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Purpose

To determine if corticosteroid use is associated with repeat fragility fractures and the
trends in corticosteroid usage in this population.

Methods

2,643 patients with repeat fractures were identified in the Research Action for Health
Network (REACHnet). Each patient had a non-traumatic fracture diagnosis code with at
least one year of medical history prior to the fracture and at least two years of follow-up
time. Multivariable logistic regression was used to identify corticosteroid trends over
time, predictors of a repeat fracture, and the effect of timing and type of corticosteroid
on repeat fracture.

Results

Corticosteroid use was associated with a significantly increased risk of a second fragility
fracture (Adjusted Odds Ratio, aOR = 1.39, 95% CI = 1.13-1.71). Parenteral corticosteroids
were associated with significantly increased odds of re-fracture (aOR = 1.37. 95% CI =
1.08-1.74). Corticosteroid usage after initial fracture showed significantly increased odds
of repeat fracture (aOR = 1.52, 95% CI = 1.20-1.91). Parenteral corticosteroid use after
fracture was associated with an increased risk of re-fracture (aOR = 1.52, 95% CI
1.18-1.96). Increased total dosage of steroids was not associated with an increase in the
rate of repeat fractures.

Conclusions

Parenteral corticosteroid administration, especially if used after the initial fracture, was
most likely to be associated with a repeat fracture. If steroids are indicated, the dosage
may not alter repeat fracture risk. The method of administration or the timing may play a
larger role, especially parenteral steroids after fracture. Physicians should weigh benefits

and risk with parenteral corticosteroid use in fragility fracture patients.

INTRODUCTION

Osteoporotic fragility fractures are associated with signifi-
cant morbidity, mortality, and economic burden (Burge et
al. 2006). As the population ages, the incidence of fragility
fractures is predicted to increase, particularly among el-
derly individuals (Omsland and Magnus 2014) due to age-
related decrease in bone mineral density, cognitive impair-
ment, and impaired mobility (Egan et al. 2008). Having a
fragility fracture substantially increases the incidence of a
second hip fracture (Berry et al. 2007; Kanis et al. 2004;

Colén-Emeric et al. 2003), and this effect cannot be ex-
plained by risk factors alone, as the incidence of repeat
fractures are significantly higher than expected (Ryg et al.
2009). Due to the significant health and economic burden of
fragility fractures, interventions to decrease the incidence
of a repeat fracture should be implemented.

Many medical conditions and lifestyle factors increase
osteoporotic fractures. The association between certain
medications and primary fractures has been extensively
studied. Medications related to an increased risk of fragility
fractures include neurotropic drugs such as antidepressants
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and anxiolytics, sedatives and benzodiazepines, gastroin-
testinal drugs such as H2 antagonists and proton pump in-
hibitors, and endocrine drugs such as thyroid hormone re-
placement therapy (Mortensen et al. 2020). Another class
of medications significantly associated with increased frac-
ture risk are corticosteroids, which cause decreased bone
mineral density (Vestergaard, Rejnmark, and Mosekilde
2005; Van Staa et al. 2000) by promoting apoptosis of os-
teoblasts and osteocytes while simultaneously stimulating
osteoclast activity via upregulation of RANKL and down-
regulation of osteoprotegerin (Compston 2018). Inhaled
and topical corticosteroids have minimal impact on in-
creased fracture risk, but greater than 2.5 mg of systemic
prednisolone equivalents per day is associated with an in-
creased fracture risk (Vestergaard, Rejnmark, and Mosek-
ilde 2005).

Because the association of corticosteroids and other
medications with fragility fractures is well known, their use
should be limited in high-risk patients unless necessary.
Despite this, treatment with medications that increase fall
risk is still widely used before and after osteoporotic frac-
tures (Sjoberg et al. 2010), and there seems to be no change
in their use after the initial fracture (Munson et al. 2016).
While many studies have examined the association of med-
ications and primary fragility fracture, few studies have ex-
plored the impact on repeat fractures. This study aims to
explore trends in systemic corticosteroid use surrounding
fragility fractures and their impact on repeat fragility frac-
tures to improve treatment of at-risk patients.

METHODS

Patients from the Research Action for Health Network
(REACHnet) database were identified by having one of the
fragility fracture codes seen in Table S1 from 2011-2015. If
they had an associated trauma code in Table S1 within 7
days of fragility fracture, they were excluded. Repeat frac-
tures were also excluded if a patient had a trauma code
within 7 days of fragility fracture, leaving 11,373 patients.
2,598 patients were excluded for not having at least one
year of medical history available before the initial fragility
fracture. Another 5,770 patients were excluded for not hav-
ing at least 2 years of follow-up time after the initial frac-
ture or a subsequent fragility fracture within 2 years. 67 pa-
tients were removed for missing BMI, 24 were removed for
being self-payers, 59 were removed for not having white or
black race, 9 were removed for missing Hispanic ethnicity
status, and 35 were removed for having a fracture in 2016,
which is outside the time window. This left 2,643 patients
in our cohort. Charleston Comorbidity Index (CCI) was cal-

*Advertisement

culated for each patient excluding age, since age was also
used in corresponding regressions.

