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Abstract

Background: Glucocorticoids (GCs) predispose individuals to fractures by reducing bone mineral den-
sity (BMD) and inducing adiposity. Emerging evidence highlights the harmful effects of adiposity on 
bone and increased fracture risk. This study aims to investigate GC-induced adiposity as a predictor of 
fragility fractures in a large population-based cohort.
Methods: Data were collected from patients referred to a regional Dual-energy X-ray absorpti-
ometry (DEXA) scanner in the northwest of England from 2004 to 2019 for their first DEXA scan. 
Patients underwent bilateral femoral and lumbar spine DEXA scans, providing fat percentage data 
for the abdomen (FPA), left hip (FPLH), right hip (FPRH), and partial body fat (PBF), as well as BMD 
data over the scanned areas. A questionnaire was administered to gather demographic variables, 
Fracture Risk Assessment (FRAX) risk factors, and self-reported history of fragility fractures (defined 
as a fall from standing height after the of age 50). Comparative statistics were conducted between 
GC and non-GC populations, with further analysis of fractured and non-fractured GC subgroups. A 
multivariate logistic regression modeled PBF, FPA, FPLH, and FPRH as predictors of non-spine frac-
tures, adjusting for FRAX risk factors: age, sex, body mass index (BMI), smoking, excess alcohol use 
(defined as >3 units per day), rheumatoid arthritis, history of fracture, family history of fracture, and 
the left femoral T-score.
Results: A total of 8023 GC and 23 523 non-GC patients were referred for scans. The mean age of GC 
patients was 67.3 years (SD 28.3) compared to 63.8 years (SD 13.7) for non-GC patients. Fractured GC 
patients had higher BMIs, weighed more, and had higher levels of adiposity than non-GC patients. 
In the GC population, only peripheral fat was significantly different between fractured and non-frac-
tured groups. Partial body fat% (odds ratio [OR] 3.8, 95% CI 1.2-12.2), FPA% (OR 2.4, 95% CI 1.1-4.8), and 
FPLH% (OR 3.5, 95% CI 1.1-10.6) all predicted non-spine fractures.
Conclusion: A key limitation of this study is the lack of data on the duration and dosage of glucocorti-
coid (GC) administration, which may have influenced the results. Despite this, GC-induced adiposity 
was a significant predictor of non-spine fractures, except for fractures in the Fat percentage at the 
right high (FPRH). High peripheral fat, particularly at the left hip, may indicate regional muscle loss, 
leading to instability and increased fracture risk. Further research is needed to investigate the relation-
ship between GC dosage, timing, adiposity, and fracture risk, as well as to explore interventions aimed 
at reversing compositional changes in patients with a history of GC use to prevent fractures.
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Introduction
Glucocorticoids (GC) are a class of medications that are widely used in several medical disciplines. 
Pharmacologically, they mimic the action of the body’s endogenous glucocorticoid cortisol. They are 
clinically useful as they reduce the body’s inflammatory response.1 Hence, they are used in a multitude of 
diseases where inflammation is a key part of the pathogenesis, including autoimmune diseases such as 
rheumatoid arthritis and systemic lupus erythematosus. Patients can often be prescribed prolonged doses 
of GCs, predisposing them to harmful side effects. These side effects include central obesity, hyperglycemia, 
muscle wasting, and crucially loss of bone mineral density (BMD).2 The principal mechanism of bone loss is 
mediated through a decrease in osteoblast activity while increasing the function of osteoclasts.3 Initial use 
of GCs primarily affects the trabecular bone; however, prolonged use can also affect cortical bone.4 The 
prevalence of fragility fractures as a result of chronic GC use is reported to be as high as 50%, making it a 
massive public health concern.5
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Traditionally, adiposity has been thought to 
be protective against fragility fractures by 
cushioning falls6 as well as increasing the 
mechanical load going through the bones.7 
Furthermore, adiposity’s role in the production 
of estrogen in postmenopausal women is also 
an important factor in bone health.8 Current 
approaches to fracture risk estimation, includ-
ing FRAX® and QFracture®, indirectly consider 
adiposity through the use of body mass index 
(BMI), with increases in BMI being protec-
tive against fractures. However, research has 
highlighted that approaches using BMI may 
underestimate fracture risk in clinically over-
weight populations by not considering the 
true composition of patients.9 Furthermore, 
there is growing evidence highlighting both 
the deleterious effects of adiposity on bones as 
well as an increased risk of fracture in clinically 
overweight and obese patients.9-11

