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Abstract
To further evaluate the relationship between
steroid injections and osteoporotic fracture
risk, we analyzed Medicare administrative
claims data on both large-joint steroid
injections (LJSIs) into knee and hip and
transforaminal steroid injections (TSls), as
well as osteoporotic hip and wrist fractures.
Our hypothesis was that a systemic effect
of steroid injections would increase fracture
risk in all skeletal locations regardless of
injection site, whereas a local effect would
produce a disproportionate increased risk of
spine fracture with spine injection.

Patients treated with an LJSI, aTSI, or an

used in the nonoperative treatment of low

back pain, radicular leg pain, and spinal
stenosis. The treatment rationale is that locally
injected anti-inflammatory drugs, such as steroids,
reduce inflammation by inhibiting formation and
release of inflammatory cytokines, leading to pain
reduction.”? According to 4 systematic reviews,
the best available evidence of the efficacy of ESls
is less than robust.>® These reviews were limited
by the heterogeneity of patient selection, delivery
mode, type and dose of steroid used, number and
frequency of ESls, and outcome measures.

The association of chronic oral steroid use and
the development of osteoporosis was previously
established.” One concern is that acute exposure
to steroids in the form of lumbar ESIs may also
lead to osteoporosis and then a pathologic fracture
of the vertebra. Several studies have found no
association between bone mineral density and cu-

E pidural steroid injections (ESIs) are widely

epidural steroid injection (ESI) were identi-
fied from 5% Medicare claims data. Patients
under age 65 years and patients with prior
osteoporotic fracture were excluded. Anal-
yses were performed to determine fracture
risk (adjusted hazard ratio) for each type of
injection.

Analysis of the Medicare data revealed
that ESIs were associated with decreased
osteoporotic spine fracture risk, but the
effect was small and might not be clinically
relevant. ESls did not influence osteoporotic
hip or wrist fracture risk, but LJSIs reduced
the risk.

mulative steroid dose,®® mean number of ESls, or
duration of ESls,™ though other studies have found

Take-Home Points

® Analysis of patients in the Medicare database showed that each
successive ESI decreased the risk of an osteoporotic spine frac-
ture by 2%, and that each successive LJS| decreases it by 4%.

m Although statistically significant, this may not be clinically
relevant.

m Successive ESI did not influence the risk of developing an
osteoporotic hip or wrist fracture, but that each additional LJSI
reduced the risk.

B Prolonged steroid exposure was found to increase the risk of
spine fracture for ESI and LJSI patients.

m Acute exposure to exogenous steroids via the epidural space,
transforaminal space, or large joints does not seem to increase
the risk of an osteoporotic fracture of the spine, hip, or wrist.
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lower bone mineral density in postmenopausal
women treated with ESIs."™

In a study of 3000 ESI patients propensity
-matched to a non-ESI cohort, Mandel and
colleagues™ found that each successive ESI
increased the risk of osteoporotic spine fracture
by 21%. This clinically relevant 21% increased
risk might lead physicians to stop prescribing or
using this intervention. However, the association
between osteoporotic fractures and other types of
steroid injections remains poorly understood and
underinvestigated.

To further evaluate the relationship between ste-
roid injections and osteoporotic fracture risk, we
analyzed Medicare administrative claims data on
both large-joint steroid injections (LJSIs) into knee
and hip and transforaminal steroid injections (TSls),
as well as osteoporotic hip and wrist fractures. Our
hypothesis was that a systemic effect of steroid
injections would increase fracture risk in all skeletal
locations regardless of injection site, whereas a
local effect would produce a disproportionate in-
creased risk of spine fracture with spine injection.