Categorical covariates are summarized by reporting
count (%) and continuous covariates are summarized by re-
porting mean (sd). Categorical covariates are compared be-
tween re-fracture groups (no/yes) using a Fisher exact test,
with continuous covariates compared using a two-sample t-
test. Multivariable logistic regression is used to predict re-
fracture within 1-2 years after initial fracture as a function
of patient covariates to determine which factors are related
to increased re-fracture risk, after adjustment.

The primary variables studied for an association with re-
peat fractures were timing of corticosteroid administration
(before or initial fracture) and method of corticosteroid ad-
ministration (oral or parenteral). Parenteral corticosteroids
include intravenous and intramuscular injections. ICD
codes for prescriptions indicative of intra-articular injec-
tions, including all prescriptions for triamcinolone, were
excluded. The list of steroids and dosages are provided in
Table S2. Demographic factors (race, ethnicity, and insur-
ance type), risk factors (alcohol use, tobacco use, BMI, age,
osteoporosis diagnosis, and CCI), and history of other drug
use (bisphosphonates and PPI) were also studied to identify
an association with corticosteroid use or repeat fracture. Fi-
nally, logistic regression was performed for patients who
took each steroid type to determine if increased cumulative
dosage was associated with an increased risk of re-fracture.
All steroid types were converted into prednisone equiva-
lents.

RESULTS
DEMOGRAPHICS

Table 1 displays the demographic characteristics of patients
included in the study. Fragility fracture patients were
mostly white, of non-Hispanic ethnicity, and had a diagno-
sis of osteoporosis (85.5%). They were also older and had a
high adjusted CCI. Among the 2,643 patients with a fragility
fracture, 1,125 (42.6%) of patients received corticosteroids
within 1 year prior to fragility fracture or in the follow-
ing two years. 676 (25.6% overall) fragility fracture patients
received a parenteral corticosteroid, while 795 (30.1%) re-
ceived an oral corticosteroid. Without adjusting for other
covariates, patients on corticosteroids had a slightly higher
but insignificant risk of repeat fracture (22.4% vs 19.2%,
p=.052) compared to non-users. 465 (17.6%) patients were
given corticosteroids before initial fracture and 968 (36.6%)
of patients were given corticosteroids after their initial
fragility fracture. Among the patients given corticosteroids
after fracture, 588 (22.2% overall) were given parenteral
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Table 1. Demographics of patient population. The table reveals each studied demographic variable or medication
use and its association with corticosteroid use

All Corticosteroid Use No Corticosteroid Use p-
(2643) (1125) (1518) values
Repeat fracture 544 252(22.4) 292(19.2) 0.052
(20.6)
No Repeat fracture 2099 873(77.6) 1226 (80.8)
(79.4)
Demographic Factors
White Race 2408 1006 (89.4) 1402 (92.4) 0.011
(91.1)
Black Race 235 119 (10.6) 116 (7.6)
(8.9)
Hispanic Ethnicity 84(3.2) 35(3.1) 49(3.2) 0.954
Non-Hispanic ethnicity/ 2559 1090 (96.9) 1469 (96.8)
unknown (96.8)
Private Insurance 129 81(7.2) 48(3.2) <.001
(4.9)
Public Insurance 2502 1039 (92.4) 1463 (96.4)
(94.7)
Known Risk Factors
Alcohol Use 54(2) 22(2) 32(2.1) 0.893
Smoking 866 393(34.9) 473(31.2) 0.045
(32.8)
BMI>30 1104 559(49.7) 545(35.9) <.001
(41.8)
Age>=70 2067 806 (71.6) 1261(83.1) <.001
(78.2)
Osteoporosis 2261 974 (86.6) 1287 (84.8) 0.214
(85.5)
Age (continuous) 77.3 75.35(9.47) 78.76 (8.97) <.001
(9.34)
CcCl 3.02 3.43(2.82) 2.72(2.36) <.001
(2.59)
Bisphosphonate Use 614 319(28.4) 295(19.4) <.001
(23.2)
PPI 931 537(47.7) 394 (26) <.001
(35.2)
Calcium 188 116 (10.3) 72(4.7) <.001
(7.1)
Vitamin D 181 108 (9.6) 73(4.8) <.001
(6.8)
corticosteroids and 635 (24.0%) were given oral corticos- Patients who were given corticosteroids within this time
teroids. were also significantly more likely to be African American

(10.6% vs 7.6%, p-value=.011), have private insurance (7.2%
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Figure 1. Corticosteroid use over time (top left) before initial fragility fracture, (top right) after initial fragility
fracture, (bottom left) after initial fragility fracture, given no previous corticosteroid use, (bottom right) after

initial fragility fracture given previous corticosteroid use.

vs 3.2%, p-value<.001), and be a smoker (34.9% vs 31.2%,
p=.045). They were significantly more likely to have BMI
>30 (49.7% vs 35.9%, p<.001), to use bisphosphonates
(28.4% vs 19.4%, p<.001) or proton pump inhibitors (47.7%
vs 26%, p<.001), and had a higher Charleston comorbidity
index (3.43 vs 2.72, p<.001). Figure S1 displays results from
a multivariable logistic regression predicting corticosteroid
use. Significant predictors of corticosteroid use included
BMI over 30, osteoporosis, bisphosphonate use, CCI, year,
and the largest predictor, PPI use (adjusted odds ratio, aOR
= 1.91, 95% CI = 1.61-2.28). Increased age was associated
with a decreased odds that a patient received corticos-
teroids.