While the interactions between adipose tissue 
and bone are complex and not fully known, 
emerging research is highlighting that adi-
posity may predispose individuals to fracture 
by causing a reduction in BMD.11 Adiposity is 
thought to reduce BMD by inducing a low-
grade chronic inflammatory state12 as well as 
through the disruption of hormones impor-
tant in bone metabolism, such as oestrogen.8 
The location of adipose tissue (subcutaneous 
versus visceral) is yet another important fac-
tor in bone health, with high levels of visceral 
fat causing bone loss13 and increasing the risk 
of fracture.14 Furthermore, patients with high 
levels of adiposity may be more likely to frac-
ture due to biomechanical instability.15 Hence, 
multiple pathophysiological mechanisms 
make overweight and obese populations at 
increased risk of fragility fractures, which may 
not be accounted for in current approaches 
using BMI.

Adiposity has yet to be studied as a predic-
tor of fracture in patients taking GCs. This is 
particularly important given that GC-induced 

adiposity causes central obesity with an 
increase in visceral fat.16 Hence, while GCs 
directly cause bone loss through disruption of 
osteoblast and osteoclast activity,2 GC-induced 
adiposity may also play a role in precipitating 
bone loss. Furthermore, additional mecha-
nisms may make GC patients particularly sus-
ceptible to fracture. Principally, GC-induced 
compositional changes at the gluteal sites, 
including an increase in fat mass, muscle 
atrophy, and fatty infiltration of muscle, may 
predispose GC patients to fracture by making 
them more unstable. However, this has yet to 
be proven in GC patients and remains a novel 
hypothesis. Therefore, an understanding of 
regional fat deposition in patients taking GCs 
and its impact on fracture risk is important in 
allowing improvement of fracture risk calcula-
tors for this population of patients.

Aims
The aim of this study is to investigate 
GC-induced central and peripheral (gluteal) 
adiposity as predictors of fragility fractures in 
patients with a history of GC use.

Material and Methods

Data Collection
Patients were referred from primary and 
secondary care in the Northwest of England 
to the GE Lunar DPX DEXA scanner between 
2004 and 2019 under the pretext of 
suspected osteoporosis. The GE Lunar DPX 
scanner precisely measures BMD and body 
composition, including body fat percentage. 
Fat percentage calculations are based on the 
differential attenuation of X-rays through 
various tissues, with the scanner outputting fat 
mass and lean mass over the scanned regions. 
Most patients received bilateral femoral and 
lumbar spine (L1-L4) scans. This provided fat 
mass, lean mass, and BMD data for these sites, 
allowing for the calculation of local and total fat 
percentages. However, data on muscle mass 
and visceral adipose tissue were not available.

Data on osteoporosis risk factors were collected 
via a questionnaire at the time of the scan. 
Risk factors included a history of self-reported 
fragility fractures (fractures from standing 
height or less) and other risk factors considered 
in the Fracture Risk Assessment Tool (FRAX), 
such as family history of fractures, smoking, 
alcohol use, and secondary osteoporosis 
(e.g., type 1 diabetes, osteogenesis 
imperfecta in adults, untreated long-standing 
hyperthyroidism, hypogonadism or premature 
menopause <45 years, chronic malnutrition 
or malabsorption, and chronic liver disease). 

Height and weight data were used to calculate 
BMI (kg/m²).

Patients were also asked whether they were 
currently on or had been on glucocorticoids. 
Information on the dosage and treatment was 
not collected. Patients who were currently on 
or had previously been on glucocorticoids 
were eligible for inclusion in the primary 
analysis.

Data were stored in a Microsoft Access 
relational database until extraction for analysis. 
Full ethical approval for pseudonymized data 
extraction in the absence of informed consent 
was obtained from the local ethics committee, 
National Research Ethics Service Committee 
Northwest Preston (project number 14/
NW/1136), 2014.