Materials and Methods
Medicare is a publicly funded US health insurance
program for people 65 years old or older, people
under age 65 years with certain disabilities, and
people (any age) with end-stage renal disease or
amyotrophic lateral sclerosis. The 5% Medicare
Part B (physician, carrier) dataset contains individu-
al claims records for a random sample of Medicare
beneficiaries (~2.4 million enrollees). Patients who
received steroid injections were identified from
5% Medicare claims made between January 1,
2004 and December 31, 2011. LJSIs were identi-
fied by Current Procedural Terminology (CPT) code
20610 and any of 16 other CPT codes: J0702,
J1020, J1030, J1040, J1094, J1100, J1700, J1710,
J1720, J2650, J2920, J2930, J3300, J3301, J3302,
and J3303. ESls were identified by CPT code
62310, 62311, 62318, or 62319, and TSlIs by CPT
code 64479, 64480, 64483, or 64484. Patients
were followed in their initial injection cohort. For
example, a patient who received an ESI initially and
later received an LJSI remained in the ESI cohort.
Several groups of patients were excluded from
the study: those who received Medicare coverage
because of their age (under 65 years) and disabili-
ties; those who received Medicare health benefits
through health maintenance organizations (health-
care expenses were not submitted to the Centers
for Medicare & Medicaid Services for payment,
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and therefore claims were not in the database or
were incomplete); those with a prior claim history
of <12 months (incomplete comorbidity history);
and those who received a diagnosis of osteoporot-
ic fracture (International Classification of Diseases,
Ninth Revision, Clinical Modlification [/CD-9-CM]
code 733.1x) before the initial steroid injection.
We determined the incidence of osteoporotic
wrist, hip, and spine fractures within 1, 2, and 8
years after LJSI, ESI, and TSI. Wrist, hip, and spine
fractures were identified by /CD-9-CM diagnosis
codes 733.12, 733.13, and 733.14, respectively.
We also determined the number of steroid injec-
tions given before wrist, hip, or spine fracture or,
if no fracture occurred, before death or the end of
the data period.

Statistical Analysis

Multivariate Cox regression analysis was performed
to evaluate the risk factors for wrist, spine, and hip
fractures. The covariates in this model included age,
sex, race, census region, Medicare buy-in status,
Charlson Comorbidity Index (CCI),™ year, and
number of steroid injections before fracture, death,
or end of data period. Medicare buy-in status, which
indicates whether the beneficiary received financial
assistance in paying insurance premiums, was used
as a proxy for socioeconomic status. CCl is used

as a composite score of a patient’s general health
status in terms of comorbidities.”™'® Four previously
established categories' were used to group CCls in
this study: 0 (none), 1 to 2 (low), 3 to 4 (moderate),
and 5 or more (high). In addition, several diagnoses
made within the 12 months before initial steroid
injection were considered: osteoporosis (/CD-9-CM
codes 733.0x, V82.81), Cushing syndrome (/CD-9-
CM code 255.0), long-term (current) use of bisphos-
phonates (/CD-9-CM code V58.68), asymptomatic
postmenopausal status (/ICD-9-CM code V49.81),
postmenopausal hormone replacement therapy
(ICD-9-CM code V074), and long-term (current) use
of steroids (/CD-9-CM code V58.65). The compari-
son of relative risk between any groups was report-
ed as the adjusted hazard ratio (AHR), which is the
ratio of the hazard rates of that particular outcome,
taking into account inherent patient characteristics
such as age, sex, and race as covariates. AHR of 1
corresponds to equivalent risk, AHR of >1 to elevat-
ed risk, and AHR of <1 to reduced risk.

Results

Using the 5% Medicare data for 2004 to 2011, we
identified 275,999 Medicare beneficiaries who
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underwent LJSI, 93,943 who underwent ESI, and
32,311 who underwent TSI. During this period, TSI
use increased, ESI use decreased, and LJSI use
was relatively stable (Figure). LJSI patients under
went a mean (SD) of 3.0 (4.1) LJSIs; ESI patients,
3.2 (3.9) ESls; and TSI patients, 7.5 (12.1) TSlIs. Very
few patients had more than 1 steroid injection site
(Table 1).

The risk for osteoporotic spine fracture 1, 2, and
8 years after ESI, TSI, or LJSI was affected by age,
race, sex, and CCl (P < .001 for all; Tables 2-4).
Patients with higher CCls, females, older patients,
and white patients had higher spine fracture risks.
For ESI and LJSI patients, long-term steroid use
was also associated with higher spine fracture risk
at all examined time points. For example, 8 years
after ESl and LJSI, patients with long-term steroid
use had 88% (P =.002) and 47% (P =.008)
elevated risk of spine fracture, respectively. For TSI
patients, spine fracture risk tended to be higher in
patients with long-term steroid use 1 and 2 years
after injection; this association was significant 8
years after injection (P = .046). ESI patients of
lower socioeconomic status (Medicare buy-in) also
had higher spine fracture risk at all examined time
points, whereas LJSI and TSI patients did not. Two
years after injection, each additional ESI decreased
the relative risk of spine fracture by 2% (P < .001),
each additional TSI decreased it by 1% (P =.009),
and each additional LJSI decreased it by 4%
(P < .001).