CORTICOSTEROID USE OVER TIME

Figure 1 displays corticosteroid use rates before initial
fragility fracture (up to 1 year), after initial fragility fracture
(up to 2 years), and two conditional corticosteroid use plots
after initial fracture.

The percentage of patients with a fragility fracture in-
creased over time, but this may be related more to the in-
clusion criteria. Patients with a fragility fracture had in-
creased pre-fracture corticosteroid use over the years
2011-2015, from 3.3% to 30.1%. This upward trend is also
seen for both oral and parenteral corticosteroids separately.
Patients presenting with a fragility fracture were even more
likely to receive a corticosteroid after fracture than before,
with a rate increasing from 23.8% in 2011 to 50.1% in 2015.
The two bottom plots examine the rates of corticosteroid
use after initial fracture in two subsets of patients, those
without corticosteroid use in the previous year and those

with corticosteroid use. Patients who were not given cor-
ticosteroids before fracture were still given corticosteroids
afterwards 23.4% of the time in 2011, which rose to 39.2%
in 2015. Patients who were given corticosteroids prior to
fragility fracture had even higher continued use over time,
going from 33.3% in 2011 to 75.3% (in 215 qualifying pa-
tients) in 2015. The proportion of patients receiving par-
enteral corticosteroids in 2015 was also higher than those
receiving oral corticosteroids (55.3% vs 49.3%).

There is a consistent pattern of prescribing more cor-
ticosteroids in these patients before initial fragility frac-
ture, which may not be modifiable, and after fragility frac-
ture, which should be modifiable behavior. Coupled with
the conditional trends in the bottom of Figure 1, the odds
of continued corticosteroid use after fracture are 4.51 times
higher (95% CI = 3.63 - 5.62) for previous corticosteroid
users. At the same time, the rate of re-fracture decreased
over time overall, going from 25.5% in from 2011-2013 to
15.0% in 2014-2015.

PREDICTORS OF A SECOND FRAGILITY FRACTURE

Table 2 displays the demographics of patients by refracture
group, along with unadjusted p-values testing whether
those demographics differ by group. We see no unadjusted
significant differences by race, ethnicity, insurance status,
smoking, alcohol use, or older age for refracture risk. We
did see significant increases in refracture risk for those with
osteoporosis (21.5% vs 14.9%, p=.004) and increased CCI
(3.29 vs 2.95, p=.01). Dosage information for steroid users
is also shown in this table but discussed later. Table 3 in-
vestigates whether there are different cofactors of corticos-
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Table 2. Demographics of patient population by refracture status, including % of refracture within each
demographic group. For dosages of patients treated with steroids, we report the mean (standard deviation) or
prednisone equivalent doses for timing and method of administration and its association with refracture risk.

Refracture (653) No Refracture (3583) p-values % of Refracture
Demographic Factors
White 504 (92.6) 1904 (90.7) 0.183 20.9
Black 40(7.4) 195(9.3) 17
Hispanic Ethnicity 16(2.9) 68(3.2) 0.829 19
Non-Hispanic ethnicity/unknown 528(97.1) 2031 (96.8) 20.6
Private Insurance 25 (4.6) 104 (5) 0.814 19.4
Pubic Insurance 514 (94.5) 1988 (94.7) 20.5
Known Risk Factors
Alcohol Use 15(2.8) 39(1.9) 0.25 27.8
Smoking 173(31.8) 693(33) 0.627 20
BMI>30 216(39.7) 888(42.3) 0.295 19.6
Age>=70 438 (80.5) 1629 (77.6) 0.16 212
Osteoporosis 487 (89.5) 1774 (84.5) 0.004 215
Age 77.92(9.39) 77.15(9.32) 0.089
CCl 3.29(2.74) 2.95(2.54) 0.01
Bisphosphonate Use 123(22.6) 491 (23.4) 0.743 20
PPI 200(36.8) 731(34.8) 0.428 215
Calcium 50(9.2) 138 (6.6) 0.043 26.6
Vitamin D 41(7.5) 140 (6.7) 0.536 22.7
Corticosteroid Dosages (among those with corticosteroids)
Dose Parenteral Before 88.43(83.81) 192.6 (458.03) 0.009
Dose Parenteral After 162.73(239.58) 166.83(365.48) 0.879
Dose Parenteral Total 262.03(311.9) 415.69(735.72) 0.178
Dose Oral Before 26.81(36.99) 22.7 (27.05) 0.382
Dose Oral After 40.13(76.64) 34.55(78.78) 0.438
Dose Oral Total 45.22(80.48) 37.33(75.16) 0.245

teroid use and refracture. In the corticosteroid cohort, no
factors were significantly associated with refracture risk ex-
cept CCI (3.75 average in the refracture group vs 3.33 in
the no-refracture group, p=.045). There was an increased
risk (but non-significant) in alcohol users (40.9%, p=.065,
n=21). In the cohort of patients without corticosteroid use,
there was a significant association between refracture and
average age (79.73 vs 78.52, p=.037) and osteoporosis status
(p=.005). Other than those listed above, there were no sig-
nificant differences in demographics between refracture
groups within the two corticosteroid groups. We attempted
to adjust for these potential confounding variables via mul-
tivariable logistic regression to predict a second fragility
fracture, with results shown in Figure 2. The p-value for
testing whether this model fits better than an intercept only
model is 2.89 E-11 (difference in deviance of 80 on 14 de-
grees of freedom) indicating that the model predicts sec-
ondary fractures much better than an intercept only model.