Data Analysis
Baseline characteristics were compared 
between patients with and without a history of 
glucocorticoid (GC) use as well as GC patients 
reporting versus not reporting a fracture. 
Comparative statistics included the Student’s 
t-test for normally distributed continuous 
data and Pearson’s chi-squared test for 
categorical data.

The primary analysis included patients with a 
history of GC use. A stepwise logistic regression 
model, reporting odds ratios (OR), was fit to 
predict non-spine fractures with the primary 
predictive variables being the partial body 
fat percentage (PBF), fat percentage at the 
abdomen (FPA), left hip (FPLH), and right hip 
(FPRH). All results were adjusted for age, sex, 
BMI, smoking, excess alcohol use (defined as 
>3 units per day), rheumatoid arthritis, history 
of fracture, family history of fracture, and the 
left femoral T-score.

Results
A total of 31 546 total patients were referred 
to the scanner. This included 8023 with a 
history of GC use. Baseline characteristics 
were compared between the GC and non-GC 
referred populations to the scanner. The 
results of this analysis can be seen in Table 1. 
The GC population displayed many differing 
characteristics. Such patients were heavier, 
with higher fat percentages at the abdomen, 
left, and right femurs. Patients on GCs also 
had a higher BMD but were younger at the 
time of the scan. Furthermore, patients on GC 
also reported a decrease in hip and non-hip 
fractures compared to patients not on GC. All 
results, with the exception of smoking status, 
were statistically significant.

Main Points
•	 Glucocorticoids cause changes in 

body composition, including increased 
regional adiposity.

•	 We found that increased regional adi-
posity, except at the right hip, was 
associated with an increased odds of 
non-spinal fractures.

•	 Further focus should be placed on 
improving body composition in patients 
on glucocorticoids.
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Within the GC population, comparative sta-
tistics was performed between the patients 
who reported a fracture versus non-fractured 
patients with a history of GC use. The results 
of this analysis can be found in Table 2. Body 
mass index, FPA, and weight were not sig-
nificantly different between the groups, while 
the FPLH and FPRH were significantly differ-
ent. Furthermore, GC patients who reported 
a fracture were older and had a lower left 
femoral T-score of −1.2 (SD 1.2) versus a 
T-score of −0.8 (SD 1.3) in the non-fractured 
GC population.

Our primary analysis demonstrated that the 
PBF% (OR 3.8, 95% CI 1.2, 12.2), FPA% (OR 2.4, 

95% CI 1.1, 4.8) and FPLH% (OR 3.5, 95% CI 1.1, 
10.6) all predicted non-spine fractures after 
adjustment of confounders. This can be seen 
in table 3.

Discussion
It is important that the results are interpreted 
within the study design. A referred GC popula-
tion was analyzed where there was no access to 
the dosage or length of administration of GCs. 
Furthermore, given that the GC-referred popu-
lation also had higher BMDs on average as can 
be seen in table 1, it could be argued that the 
study does suffer from confounding by indica-
tion. However, on the contrary, it is believed 
that the results could underestimate the effect 

size, as patients were referred likely on a pro-
active basis and hence were less likely to have 
fractured, as seen in the dataset. Hence, in the 
future, prospective follow-up of GC patients 
with adjustment of GC dosages and length of 
administration would be needed to confirm 
the findings. Nonetheless, it is believed that the 
message in this large dataset offsets the limita-
tions and is worthy of reporting.

In the analysis seen in Table 1, comparative 
statistics demonstrated that patients with a 
history of GC use were, on average, heavier 
than the rest of the population, with higher 
BMIs as well as increased FPA, FPLH, and FPRH. 
Based on previous literature, this could be 
expected to be seen as GC induces adiposity.2 
Specifically, GC-induced adiposity is thought 
to mainly deposit centrally.16 Interestingly, it 
was also found that GC patients had greater 
levels of peripheral adiposity than the general 
population. A contradictory finding in the 
dataset was that GC patients had higher 
levels of BMD and lower rates of fractures 
than patients not on GCs. This could be due to 
proactive screening by clinicians (confounding 
by indication) or due to other confounders not 
measured in the study, including dose and 
length of treatment.