The risk for osteoporotic hip fracture after 1 and
2 years was affected by age and number of LJSIs
and TSlIs but not by number of ESIs. Sex and CCl
were also risk factors for hip fracture at 1 and 2
years for ESIl and LJSI patients, as was race for
LJSI patients. Risk for osteoporotic wrist fracture
at 1 and 2 years was affected by sex and race for
ESl and LJSI patients; age, race, CCl, and long-
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Figure. Between 2004 and 2011, use of transforaminal steroid injection (TSI) increased,
use of epidural steroid injection (ESI) decreased, and use of large-joint steroid injection
(LJSI) was relatively stable.

term steroid use were risk factors for TSI patients
at all time points. Higher number of LJSIs, but
not ESls or TSls, was associated with lower wrist
fracture risk.

Discussion
ESls continue to be used in the nonoperative treat-
ment of low back pain, radicular leg pain, and spi-
nal stenosis. Although the present study found ESI
use increased in the Medicare population between
1994 and 2001, the trend is reversing, decreasing
by 25%, with rates of 264 per 10,000 Medicare
enrollees in 2004 and 194 per 10,000 enrollees in
2011. ESI use may have changed after systematic
reviews revealed there was no clear evidence of
the efficacy of ESls in managing low back pain and
radicular leg pain®®® or spinal stenosis.*
Nevertheless, ESls are widely used because of
the perceived benefit balanced against the per
ceived rarity of adverse events.® Even if patients
recognize a low likelihood of significant benefit,

Table 1. Number of Steroid Injections Before Fracture or, If No Fracture, Before Death or End of Data Period

Injection Type

Large Joint Epidural Transforaminal Any
Patient
Group Mean (SD) Median (IQR) Mean (SD) Median (IQR) Mean (SD) Median (IQR) Mean (SD) Median (IQR)
LJSI 3.0 (4.1) 2 (1-3) 0.4 (1.6) 0 (0-0) 0.4 (3.2) 0 (0-0) 3.8(5.9) 2 (1-4)
ESI 0.7 (2.3) 0 (0-0) 3.2 (3.9) 2 (1-4) 0.9 (4.6) 0 (0-0) 4.8(7.3) 3 (1-6)
TSI 0.7 (2.2) 0 (0-0) 0.8 (2.3) 0 (0-0) 7.5(12.1) 4 (2-9) 9.1 (13.1) 6 (3-11)

Abbreviations: ESI, epidural steroid injection; IQR, interquartile range; LJSI, large-joint steroid injection; SD, standard deviation; TSI, transforaminal steroid injection.
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Table 2. Spine, Hip, and Wrist Adjusted Relative Fracture Risk (95% Confidence Interval) for Patients Who Received
Epidural Steroid Injections Within 1, 2, and 8 Years®

Factor Patient Group Fracture Type
Comparison

Spine Hip Wrist

1 Year 2 Years 8 Years 1 Year 2Years 8Years 1 Year 2 Years 8 Years

Age, y 70-74 vs 65-69  1.31 1.31 1.31 1.39 1.39 1.39 0.82 0.82 0.82
(1.20-1.42) (1.20-1.42) (1.20-1.43) (1.01-1.90) (1.02-1.91) (1.02-1.91) (0.44-1.52) (0.44-1.52) (0.44-1.53)

75-79 vs 65-69  1.66 1.67 1.70 1.32 1.33 1.36 0.79 0.80 0.82
(1.53-1.80) (1.54-1.81) (1.57-1.85) (0.95-1.83) (0.96-1.84) (0.98-1.89) (0.43-1.46) (0.44-1.47) (0.45-1.50)

80-84 vs 65-69 2.03 2.06 2.16 1.74 1.76 1.87 1.15 1.16 1.22
(1.86-2.22) (1.89-2.25) (1.98-2.36) (1.24-2.44) (1.26-2.47) (1.33-2.62) (0.63-2.11) (0.64-2.13) (0.67-2.24)

85+ vs 65-69 2.58 2.70 2.96 1.86 1.95 219 1.26 1.31 1.45

(2.35-2.83) (2.46-2.96) (2.70-3.25) (1.27-2.73) (1.33-2.86) (1.49-3.22) (0.60-2.64) (0.63-2.75) (0.69-3.04)

Sex Female vs male  1.58 1.57 1.65 1.69 1.68 1.65 4.27 4.26 419
(1.48-1.68) (1.47-1.67) (1.45-1.65) (1.34-2.12) (1.33-2.11) (1.31-2.07) (2.22-8.22) (2.21-8.18) (2.18-8.07)