Corticosteroid use was associated with a significantly in-
creased risk of a second fragility fracture (adjusted odds ra-
tio, aOR = 1.39, 95% CI = 1.13-1.71). A diagnosis of osteo-
porosis showed similar adjusted odds of a second fragility
fracture (aOR = 1.39, 95% CI = 1.02-1.88). Raising patient
CCI had an increased, but not quite significant, odds of
complication (aOR = 1.04, 95% CI = 1.00-1.08, p-value =
.051). A later year of initial fragility fracture was associated
with a decreased risk of re-fracture (aOR = .81, 95% CI =
.76-.87). Neither bisphosphonate use nor PPI use over the
time period were associated with a significant change in
risk of repeat fracture.

Figure 3 displays the adjusted odds ratios and associated
95% confidence intervals for the steroid effect broken down
by administration method (oral vs parenteral), timing
(steroids given before initial fragility fracture, after, and
their interaction), and the administration method and tim-
ing combination (i.e. oral steroids before, after, interaction;
parenteral steroids before, after, interaction). When con-
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Table 3. Co-factor analysis displaying demographics of patients by refracture group within each corticosteroid
use group. p = p-values from Fisher exact tests or t-tests, % = percentage of refracture within demographic

groups.
Corticosteroid Users No Corticosteroid Use
Refracture No p % Refracture No p %
(252) Refracture (292) Refracture
(873) (1226)
Demographic
Factors
White 229(90.9) 777 (89) 0.485 22.8 275(94.2) 1127 0.221 19.6
(91.9)

Black 23(9.1) 96(11) 19.3 17 (5.8) 99(8.1) 14.7
Hispanic 8(3.2) 27(3.1) 1 22.9 8(2.7) 41(3.3) 0.714 16.3
Ethnicity

Non-hispanic 244 (96.8) 846 (96.9) 224 284 (97.3) 1185 19.3
ethnicity/ (96.7)
unknown
Private 20(7.9) 61(7) 0.582 24.7 5(1.7) 43(3.5) 0.137 104
Insurance
Pubic Insurance 230(91.3) 809 (92.7) 221 284 (97.3) 1179 194
(96.2)
Known Risk
Factors
Alcohol Use 9(3.6) 13(1.5) 0.065 40.9 6(2.1) 26(2.1) 1 18.8
Smoking 90(35.7) 303(34.7) 0.765 22.9 83(28.4) 390(31.8) 0.292 17.5
BMI>30 122 (48.4) 437 (50.1) 0.668 21.8 94(32.2) 451(36.8) 0.154 17.2
Age>=70 184 (73) 622(71.2) 0.634 22.8 254 (87) 1007 0.046 20.1
(82.1)
Osteoporosis 224 (88.9) 750(85.9) 0.249 23 263(90.1) 1024 0.005 204
(83.5)
Age 75.81 75.21 0.382 79.73 78.52 0.037
(continuous) (9.57) (9.44) (8.86) (8.99)
CCl 3.75(2.97) 3.33(2.77) 0.045 2.89(2.47) 2.68(2.33) 0.192
(continuous)
Bisphosphonate 70(27.8) 249 (28.5) 0.874 21.9 53(18.2) 242(19.7) 0.566 18
Use
PPI 118 (46.8) 419 (48) 0.775 22 82(28.1) 312(25.4) 0.373 20.8
Calcium 31(12.3) 85(9.7) 0.241 26.7 19 (6.5) 53(4.3) 0.125 26.4
Vitamin D 23(9.1) 85(9.7) 0.903 21.3 18 (6.2) 55(4.5) 0.225 24.7

sidering administration method only (before or after initial
fracture), parenteral corticosteroids were associated with
significantly increased odds of re-fracture (aOR = 1.33. 95%
CI = 1.05-1.69) but oral corticosteroids were not, despite
showing slightly increased adjusted odds of re-fracture
(aOR = 1.20, 95% CI=.96-1.49, p-value=.111). In terms of
timing, only corticosteroids administered after initial frac-
ture were associated with an increased odds of re-fracture
(aOR = 1.50, 95% CI = 1.19-1.89). There was no apparent
interaction effect for patients receiving corticosteroids in
both time periods. When considering timing and admin-
istration method together, only parenteral corticosteroid
use after fracture was associated with an increased risk of
re-fracture (aOR = 1.49, 95% CI 1.16-1.92). Oral corticos-
teroid use after initial fragility fracture had slightly, but not

significantly, increased odds of re-fracture (aOR = 1.22, p-
value = .123). There was no significant interaction effect in
corticosteroid timing for either type.

NECESSARY CORTICOSTEROID USE

Corticosteroids are a widely used medication, but there are
only some medical conditions in which corticosteroids are
the standard of treatment. A list of conditions where corti-
costeroid use was indicated, and therefore the benefit out-
weighed the potential increased fracture risk, is given in
supplemental Table S3. Our results showed that only 44.4%
of patients with parenteral corticosteroid use and 53.1% of
patients with oral corticosteroid use had a diagnosis code
within 7 days of corticosteroid prescription that required
corticosteroid use.