In Table 2 of the analysis, where fractured ver-
sus non-fractured patients on GCs were com-
pared, it was found that weight, BMI, and FPA 
were not significantly different between either 
group. This could indicate that BMI and weight 
are relatively insensitive measures of fracture 
risk in GC patients. FPA was also found not to 
be different between the groups, which could 
be explained by the nature of GC-induced adi-
posity preferentially depositing in abdominal 
sites.16 However, fractured patients had higher 
levels of peripheral adiposity, which could 
lend support to the hypothesis that periph-
eral adiposity may cause instability, predispos-
ing individuals to falls and hence may be a 
strong predictor of fracture in this population. 
Ultimately, though, this is a novel finding and 
would need to be supported with further data 
from larger prospective cohorts.

The primary analysis as seen in Table 3 revealed 
that PBF% (OR 3.8, 95% CI 1.2-12.2), FPA% (OR 
2.4, 95% CI 1.1-4.8), and FPLH% (OR 3.5, 95% 
CI 1.1-10.6) predicted non-spine fractures. 
However, the FPRH did not predict non-spine 
fractures. The FPA% results demonstrated the 
narrowest CI, indicating a higher level of statisti-
cal certainty. The FPA% may be an appropriate 
site to help predict non-spine fractures as high 
levels of abdominal fat could be indicative of 

Table 1.  Baseline Characteristics Between Patients on Glucocorticoid Versus Patients not on 
Glucocorticoid

​
Glucocorticoid 

Referred Population
Non-Glucocorticoid 
Referred Population P

Number of patients referred 8023 (25.4%) 23 523 (74.6%) ​

Hip fracture 261 (3.3%) 1104 (4.7%) .000

Non-hip fracture 2227 (27.8%) 8826 (37.5%) .000

Age 64.6 (SD 13.4) 65.1 (SD 12.7) .007

Height 162.8 cm (SD 9.10) 161.8 cm (SD 8.37) .000

Weight 73.3 kg (SD 16.9) 70.4 kg (SD 15.6) .000

Body mass index 27.6 (SD 7.3) 26.9 (SD 7.6) .000

Fat percentage at the abdomen, % 31.7% (SD 11.0) 29.8% (SD 10.9) .000

Fat percentage at the left hip, % 30.3% (SD 7.6) 29.5% (SD 7.0) .000

Fat percentage at the right hip, % 29.7% (SD 7.5) 29.0% (SD 6.9) .000

Left femoral t-score −0.9 (SD 1.3) −1.0 (SD 1.2) .000

Current smoker 1071 (13.3%) 3078 (13.1%) .546

Excess alcohol use (>3 units per day) 401 (5.0%) 1353 (5.6%) .011

Table 2.  Comparison of Baseline Characteristics Between Fractured and Unfractured 
Glucocorticoid Patients

​
Glucocorticoid and  

Fracture
Glucocorticoid and 

Non-Fracture P

Number of patients referred 2373 (29.6%) 5650 (70.4%) ​

Gender 1509 females
360 males

4530 females
1624 males

.000

Age 67.3 (SD 28.3) 63.8 (SD 13.7) .000

Height 161.4 cm (SD 8.7) 163.3 cm (SD 9.1) .000

Weight 72.8 kg (SD 17.5) 73.4 Kg (SD 16.7) .190

Body mass index 27.9 (SD 6.2) 27.6 (SD 7.6) .077

Fat percentage at the abdomen, % 32.3% (SD 10.9) 31.6% (SD 11.0) .185

Fat percentage at the left hip, % 31.8% (SD 7.5) 29.9 % (SD 7.5) .000

Fat percentage at the right hip, % 31.1% (SD 7.4) 29.3% (SD 7.5) .000

Left femoral t-score −1.2 (SD 1.2) −0.8(SD 1.3) .000
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patients experiencing the cushingoid effects of 
glucocorticoids. Consequently, these patients 
may be at increased risk of fractures due to mus-
cle wasting and lower BMD. These findings align 
with previous research indicating that abdomi-
nal obesity is associated with an increased risk of 
fractures,17 and the results of this paper extend 
this association to patients on glucocorticoids.