Race Asian vs white 0.60 0.59 0.58 0.17 017 0.16 1.04 1.02 1.01
(0.44-0.81) (0.44-0.79) (0.43-0.79) (0.02-1.29) (0.02-1.27) (0.02-1.24) (0.11-9.49) (0.11-9.38) (0.11-9.29)
Black vs white ~ 0.23 0.23 0.23 0.51 0.51 0.50 0.70 0.69 0.69
(0.19-0.29) (0.19-0.29) (0.18-0.29) (0.27-0.97) (0.27-0.96) (0.26-0.94) (0.22-2.27) (0.21-2.25) (0.21-2.23)
Hispanic vs 0.64 0.64 0.62 0.53 0.53 0.51 2.12 2.1 2.03
white (0.49-0.84) (0.49-0.84) (0.47-0.81) (0.18-1.61) (0.18-1.60) (0.17-1.53) (0.48-9.40) (0.48-9.29) (0.46-8.90)
Other/unknown ~ 0.71 0.70 0.69 073 0.71 0.70 0.00 0.00 0.00
vs white (0.52-0.98) (0.51-0.96) (0.50-0.94) (0.25-2.19) (0.24-2.13) (0.24-2.10) (0.00-0.00) (0.00-0.00) (0.00-0.00)
Charlson 12vs 0 1.16 1.17 1.20 1.15 1.16 1.20 1.03 1.04 1.06
ﬁ%f;‘;rb'd't\/ (1.08-1.24) (1.09-1.25) (1.12-1.29) (0.86-1.54) (0.87-1.55) (0.90-1.60) (0.62-1.69) (0.63-1.71) (0.64-1.75)
3-4vs0 1.29 1.32 1.40 1.29 1.32 1.42 113 1.16 1.23
(1.19-1.39) (1.22-1.43) (1.29-1.51) (0.95-1.75) (0.98-1.80) (1.05-1.93) (0.62-2.06) (0.64-2.12) (0.68-2.25)
5+ vs 0 1.39 1.48 1.63 2.52 2.71 3.05 0.71 0.76 0.84
(1.26-1.53) (1.34-1.64) (1.48-1.80) (1.81-3.49) (1.96-3.75) (2.20-4.22) (0.29-1.71) (0.31-1.84) (0.35-2.04)
I\/IedAicare Yes vs no 113 115 117 1.40 1.42 1.46 0.85 0.86 0.87
buy-in (1.03-1.24) (1.05-1.26) (1.07-1.29) (1.00-1.96) (1.02-1.99) (1.04-2.04) (0.38-1.90) (0.38-1.93) (0.39-1.97)
Cushing Yes vs no 1.62 1.61 1.69 0.00 0.00 0.00 4.25 15.36 16.24
g};”gdr:gg?f (0.73-3.56) (0.73-3.55) (0.75-3.80) (0.00-0.00) (0.00-0.00) (0.00-0.00) (1.93->20) (2.06->20) (2.20->20)
Hormone Yes vs no 0.80 0.80 0.78 1.12 1.12 1.08 0.00 0.00 0.00
{ﬁg'%%‘imem (0.54-1.18) (0.54-1.17) (0.53-1.15) (0.28-4.55) (0.28-4.55) (0.27-4.41) (0.00-0.00) (0.00-0.00) (0.00-0.00)
Qsteopqrosis Yes vs no 1.86 1.87 1.87 1.39 1.39 1.39 1.56 1.56 1.57
diagnosis (1.75-1.99) (1.75-1.99) (1.75-1.99) (1.06-1.81) (1.06-1.81) (1.06-1.81) (0.96-2.53) (0.96-2.53) (0.97-2.54)
Long‘-term Yes vs no 1.86 1.87 1.88 2.36 2.36 2.51 5.34 5.28 5.42
steroid use (1.25-2.76) (1.25-2.78) (1.27-2.80) (0.58-9.61) (0.58-9.60) (0.62-10.26) (0.72->20) (0.71->20) (0.73->20)
Injections, n  — 0.98 0.98 0.97 0.98 0.97 0.97 0.99 0.99 0.99

(0.97-0.99) (0.97-0.98) (0.97-0.98) (0.95-1.00) (0.95-1.00) (0.94-1.00) (0.95-1.04) (0.95-1.04) (0.95-1.04)

“Red values, P < .01; blue values, P <.001.
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Table 3. Spine, Hip, and Wrist Adjusted Relative Fracture Risk (35% Confidence Interval) for Patients Who Received
Transforaminal Steroid Injections Within 1, 2, and 8 Years®