Journal of Orthopaedic Experience & Innovation 7




Parenteral Corticosteroids After Fragility Fracture Increases the Odds of a Repeat Fracture

Variable OR(Cl) P-value

Black v White 0.7 (0.54-1.11) 0.167 —
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Figure 2. Multivariable logistic regression for
predictors of repeat fracture.

Variable OR(Cl) P-value
Oral Steroids 1.2 (0.96-1.49) 0.111 =
Parenteral Steroids 1.33 (1.05-1.69) 0.017 -
Steroids Before Fracture 0.93 (0.59-1.46) 0745 -
Steroids After Fracture 1.5(1.19-1.89) 0.001 -
Steroids in both periods 0.96 (0.55-1.68) 0.886 -
Oral Steroids Before Fracture 0.88 (0.56-1.39) 0.577 -
Oral Steroids After Fracture 1.23(0.95-1.59) 0.123 -
Oral Steroids in both periods 1.45(0.79-2.65) 0.23 -
Parenteral Steroids Before Fracture 0.91 (0.5-1.67) 0767 =
Parenteral Steroids After Fracture 1.49(1.16-1.92) 0.002 -
Parenteral Steroids in both periods 0.62 (0.27-1.4) 0246 =
T

01 23

Figure 3. Multivariable logistic regression results
showing corticosteroid timing, corticosteroid type, and
corticosteroid type and timing’s effect on re-fracture
odds.

CORTICOSTEROID DOSAGE

Next, dosage of steroids was analyzed to see its effects on
refracture risk among the set of patients who did receive
steroids. Dosages were standardized to prednisone equiva-
lents. Table 2 shows the mean dosage of prednisone equiv-
alents for parenteral and oral steroids before fracture, after
fracture, and in total. An increased cumulative dosage of
prednisone equivalents administered parenterally before
fracture was significantly associated with a decreased risk
of repeat fracture (P=0.009). Dosage did not have a signifi-
cant effect for any of the other categories.

Figure 4 displays the dose-effects of 6 different logistic
regressions. These were (1) an adjusted model with total
oral steroid dosage over the study period, (2) an adjusted

Variable OR(Cl) P-value

Total Oral Steroid Dose 115(098-135) 0089 =m
Oral Steroid Dose Before Fracture 109(092-13) 0322 =
Oral Steroid Dose After Fracture 118(09-154) 0226 =
Total Parenteral Steroid Dose 09(0.71-1.14) 0367 =
Parenteral Steroid Dose Before Fracture 052 (0.14-19) 0326 =—
Parenteral Steroid Dose After Fracture 097 (0.78-122) 0805 =

Figure 4. Logistic regression results using standardized
steroid dosages to prednisone equivalents among
patients who took steroids within each time period
considered. There are 6 adjusted logistic regressions
reported in this figure, where each dosage factor was
used in addition to other patient covariates for
adjustment.

model with oral steroid dosage before first fracture, (3) an
adjusted model with oral steroid dosage after first fracture,
(4) an adjusted model with total parenteral steroid dosage
over the study period, (5) an adjusted model with parenteral
steroid dosage before first fracture, (6) an adjusted model
with parenteral steroid dosage after first fracture. Only pa-
tients that took each steroid type within the time frames
considered were included in these analyses (i.e. decreased
sample sizes for each analysis). We did this to use the most
patient data when studying each dosage effect across dif-
ferent time periods. In this analysis, cumulative oral steroid
dose equivalents trended towards an increased risk of re-
peat fracture but did not reach significance (p=0.089). This
analysis also revealed that increased parenteral administra-
tion before fracture did not influence repeat fracture risk,
contrary to the initial analysis.

DISCUSSION

Osteoporotic fractures are associated with high morbidity,
mortality, and economic burden, so decreasing their inci-
dence is crucial for patient health and well-being. Many
patients with osteoporosis are older and more likely to be
taking medications for other medical conditions, includ-
ing medications that may increase risk for fragility frac-
tures, including corticosteroids. In our patient population
consisting of patients with a fragility fracture, 42.6% of
them received a corticosteroid within one year of the frac-
ture, indicating that it is a widely used medication, even
in the osteoporosis patient population. Further, the per-
centage of patients in our population taking corticosteroids
increased from 2011 to 2015, indicating that they are be-
coming even more common. Due to the widespread use of
corticosteroids, it is important to know if the risk of a re-
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peat fracture outweighs the benefit of the anti-inflamma-
tory effects.

We found that oral corticosteroid use was not signifi-
cantly associated with a repeat fracture, which was contrary
to our hypothesis. This finding is consistent with Mun-
son et al (2018). They did find that stopping oral corti-
costeroids after the initial fracture decreased the risk of
a repeat fracture, but it was only significant in non-bis-
phosphonate users. Their hypothesis for the lack of signif-
icant increased repeat fracture risk is that corticosteroids’
effects on bone mineral density take significant time, mak-
ing the study window possibly too short to see the effects.
Because of this, they argue that an increased repeat fracture
risk may not need to alter treatment plans of oral corticos-
teroids in the short term.

