
tingale residuals. All statistical analyses were performed using
the SAS/STAT (version 9.2; SAS Institute, Cary, NC, USA)
software package running on Windows XP Professional. The
criterion for statistical significance was set at α=0.05.

Results

A total of 9,263 participants, 2,819 men and 6,444 women
ages 25 and older, participated in this 10-year prospective
study (Fig. 1). Most of the participants in the study (>95 %)
had never used GC at baseline. Only 0.2 % of the men and
25 % of the women were on some form of antiresorptive
therapy at the start of the study. Baseline participant charac-
teristics are shown in detail in Table 1.

During the 10-year study period, more fractures occurred in
those who reported treatment with GC as compared with the
Never GC group. Fractures occurred for a total of 896
(9.67 %) of the cohort including non-vertebral fracture in
157 (1.69 %), hip fractures in 130 (1.40 %), and the total for
any fractures was 1,102 (11.90 %) during the 10-year study
period. The absolute fracture rate, for any fracture, was ap-
proximately 21 and 23 % of participants (men and women
combined) for the Prior GC and Baseline GC groups com-
pared with a rate of approximately 11 % in the Never GC
group (Table 2).
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Table 3 summarizes the multivariable Cox proportional
hazards analyses expressed as adjusted hazard ratios and
95 % confidence intervals among those reporting Baseline
GC, Prior GC, and never treatment with GC. Results showed
that prior use of GC was associated with a higher hazard ratio
for time to new fragility fracture at the non-spine, hip, and any
fracture region compared with those who had never taken GC.
Inconclusive results were found for Baseline GC users (all
three groups and all fracture types) versus never GC users.

The sensitivity analysis including only participants that com-
pleted all 10 years of follow-up showed similar results for the
combined and men alone analyses. However, for women,
prior use of GC was associated with a higher hazard ratio for
time to new fragility fracture at the hip compared with those
who had never taken GC (HR 2.95; 95 % CI: 1.31, 6.67). In
our primary analysis (Table 3), the results were inconclusive
for this comparison (HR=1.91; 95 % CI: 0.91, 3.99).

Figure 2a, b, and c display the adjusted hazard ratio and
95 % confidence interval among GC status (two levels: Ever
GC and Never GC) and time to each fracture type for the
whole adult cohort, men and women, respectively. The ever
GC group showed a higher rate of non-spine fracture and any
fracture in the whole group (Fig. 1a). Inconclusive results
were obtained for the hip and spine fractures in the combined
group. In the analysis of men and women separately, signifi-
cantly more non-spine fractures occurred in the Ever GC
group as compared with the Never GC group (Fig. 2b and c).

Discussion

Our study is the first prospective population-based cohort
study to examine the persistent effects of baseline or prior to
baseline GC therapy on fracture risk. These data show that
over 10 years, prior use of GC for a month or more signifi-
cantly increased the risk of incident fragility fractures includ-
ing those at the hip and at any site. This clinically meaningful
increase in fracture risk in those who had previously been
treated with GC (Prior GC) may indicate that an elevated
fracture risk persists, although at a lower level, even after the
discontinuation of GC. Although the exact determinants of
elevated fracture risk in the prior GC group could not be

CaMos participants
N=9423

Participants 
without a 

follow-up visit
N=160

Participants with at 
least one year of 

follow-up
N=9263

Men
N=2819

Women
N=6444

Sensitivity Analysis

Women who 
completed 10 years 

of follow-up
N=4469

Sensitivity Analysis

Men who completed 
10 years of follow-up

N=1778

Fig. 1 Participants selection process of Canadian Multicentre Osteopo-
rosis Study participants 25 years and older

Table 1 Characteristics at base-
line for community-dwelling ran-
domly selected Canadian
Multicentre Osteoporosis Study
participants (age 25 and older) by
categories of glucocorticoid (GC)
therapy

a See text for explanation

Never GC N=8,832 Prior GC N=303 Baseline GC N=128

Number (%)

Participants

Men 2,734 (31.0) 51 (16.8) 34 (26.6)

Women 6,098 (69.0) 252 (83.2) 94 (73.4)

Antiresportive medicationsa 1,508 (17.1) 73 (24.1) 24 (26.6)

Prevalent fragility fractures 1,825 (20.7) 86 (28.4) 51 (39.8)

Smoking status 1,431 (16.2) 27 (8.9) 14 (10.9)

Alcohol≥3 drinks/day 232 (2.6) 5 (1.7) 0 (0.0)

Mean (SD)

Age (years) 61.8 (13.4) 64.5 (11.6) 69.7 (10.4)

T score femoral neck −0.93 (1.08) −1.27 (1.0) −1.59 (1.07)
Number of other disease conditions 0.4 (0.7) 0.9 (1.0) 1.1 (1.1)

Height (cm) 164.0 (9.3) 161.3 (8.3) 162.4 (8.8)

Weight (kg) 72.7 (15.2) 71.6 (15.2) 69.0 (15.6)