Fracture Type
Spine Hip Wrist
Patient Group
Factor Comparison 1 Year 2 Years 8 Years 1 Year 2 Years 8 Years 1 Year 2 Years 8 Years
Age, vy 70-74 vs 65-69 1.15 1.15 115 0.82 0.82 0.82 1.21 1.21 1.21
(0.98-1.34) (0.98-1.34) (0.98-1.34) (0.36-1.88) (0.36-1.88) (0.36-1.89) (0.07-19.70) (0.08-19.53) (0.07-19.55)
75-79 vs 65-69 1.70 1.72 1.74 119 1.21 1.23 10.66 10.77 11.05
(1.47-1.96) (1.49-1.98) (1.51-2.01) (0.56-2.55) (0.56-2.58) (0.57-2.62) (1.28->20) (1.30->20) (1.34->20)
80-84 vs 65-69 1.93 1.96 2.05 2.24 2.29 2.40 12.68 12.87 13.31
(1.65-2.25) (1.68-2.29) (1.76-2.39) (1.15-4.39) (1.17-4.48) (1.22-4.70) (1.61->20) (1.64->20) (1.67->20)
85+ vs 65-69  2.23 2.32 2.56 3.62 3.82 4.23 3.31 3.44 3.90
(1.88-2.64) (1.96-2.76) (2.16-3.04) (1.74-7.54) (1.83-7.98) (2.01-8.93) (0.20->20) (0.20->20) (0.23->20)
Sex Female vs male 1.57 1.57 1.55 1.54 1.53 1.51 1.68 1.67 1.59
(1.41-1.76) (1.40-1.76) (1.39-1.74) (0.89-2.69) (0.88-2.67) (0.87-2.62) (0.44-6.46) (0.44-6.38) (0.42-6.06)
Race Asian vs white  0.72 0.72 0.70 1.97 1.98 1.93 0.00 0.00 0.00
(0.48-1.06) (0.48-1.07) (0.47-1.05) (0.73-5.35) (0.73-5.37) (0.72-5.17) (0.00-0.00) (0.00-0.00) (0.00-0.00)
Black vs white  0.32 0.32 0.32 0.64 0.63 0.63 0.00 0.00 0.00
(0.22-0.46) (0.22-0.46) (0.22-0.45) (0.16-2.59) (0.16-2.54) (0.16-2.49) (0.00-0.00) (0.00-0.00) (0.00-0.00)
Hispanic vs 0.78 0.77 0.74 2.34 2.27 2.21 143 1.43 1.25
white (0.53-1.16) (0.52-1.14) (0.50-1.11) (0.44-12.44)(0.42-12.19) (0.41-11.86) (0.10-19.72) (0.10->20) (0.08-19.02)
Other/unknown 0.79 0.78 0.77 0.00 0.00 0.00 0.00 0.00 0.00
vs white (0.52-1.22) (0.51-1.19) (0.50-1.18) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00)
Charlson 1-2vs 0 1.20 1.21 1.24 1.92 1.93 1.99 0.74 0.75 0.78
ﬁ%@frbid”\’ (1.07-1.35) (1.07-1.36) (1.10-1.40) (1.11-3.32) (1.11-3.34) (1.15-3.45) (0.26-2.10) (0.27-2.12) (0.27-2.24)
3-4vs0 1.34 1.36 1.43 1.82 1.86 1.99 0.92 0.94 0.98
(1.16-1.54) (1.17-1.57) (1.24-1.66) (0.88-3.78) (0.90-3.86) (0.95-4.13) (0.26-3.21) (0.27-3.29) (0.28-3.42)
b+vs 0 1.88 1.99 219 2.10 2.27 2.55 0.00 0.00 0.00

(1.56-2.27) (1.66-2.40) (1.82-2.64) (0.83-5.30) (0.90-5.73) (1.01-6.42) (0.00-0.00) (0.00-0.00) (0.00-0.00)