However, Munson et al did not study parenteral corti-
costeroid use. Unlike oral corticosteroids, our study found
that parenteral corticosteroids significantly increased re-
peat fracture risk, especially if given after the initial frac-
ture. A possible explanation is that patients who receive
parenteral corticosteroids are in the hospital and are there-
fore more likely sicker than patients who receive oral corti-
costeroids, which may make them prone to repeat fractures.

We hypothesized that an increased dosage of corticos-
teroids may increase the risk of repeat fractures because it
has been shown that a higher dose of corticosteroids causes
a linear increase in side effects (Huscher et al. 2008). How-
ever, after adjustment, our results did not reveal a signifi-
cant effect of cumulative steroid dosage on repeat fracture
risk. This finding is consistent with a previous study, which
found that cumulative dose did not significantly alter pri-
mary fracture risk after adjusting for patient variables that
may be confounders (van Staa et al. 2000). The lack of sig-
nificant findings may indicate that a dosage effect on re-
peat fractures may not be present, but steroid use (includ-
ing timing/method of administration) in general does.

Corticosteroids are a widely used medication, and our
study showed that a significant proportion of patients re-
ceived corticosteroids for another medical condition. How-
ever, only certain medical conditions indicate definite corti-
costeroid use [Table S3] (Hodgens and Sharman 2021). Only
about half of our patient population had a diagnosis within
7 days of the corticosteroid administration that required
its use. Because of the high use of corticosteroids and the
known physiologic mechanism of increased fracture risk, it
is critical to know if these medications should be avoided
in high-risk patients. Further evaluation is needed to see if

there is a definite effect of systemic corticosteroids on re-
peat fracture risk, and if there is a dosage threshold that
may be safe for patients. Physicians should take caution
with the use of unnecessary parenteral corticosteroids, es-
pecially if they had not been taking them before the initial
fragility fracture, in order to prevent a repeat fracture.

There are several limitations to this study. One limita-
tion is relying on electronic medical record coding for the
data. We evaluated “necessary” corticosteroid use by hav-
ing a diagnosis code within 7 days of the prescription, but
it is possible that they were appropriately prescribed based
on the risk/benefit analysis in the specific clinical scenario.
This likely would increase the number of patients that re-
ceived “necessary” corticosteroids; however, it still would
not reach 100%, indicating that corticosteroids still may be
overprescribed in this patient population. Additionally, be-
cause of limitations in ICD coding specificity, our study did
not consider re-fractures within a 1-year window after ini-
tial fracture. ICD-9 coding does not differentiate between
initial or subsequent encounters for a fracture. Therefore,
the same fracture code could repeat at subsequent clinic
visits and would falsely appear as repeat fractures. To be on
the safe side, repeat fractures were not considered until af-
ter this one-year time period. As a result, it is possible re-
peat fractures that occurred were not included in the study.
The goal of the study was to determine effects in medica-
tion alterations between primary and secondary fractures.
Less than a one-year window between fractures would be
too short of a time period to appreciate effects of drug ad-
justments, and thus this limitation does not impact the
overall study goals. Another limitation is the time frame
of the study, where we could only allow for 2 years of fol-
low-up after the initial fracture based on the available data.
With a longer time, more repeat fractures and a possible in-
creased association with oral corticosteroids may have been
seen.

In conclusion, fragility fractures are associated with sig-
nificant morbidity and mortality, so decreasing their inci-
dence is critical for patient outcomes. Our study found that
parenteral corticosteroids, but not oral corticosteroids, es-
pecially when given after the initial fragility fracture, in-
creased the risk of a subsequent fracture. Our data sug-
gested that given steroid use, the dosage of steroids may
not play a significant role in complication. This means that
the decision whether to administer steroids at all may be
more important than the amount, given necessity to use
steroids. In the future, studies can investigate if higher
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doses or longer time of administration directly increases
the fracture risk. Physicians may need to take caution in
overprescribing parenteral corticosteroids in osteoporotic
patients at high risk for repeat fragility fractures.
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APPENDIX

Parenteral Corticosteroids After Fragility Fracture Increases the Odds of a Repeat Fracture

Table S1. ICD codes used for patients in this study.

ICD Codes

Fragility
Fracture Tags

M80.871A, M80.872A, M80.879, M80.071A, M80.072A, M80.079A, 733.14,733.15, 821, 821.01,821.2,
821.21,821.22,821.23,821.29, M80.051A, M80.052, M80.052A, M80.059, M80.059A, M80.851, M80.851A,
M80.852A, M80.859A, M84.453A,572.011A,572.012A,572.019,572.019A,572.021A, 572.022A,572.023A,

S$72.031A,572.032A,572.033,572.033A, 572.041A, 572.042A, S72.043A,572.091A, 572.092A, 572.099A,
S$72.101A,572.102A,572.109A,572.141A,572.142A,572.143A, 572.21XA, S72.22XA, 572.23XA, S72.301A,
S$72.302A,572.309A,572.401A,572.402A,572.409A,572.411A,572.412A,572.413A,572.451A, S72.452A,
S72.453A,572.90XA, 572.91XA, 572.92XA, M80.031A, M80.032A, M80.039A, M80.832A, M84.439A, 733.1,

M80.00X, M80.00XA, M80.80X, M80.80XA, M84.40XA, M84.48XA, M84.68XA, M80.042A, 820, 820.01,
820.02,820.03,820.09,820.2,820.21, 820.22, M84.459A, 812,812.01,812.02,812.03,812.09,812.2,812.21,