Body mass index (kg/m2) 27.0 (4.8) 27.5 (5.4) 26.2 (5.5)
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Table 2 Absolute 10-year incident clinical fragility fractures (Fx) rates in the adult Canadian Multicentre Osteoporosis Study cohort by categories of
glucocorticoid (GC) therapy

Never
GC N (%)

Prior
GC N (%)

Baseline
GC N (%)

P values Never
vs. Prior/Baseline GCa

P values Prior
vs. Baseline GCa

Combined (men, women) 8,832 303 128

Incident non-spine Fx 817 (9.3) 55 (18.2) 24 (18.8) <0.001 0.883

Incident hip Fx 140 (1.6) 14 (4.6) 3 (2.3) <0.001 0.267

Incident spine Fx 117 (1.3) 6 (2.0) 7 (5.5) <0.001 0.053

Any Fx 1,009 (11.4) 64 (21.1) 29 (22.7) <0.001 0.723

Men 2,734 51 34

Incident non-spine Fx 136 (5.0) 9 (17.7) 2 (5.9) 0.001 0.113

Incident hip Fx 29 (1.1) 3 (5.9) 0 (0.0) 0.034 0.150

Incident spine Fx 13 (0.5) 2 (3.9) 0 (0.0) 0.019 0.243

Any Fx 170 (6.2) 10 (19.6) 2 (5.9) 0.004 0.075

Women 6,098 252 94

Incident non-spine Fx 681 (11.2) 46 (18.3) 22 (23.4) <0.001 0.284

Incident hip Fx 111 (1.8) 11 (4.4) 3 (3.2) 0.004 0.622

Incident spine Fx 104 (1.7) 4 (1.6) 7 (7.5) 0.044 0.006

Any Fx 839 (13.8) 54 (21.4) 27 (28.7) <0.001 0.154

a Chi-squared statistics were performed to determine differences in absolute 10-year incident clinical fragility fractures rates between Never GC versus
Ever GC, and Baseline GC versus Prior GC groups

Table 3 Adjusted hazard ratios (HRs) and 95 % confidence intervals for Incident Fragility Fractures (Fx) at various sites among categories of
glucocorticoid (GC) therapy: Baseline GC, Prior GC, and Never GC groups

Combined Sexes Women Men

Incident non-spine Fx

Baseline GC 1.47 (0.94, 2.29) 1.58 (0.99, 2.53) 0.71 (0.16, 3.13)

Prior GC 1.47 (1.09, 1.98) 1.32 (0.95, 1.83) 2.85 (1.43, 5.66)

Never GC 1 1 1

Incident Hip Fx

Baseline GC 0.48 (0.12, 1.97) 0.74 (0.18, 3.10) NA

Prior GC 2.11 (1.12, 3.96) 1.91 (0.91, 3.99) 2.64 (0.77, 9.04)

Never GC 1 1 1

Incident Spine Fxa

Baseline GC 1.08 (0.38, 3.05) 1.20 (0.42, 3.44) NA

Prior GC 0.98 (0.42, 2.27) 0.70 (0.25, 1.93) 4.51 (0.95, 21.44)

Never GC 1 1 1

Any incident Fx

Baseline GC 1.13 (0.73, 1.74) 1.24 (0.79, 1.96) 0.51 (0.12, 2.13)

Prior GC 1.35 (1.02, 1.78) 1.22 (0.89, 1.66) 2.32 (1.21, 4.43)

Never GC 1 1 1

The reference level was Never GC. HRs that are significantly different from the reference are in bold

Analyses were adjusted for antiresorptive therapy (yes/no), sex (men/women), prevalent fragility fractures (yes/no: excluding fractures of face, fingers,
toes but including morphometric vertebral fractures), current smoking status (yes/no), alcohol intake (yes/no; >3 drinks/day), age (years), femoral neck
bone mineral density Tscore, number of co-morbid conditions (including ischemic heart disease or acute MI, stroke, COPD, rheumatoid arthritis, liver
disease, diabetes, kidney disease, breast cancer, uterine cancer, prostate cancer, and inflammatory bowel disease), and body mass index

NA not available
a Clinical spine fracture only and not morphometric vertebral deformities
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determined from this study, the increased fracture risk may be
due to deterioration of bone structure that cannot be repaired
even with the discontinuation of GC therapy.

For Baseline GC users, although our results were inconclu-
sive, the 10-year fracture hazard ratios were clinically relevant
and similar to the results in the Prior GC group. In addition, in
GC users, compared with those who had never been GC treated
(Never GC), the absolute fracture rates for non-vertebral and
all-fragility fractures were approximately doubled and for ver-
tebral fractures increased about fourfold. Although current
guidelines indicate that those taking glucocorticoids should be
concurrently treated with bisphosphonates, they do not indicate
that osteoporosis treatment is needed for previousGC use. The
higher observed absolute fracture rate in those who had previ-
ously been GC treated is important given that osteoporotic
fractures cause deterioration in patients’ quality of life and
increase health care costs [15, 16]. Furthermore, vertebral
fractures and hip fractures are associated with an increased risk
of death in those over the age of 50 years [17]. Given the
consequences of osteoporotic fractures, our study showed the
importance of assessing and treating all of those who have
previously been treated with GC. These results are similar to
other research in different populations [5, 18–20].