Medicare Yes vs no 0.90 0.90 0.90 0.56 0.56 0.56 3.28 3.26 3.1
buy-in (0.74-1.10)  (0.74-1.10) (0.73-1.11)  (0.23-1.39) (0.22-1.40) (0.22-1.40) (0.75-14.29) (0.75-14.29) (0.70 -
13.81)
Cushing Yes vs no 112 1.06 1.03 0.00 0.00 0.00 0.00 0.00 0.00
g\i/a”gdnrggi’: (0.29-4.36) (0.28-4.02) (0.28-3.82) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00)
Hormone Yes vs no 0.34 0.35 0.34 0.00 0.00 0.00 0.00 0.00 0.00
{ﬁgg%?,mem (0.11-1.04) (0.11-1.05) (0.11-1.02) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00)
Qsteopqrosis Yes vs no 1.60 1.61 1.62 1.98 1.99 2.01 3.53 3.54 3.58
diagnosis (1.41-1.81) (1.42-1.82) (1.43-1.83) (1.20-3.28) (1.20-3.30) (1.22-3.33) (1.30-9.57) (1.30-9.63) (1.32-9.72)
Long_—term Yes vs no 1.96 2.06 2.10 0.00 0.00 0.00 0.00 0.00 0.00
steroid use (0.95-4.05) (0.99-4.27) (1.01-4.34) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00)
Injections, n  — 0.99 0.99 0.99 0.95 0.95 0.95 1.00 1.00 1.00

(0.98-1.00) (0.98-1.00) (0.98-1.00) (0.92-0.99) (0.91-0.99) (0.91-0.99) (0.98-1.03) (0.98-1.03) (0.97-1.03)

?Red values, P < .01; blue values, P < .001.
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Table 4. Spine, Hip, and Wrist Adjusted Relative Fracture Risk (95% Confidence Interval) for Patients Who Received
Large-Joint Steroid Injections Within 1, 2, and 8 Years?

Fracture Type
Spine Hip Wrist
Patient Group
Factor Comparison 1 Year 2Years 8Years 1 Year 2Years 8Years 1 Year 2 Years 8 Years
Age, y 70-74 vs 65-69 1.26 1.27 1.27 1.34 1.34 1.34 0.82 0.82 0.82
(119-1.34) (1.19-1.35) (1.19-1.35) (1.05-1.71) (1.05-1.71) (1.05-1.71) (0.47-1.42) (0.47-1.42) (0.47-1.43)
75-79 vs 65-69 1.76 1.78 1.82 175 1.76 1.81 0.94 0.95 0.97
(1.66-1.87) (1.67-1.88) (1.71-1.93) (1.38-2.21) (1.40-2.22) (1.43-2.28) (0.60-1.47) (0.60-1.48) (0.62-1.51)
80-84 vs 65-69 2.13 219 2.33 2.29 2.34 2.51 0.95 0.97 1.03
(2.01-2.26) (2.06-2.31) (2.20-2.47) (1.82-2.88) (1.86-2.94) (2.00-3.16) (0.58-1.54) (0.60-1.57) (0.64-1.67)
85+ vs 65-69 2.30 2.45 2.81 2.92 3.10 3.61 1.37 1.45 1.66

(2.16-2.46) (2.30-2.61) (2.64-2.99) (2.27-3.76) (2.41-3.99) (2.80-4.64) (0.81-2.31) (0.86-2.45) (0.99-2.80)

Sex Female vs male 1.73 1.72 1.70 144 143 1.40 3.78 3.76 3.70
(1.65-1.81) (1.64-1.80) (1.62-1.78) (1.22 - 1.71)(1.21-1.70) (1.18-1.66) (2.24-6.36) (2.23-6.33) (2.19-6.25)

Race Asian vs white  0.84 0.83 0.79 0.51 0.50 0.48 0.00 0.00 0.00
(0.72-0.99) (0.71-0.97) (0.68-0.93) (0.23-1.11) (0.23-1.09) (0.22-1.04) (0.00-0.00) (0.00-0.00) (0.00-0.00)
Black vs white  0.30 0.30 0.30 0.59 0.59 0.58 0.31 0.31 0.31
Hispanic vs (0.26-0.35) (0.26-0.35) (0.26-0.35) (0.40-0.87) (0.40-0.87) (0.39-0.86) (0.10-0.94) (0.10-0.94) (0.10-0.93)
white 0.74 0.72 0.69 0.70 0.68 0.65 3.01 2.97 2.86
(0.59-0.92) (0.57-0.91) (0.55-0.87) (0.36-1.35) (0.35-1.33) (0.33-1.26) (1.31-6.94) (1.29-6.84) (1.24-6.61)
Other/unknown 0.84 0.83 0.82 1.05 1.04 1.03 2.57 2.55 2,53
vs white (0.68-1.03) (0.67-1.03) (0.67-1.01) (0.49-2.23) (0.49-2.21) (0.48-2.18) (0.92-7.18) (0.91-7.14) (0.91-7.07)
Charlson 12vs 0 1.20 1.21 1.24 1.10 1.1 115 1.42 1.43 1.47
ﬁ%@frbid”\’ (115-1.25) (1.16-1.26) (1.19-1.30) (0.93-1.31) (0.94-1.32) (0.97-1.37) (0.97-2.06) (0.98-2.08) (1.01-2.14)
3-4vs 0 1.36 1.41 1.50 1.43 1.47 1.59 1.30 1.34 1.42
(1.29-1.44) (1.33-1.49) (1.42-1.59) (1.16-1.76) (1.19-1.82) (1.28-1.96) (0.78-2.17) (0.80-2.23) (0.85-2.36)
5+ vs 0 153 1.64 1.84 2.31 2.48 2.83 1.24 1.32 1.48