While FPLH% predicted fractures, the FPRH% 
did not after adjusting for the left femoral 
T-score. This could suggest that the left femoral 
T-score and right hip fat might not be related, 
potentially affecting the model’s ability to pre-
dict fractures. Therefore, a regional approach 
that considers the right femoral T-score with 
right hip fat might be more effective; however, 
no analysis has been performed. The results 
do imply that FPLH may be a good predictor 
of non-spine fractures in patients on gluco-
corticoids. Reasons for this could include that 
patients with high local fat percentages may 
have less muscle mass, which could correlate 
to bone loss locally18 and precipitate the risk 
of fracture due to instability. However, this 
remains a hypothesis and further research is 
needed to correlate how doses and timing 
of GCs correlate with local hip fat and how 
this influences fracture risk in patients on 
GC. Furthermore, research should also focus 
on reversing these compositional changes 
induced in patients with a history of GC and 
whether these interventions can lower the risk 
of fractures in patients.

Strengths and Limitations
The study design is limited as there was no infor-
mation on doses and length of administration 

of GCs, which may impact adiposity and frac-
ture risk. There was also no follow-up with 
any of the patients, which limits the ability to 
make conclusions. The cross-sectional design 
could mean adiposity could have occurred 
post-fracture as an unmeasured confounder. 
The referred population was also very homo-
geneous, containing nearly 99% Caucasian 
patients. Hence, more diverse representative 
samples are needed in further studies.

The study has included many patients, all of 
whom who underwent the gold standard 
DEXA scanning. Hence, the large sample 
means that the study has sufficient power to 
detect an association. The methods also have 
the strength that more clinically meaningful 
outcome of fragility fracture rather than bone 
loss was used.

In conclusion, the analysis shows that patients 
on glucocorticoids (GCs) have higher BMIs, 
weigh more and have higher levels of adipos-
ity than those patients who never have GC 
use. It was found that overall body fat (PBF%), 
abdominal fat (FPA%), and left hip fat (FPLH%) 
were predictive of non-spine fractures. It was 
hypothesized that high abdominal fat could 
suggest a cushingoid side effect of GC use, 
hence predisposing to fractures, while periph-
eral fat could be a surrogate marker for mus-
cle mass loss at the hip, which would cause 
lower BMD locally and precipitate fractures in 
patients on GCs. Further research is needed on 
GC dosage, timing, and regional fat distribu-
tion to improve fracture risk prediction mod-
els. Interventions to reverse the compositional 
changes associated with GC use should be 

trialed to lower fracture risk in patients with a 
history of GC use.
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Table 3.  The Primary Analysis Using a Stepwise Logistic Regression, with Regional Adiposity as the Main Predictor of Fracture

Stepwise Regression Analysis Looking At the Relationship Between Non-Spine Fractures and Local Variations in Fat Percentage

​ PBF% FPA% FPLH% FPRH%

Unadjusted OR 14.0
95% CI 7.2, 27.0

OR 1.7
95% CI 1.1, 2.7

OR 40.4
95% CI 20.0, 81.4

OR 41.2
95% CI 20.2, 84.0

Adjusted for: ​ ​ ​

Age; BMI; biological sex OR 2.7
95% CI 1.1, 6.4

OR 1.0
95% CI 0.6,1.8

OR 7.7
95% CI 2.8, 20.9

OR 5.7
95% CI 2.2, 14.6

Age; BMI; biological sex; current smoker; current alcohol excess; current 
steroid therapy

OR 2.6
95% CI 1.1, 6.3

OR 1.1
95% CI 0.6, 1.9

OR 6.8
95% CI 2.6, 18.2

OR 5.2
95% CI 2.0, 13.4

Age; biological sex; current smoker; current alcohol excess; current 
steroid therapy; rheumatoid arthritis; family history of fracture; 
previously reported fracture

OR 2.8
95% CI 1.2, 6.6

OR 1.1
95% CI 0.6, 2.0

OR 7.4
95% CI 2.7,19.9

OR 5.5
95% CI 2.1, 14.1

Age; biological sex; current smoker; current alcohol excess; rheumatoid 
arthritis; family history of fracture; previously reported fracture; left 
femoral T-score

OR 3.8
95% CI 1.2, 12.2

OR 2.4
95% CI 1.1, 4.8

OR 3.5
95% CI 1.1, 10.6

OR 2.7
95% CI 0.9, 8.7

BMI, body mass index; FPA, fat percentage at the abdomen; FPLH, fat percentage at the left hip; FPRH, fat percentage at the left hip; OR, odds ratio; PBF, partial body fat.
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