The current analyses suggest that GC use is an important
risk factor for future fracture risk regardless of whether a
precise duration and dose of the therapy is known. This
finding supports the FRAX and CAROC fracture risk assess-
ment tools, which do not explicitly specify GC use by a
threshold duration or dose [9–12]. Furthermore, our results
showing a higher risk of incident fracture in the Ever GC
group, as compared with the Never GC group, also further
supports the FRAX model which includes the ever use of GC
(defined as: patients who are currently exposed to oral GC or
has been exposed to oral GC) as a risk factor for osteoporotic
fracture. The confirmation of the association between past GC
treatment and incident fractures is important given that the

FRAX tool is used in 47 countries and the website receives
approximately 35 million hits per year [19].

Although there have been clinically relevant associations
with Baseline GC therapy and incident fragility fractures over
a 10-year period, these results were inconclusive. This is
contrary to several researchers who have showed that fracture
risk increases rapidly after the start of oral GC therapy (within
3 to 6 months) [21–24]. It is possible that, if the Baseline GC
group in our study discontinued the steroids after a few
months of therapy, the individual’s fracture risk would also
decrease and that this could have contributed to a non-
significant increase in fracture risk. Another possible expla-
nation for our finding is that only 128 participants were being
treated with GC at baseline (n=34 men, n=94 women), and
that these numbers may not have been large enough to detect
statistically significant results.

Our study had several strengths that increase the general-
izability of our findings. The study population was drawn
from a randomly selected sample of men and women across
Canada. The duration of the study was 10 years; the same time
frame that is used in the CAROC and FRAX fracture risk
assessment tools that are clinically used throughout Canada
and the world. Finally, our study also adjusted for other
medical conditions that can lead to changes in fracture risk
allowing for a more precise estimate of the relationship be-
tween former GC use and incident fractures.

Nonetheless, this study has a few limitations. Very fewmen
who were taking GC developed hip fractures, and there may
have been an under reporting of vertebral fractures given that
only incident clinically recognized vertebral fractures, and not
morphometric fractures, were examined in this analysis over
the 10-year study period. The small sample size in these
groups may have contributed to the inconclusive results.

The doses and durations of GC therapy in our participants
are not known and both amount and time on GC therapy relate
to fracture risk [15–18]. Our study also included participants

0 2 3 4 5

Spine FX: Baseline/Prior

Any FX: Baseline/Prior

Hip FX: Baseline/Prior

 Non-Spine FX: Baseline/Prior

1

 Non-spine  Hip     Any Spine

Hazard Ratio (95% CI)

0 2 3 4 5

Spine FX: Baseline/Prior

Any FX: Baseline/Prior

Hip FX: Baseline/Prior

 Non-Spine FX: Baseline/Prior

1

 Non-spine  Hip     Any Spine

UP 95% CI: 12.3

Hazard Ratio (95% CI)

0 2 3 4 5

Spine FX: Baseline/Prior

Any FX: Baseline/Prior

Hip FX: Baselinet/Prior

 Non-Spine FX: Baseline/Prior

1

 Non-spine  Hip     Any Spine

Hazard Ratio (95% CI)

a b c

Fig. 2 In the Canadian Multicentre Osteoporosis Study adult cohort, the adjusted odds ratios (95 % confidence intervals) for glucocorticoid (GC)
therapy (Ever GC versus Never GC). aCombined men and women; bMen alone; cWomen alone
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who only were treated with oral GC and did not use parenteral
and higher dose forms of GC. Thus, the results from our study
cannot be extrapolated to persons taking inhaled, intra-
articular, pulse, or other forms of non-oral GC, nor can these
data assess fractures and different oral GC formulations [25,
26]. Furthermore, individuals in the Baseline GC and Never
GC group may have stopped or started GC after the baseline
assessment. This may have reduced the association between
GC and new fractures between the GC groups (causing in-
conclusive results). In addition, GC treatment and incident
fracture assessment were based on self-reports and thus the
reliability of the data may depend on a number of factors [27,
28]. While a majority of underlying diseases for which GC
were prescribed were included in these analyses, we may not
have included all potential diseases that may by independently
associated with fracture. Finally, only ambulatory, community
dwelling participants were enrolled in this study and thus,
results cannot be generalized to those residing in long-term
health facilities.

In conclusion, future prospective studies should aim to
delineate the relationship of dose, duration, and delivery of
GC therapy to incident fragility fracture risk. This study shows
that past or baseline use of GC is associated with an increased
10-year incident fragility fracture risk and supports fracture
assessment tools (FRAX, CAROC). In addition, the findings
highlight the importance for physicians to consider therapy to
prevent GC-related fractures for people who report previous
GC treatment as well as those who now require GC therapy
for a variety of medical conditions.
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