(1.42-1.64) (1.53-1.76) (1.72-1.98) (1.80-2.96) (1.94-3.18) (2.21-3.64) (0.65-2.37) (0.69-2.53) (0.77-2.85)

Med‘icare Yes vs no 1.00 1.01 1.04 1.07 1.09 1.12 0.63 0.63 0.65
buy-in (0.93-1.07) (0.95-1.09) (0.97-1.12) (0.86-1.34) (0.87-1.36) (0.90-1.40) (0.37-1.06) (0.37-1.08) (0.38-1.11)
Cushing Yes vs no 114 1.16 1.29 0.00 0.00 0.00 0.00 0.00 0.00
Z\ig“gdnrggi“se (0.53-2.42) (0.54-2.49) (0.60-2.77) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00) (0.00-0.00)
Hormone Yes vs no 0.80 0.80 0.78 1.34 1.35 1.29 1.05 1.06 1.03
{ﬁg'rggme“t (0.59-1.07) (0.60-1.08) (0.58-1.05) (0.50-3.56) (0.50-3.60) (0.48-3.46) (0.15-7.61) (0.15-7.67) (0.14-7.50)
Osteoporosis  Yes vs no 1.74 1.74 1.74 1.43 1.43 1.43 1.79 1.79 1.78
diagnosis (1.67-1.81) (1.67-1.81) (1.67-1.81) (1.19-1.71) (1.19-1.72) (1.19-1.71) (1.27-2.51) (1.27-2.51) (1.27-2.51)
Long;term Yes vs no 1.4 1.44 1.47 1.88 1.90 1.97 4.1 418 4.28
steroid use (1.06-1.88) (1.08-1.92) (1.10-1.96) (0.72-4.95) (0.72-4.99) (0.75-5.17) (1.05-16.09) (1.07-16.38) (1.09-16.85)
Injections, n  — 0.96 0.96 0.95 0.95 0.95 0.94 0.91 0.91 0.90

(0.95-0.96) (0.95-0.96) (0.94-0.96) (0.93-0.98) (0.92-0.97) (0.91-0.97) (0.85-0.97) (0.85-0.97) (0.85-0.96)

“Red values, P < .01; blue values, P <.001.
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they may accept ESI as preferable to surgery. In
addition, most private payers require extensive
nonoperative treatment before they will approve
surgery as a treatment option.

In a study by Mandel and colleagues,' ESI
increased the risk of vertebral compression
fractures by 21%, which in turn increased the risk
of death.” If accurate, these findings obviously
would challenge the perception that ESl is a low-
risk intervention. In contrast to the Mandel study,™
the present analysis of the Medicare population
revealed no clinically relevant change in risk of os-
teoporotic spine fracture with each successive ESI
after the initial injection. After the initial injection,
each successive ESI decreased the relative risk
of osteoporotic spine fracture by 2%, and each
successive LJSI decreased it by 4%. Although
statistically significant, the small change in relative
risk may not be clinically relevant. However, taken
cumulatively over a number of successive injec-
tions, these effects may be clinically relevant.

The data also showed that, after the initial
injection, each successive ESI had no effect on risk
of osteoporotic hip or wrist fracture, and each suc-
cessive LJSI reduced the risk. Similar to earlier find-
ings,??! long-term steroid use increased the risk of
spine fracture in ESI and LJSI patients. Prolonged
exposure to steroids may be necessary to reduce
bone formation and increase bone breakdown.™

Although the study by Mandel and colleagues™
and our study both used administrative databases
and survival analysis methods, conclusions differed.
First, Mandel and colleagues™ used a study inclu-
sion criterion of spine-related steroid injections,
whereas we used a criterion of any steroid injec-
tion. Second, they used 50 years as the lower age
for study inclusion, and we used 65 years. Third, to
control for patients who had osteoporosis before
study entry, they excluded those who had a fracture
in an adjacent vertebra after kyphoplasty and verte-
broplasty. It is unclear if patients who had osteopo-
rotic fractures at other sites were excluded as well.
Thus, the 2 cohorts may not be directly comparable.