812.4,812.41,812.42,812.43,812.44,812.49,M80.021A, M80.022A, M80.029A, M80.821A, M80.822A,
MB80.829A, 542.201A, S42.202A, S42.209A, S42.213A, 542.214A,542.215A,542.216A,542.251A,542.252A,

S42.253A,542.291A,542.292A,542.293A,542.294A, 542.295A, 542.296A, S42.301A, S42.302A, S42.309A,
S42.401A,542.402A,542.409A, S42.441A,542.442A, S42.443A,S42.451A, S42.452A, S42.453A, S42.46 1A,
S42.462A,542.463A,542.471A,542.472A, S42.473A, M80.06 1A, M80.062, M80.062A, M80.069A,

M80.861A, M80.862A, M80.869A, 808, 808.2, 808.8, 532.301A, S32.302A, S32.309A, S32.401A, S32.402A,

$32.409A,532.501A,532.502A, 532.509A, 532.601A, $32.602A, S32.609A, S32.810A, S32.811A, S32.82XA,

S$32.89XA, S32.9XXA, M80.011A, M80.012A, M80.811A, 733.13, 805, 805.01, 805.02, 805.03, 805.04, 805.05,
805.06,805.07,805.08, 805.2, 805.4, 805.8, 806, 806.03, 806.04, 806.05, 806.07, 806.09, 806.2, 806.24,
806.25,806.26,806.27,806.29, 806.4, 806.8, M48.50XA, M80.08X, M80.08XA, M80.88X, M80.88XA,

S$12.000A,512.001A,512.100A,512.101A,512.200A, $12.201A, S12.300A, S12.301A, S12.400A, S12.401A,

S$12.500A,512.501A,512.600A,512.601A, S12.9XXA, S14.101A,514.102A, 514.103A, S14.104A, S14.105A,

S14.106A,514.107A,514.109A,514.112A,514.121A, 5S14.122A, 5S14.124A, S14.125A, S14.126A, S14.127A,

S14.151A,514.152A,514.153A,514.155A, 514.156A, 514.157A, 522.009A, S24.101A, S24.103A, 524.104A,

S24.109A,524.113A,524.114A,524.133A,524.152A, 524.153A, 524.154A, S32.009A, S32.019A, S32.029A,

S$32.039A,532.049A,532.059A, 532.10XA, S32.2XXA, S34.101A, S34.109A, S34.113A, S34.139A, 733.12,
813.4,813.41,813.42,813.43,813.44,552.501A, 552.502A, S52.509A, S52.531A, 552.532A, S52.539A,
S$52.601A,552.602A, 552.609A, S52.90XA, S52.91XA, S52.92XA

Trauma Tags

E802.0,E806.8,E810.0,E810.1,E811.0,E812.0,E812.1,E812.2,E812.3,E812.7,E812.8,E812.9,E813.0,
E813.1,E813.2,E813.3,E813.4,E813.9,E814.0,E814.1,E814.7,E814.9,E815.0, E815.1, E815.9,E816.0,
E816.1,E816.2,E816.7,E817.0,E817.1,E817.2,E817.7,E817.9,E818.0,E818.1,E818.2,E818.7,E818.8,
E818.9,E819.0,E819.1,E819.3,E819.4,E819.7,E819.8,E819.9,E821.0,E821.2,E821.7, E821.9,E823.0,
E823.1,E823.7,E823.8, E823.9, E824.0,E824.1, E824.5, E824.8, E824.9,E825.0, E825.1, E825.2,E825.7,
E825.8,E825.9,E826.1,E826.9,E828.2,E828.9,E829.0, E829.8, E829.9,E831.3, E835.2, E835.3,E835.9,
E838.1,E838.3,E838.6, E838.9, E842.6,E843.3, E843.9, E848,V00.181A, V00.831A, V00.832A,V01.0,
V01.09XA, V02.00XA, VO3.00XA, V03.00XD, V03.00XS, VO3.09XA, V03.10XA, V03.10XD, VO3.19XA,
V03.90XA, V03.90XD, V03.99XA, V04.99XA, V09.00XA, V09.00XS, V09.09XA, V09.20XA, V09.29XA,
V09.9XXA, V09.9XXD, V10.0XXA, V10.3XXA, V10.4XXA, V10.9XXA, V11.2XXA, V12.5XXA, V14.0XXA,
V16.0XXA, V17.0XXD, V18.0XXA, V18.0XXD, V18.3XXA, V18.4XXA, V19.3XXA, V19.9XXA, V23.2XXS,
V27.1XXA, V27.5XXA, V28.4XXA, V29.50XA, V29.9XXA, V37.0XXA, V38.0XXA, V40.3XXA, V40.9XXA,
V42.0XXA, V42.5XXA, V42.7XXA, V43.31XA, V43.51XA, V43.52X, V43.52XA, V43.52XD, V43.52XS,
V43.53XA, V43.62XA, V43.62XD, V43.63XA, V43.92XA, V44.5XXA, V44.6XXA, V44.9XXA, V46.4XXA,
V47.02XA, V47.0XXA, V47 4XXA,V47.52XA, V47 .5XXA, V47.62XA, V47 .6XXA, V47 .9XXA, V48.0XXA,
V48.1XXA, V48.3XXA, V48.3XXD, V48.4XXA, V48.4XXD, V48.5XXA, V48.6XXA, V49.00XA, V49.09XA,
V49.10XA, V49.20XA, V49.3XXA, V49.40XA, V49.40XD, V49.40XS, V49.49XA, V49.49XD, V49.50XA,
V49.50XD, V49.59XA, V49.60XA, V49.60XD, V49.60XS, V49.88XA, V49.9XXA, V49.9XXD, V49.9XXS,
V53.5XXA, V53.6XXA, V57.1XXA, V58.1XXA, V58.4XXA, V59.40XA, V59.59XA, V59.88XA, V59.9XXA, V67 .4,
V67.6,V67.9,V68.4XXA, V70.0XXA, V73.6XXA, V78.1XXA, V78.4XXA, V78.4XXD, V78.6XXA, V79.40XA,
V79.50XA, V79.59XA, V79.88XA, V80.010A, V80.010D, V82.4XXA, V83.4XXA, V86.49XA, V86.59XA,
V86.65XA, V86.69XA, V87.7XXA, V87.7XXD, V87.7XXS, V87.9XXA, V88.7XXA, V88.8XXA, V89.0XXA,
V89.0XXD, V89.1XXA, V89.2XXA, V89.2XXD, V89.2XXS, V89.9XXA, V89.9XXS, Z09, Z47.1

Alcohol Use
Tags

291.9,303.01, 303.02, 303.9, 303.91, 303.92, 305.01, 305.02, F10.10, F10.120, F10.121, F10.129, F10.14,
F10.188,F10.19, F10.20, F10.220, F10.221, F10.229,F10.23,F10.230, F10.231, F10.232, F10.239, F10.24,
F10.251,F10.259,F10.26,F10.27, F10.280, F10.282, F10.288, F10.29

Osteoporosis
Tags

733.00, 733.01,733.02,733.03,733.09,v82.81,V13.51,V49.81,713.820, 278.0, 287.310
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Table S2. Steroids included in study with dose ranges for oral prescriptions (mg) and parenteral prescriptions

(mg/mL).
Steroid Oral Dose (mg) Parenteral Dose (mg/mL)
Dexamethasone (0.5-6) (10-24)
Hydrocortisone (5-10) (50-500)
Methylprednisolone (2-32) (40-2000)
Prednisolone (5) -
Prednisone (1-50) (1)
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Table S3. Diagnoses with
indicated corticosteroid use

Common indications for corticosteroids, by field,
include:

Ophthalmology: uveitis, keratoconjunctivi-
tis

o Uveitis: 364.0, 364.1, 364.2, 364.3, H20
o Keratoconjunctivitis: 370, H16.2

Allergy and Pulmonology: asthma exacer-
bation, COPD exacerbation, anaphylaxis, ur-
ticaria and angioedema, rhinitis, pneumoni-
tis, sarcoidosis, interstitial lung disease.

o Asthma exacerbation: 493.9, 493.91,
493.92, J45.901, J45.909

o COPD exacerbation: 491.21, J44.0, J44.1,
]44.9

o Anaphylaxis: 995.0, T78, T78.2

o Urticaria: 708, L50.9

o Angioedema: 995.1, T78.3

o Sarcoidosis: 135, D86

o Interstitial lung disease: 516.9, ]84

Dermatology: contact dermatitis, pemphigus
vulgaris

o Contact dermatitis: 692, L25
o Pemphigus vulgaris: 694.4, L10.0

Endocrinology: adrenal insufficiency, con-
genital adrenal hyperplasia

o Adrenal insufficiency: 255.41, E27.1

o Congenital adrenal hyperplasia: 255.41,
255.5, 255.8, 255.9, E27.40, E27.49, E27.8,
E27.9

Gastroenterology: inflammatory bowel dis-
ease, autoimmune hepatitis

o Inflammatory bowel disease: 556, K51
o Autoimmune hepatitis: 571.42, K75.4

Hematology: hemolytic anemia, leukemia,
lymphoma, idiopathic thrombocytopenic pur-
pura

o Hemolytic anemia: 283, D59

o Leukemia: 208, C95

o Lymphoma: 202, C85

o Idiopathic thrombocytopenic purpura:
287.31, D69.3

Rheumatology: rheumatoid arthritis, sys-
temic lupus erythematosus, polymyositis,
dermatomyositis, polymyalgia rheumatica

o Rheumatoid arthritis: 714, M06

o Systemic lupus erythematosus: 710.0, M32

o Polymyositis: 710.4, M33.2

o Dermatomyositis: 710.3, M33.0, M33.1,
M33.9

o Polymyalgia rheumatica: 725, M35.3

o Fibromyalgia: 729.1

» Other: organ transplantation, antenatal lung
maturation, nephrotic syndrome, cerebral
edema, multiple sclerosis

o Organ transplantation: V42, 294

o Nephrotic syndrome: 581, N04

o Cerebral edema: 348.5, G93.6

o Multiple sclerosis: 340, G35

o Long term use of systemic steroids: Z79.52

Hodgens A, Sharman T. Corticosteroids. [Up-
dated 2021 Jun 29]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2021
Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books
NBK554612/
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