Whereas Mandel and colleagues™ based their
definition of osteoporotic spine fracture on a
keyword search of a radiology database, we used
a specific reportable /CD-9-CM diagnosis code. As
a result, they may have overreported osteoporotic
spine fractures, and we may have underreported.
Finally, our sample was much larger than theirs.
Given the relative rarity of osteoporotic fractures, a
study with a larger sample may have more power
to detect differences. In addition, unlike Mandel and

www.amjorthopedics.com
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colleagues,™ we focused on an injection cohort. \We
did not include or make comparisons with a no-
injection cohort because our study hypothesis
involved the potential systemic effects of steroid
injections based on injection site. Although chronic
steroid use was found to have a significant effect in
our study, it is unclear to what extent the diagnosis
code was used, during the comorbidity assessment
or only in the event of steroid-related complications.

Our study also found that, after the initial injection,
each successive LJSI decreased the risk of osteopo-
rotic wrist fracture by 10%, and each successive TSI
decreased the risk of osteoporotic hip fracture by
5%. It is plausible these injections allowed improved
mobility, mitigating the effects of osteoporosis
induced by inactivity and lack of resistance training.
It is also possible that improved mobility limited falls.

In summary, this analysis of the Medicare claims
database revealed that ESI, TSI, and LJSI de-
creased osteoporotic spine fracture risk. However,
the effect was small and may not be clinically
meaningful. After the initial injection, successive
ESls had no effect on the risk of osteoporotic hip
or wrist fracture, and successive LJSIs reduced
the risk of osteoporotic wrist fracture, perhaps be-
cause of improved mobility. Prolonged oral steroid
use increased spine fracture risk in ESIl and LJSI
patients. More studies are needed to evaluate the
risk-benefit profile of steroid injections.

Dr. Carreon is Clinical Research Director, Norton Leath-
erman Spine Center, Louisville, Kentucky. Dr. Ong is a
Principal Engineer, Biomedical Engineering Practice, Mr.
Lau is a Senior Managing Scientist, Epidemiology and
Computational Biology Practice, and Dr. Kurtz is a Princi-
pal and Practice Director, Biomedical Engineering Prac-
tice, Exponent, Inc, Menlo Park, California. Dr. Glassman
is an Attending Spine Surgeon, Norton Leatherman Spine
Center, Louisville, Kentucky, and a Professor, Department
of Orthopaedic Surgery, University of Louisville School of
Medicine, Louisville, Kentucky.

Address correspondence to: Leah Y. Carreon, MD, MSc,
Norton Leatherman Spine Center, 210 E Gray St, Suite
900, Louisville, KY 40202 (tel, 502-584-7525; fax, 502-
589-0849; email, leah.carreon@nortonhealthcare.org).

Am J Orthop. 2017,46(5):E293-E300. Copyright Frontline
Medical Communications Inc. 2017. All rights reserved.

References

1. Petho G, Reeh PW. Sensory and signaling mechanisms of
bradykinin, eicosanoids, platelet-activating factor, and nitric
oxide in peripheral nociceptors. Physiol Rev. 2012;92(4):1699-
1775.

2. Saal J.The role of inflammation in lumbar pain. Spine.
1995;20(16):1821-1827.

September/October 2017  The American Journal of Orthopedics®

E299



Risk of Osteoporotic Fracture After Steroid Injections in Patients With Medicare

E300

10.

1.

12.

Choi HJ, Hahn S, Kim CH, et al. Epidural steroid injection
therapy for low back pain: a meta-analysis. Int J Technol
Assess Health Care. 2013;29(3):244-253.

Chou R, Loeser JD, Owens DK, et al; American Pain Society
Low Back Pain Guideline Panel. Interventional therapies, sur
gery, and interdisciplinary rehabilitation for low back pain: an
evidence-based clinical practice guideline from the American
Pain Society. Spine. 2009;34(10):1066-1077.

Savigny P Watson P Underwood M; Guideline Development
Group. Early management of persistent non-specific low back
pain: summary of NICE guidance. BMJ. 2009;338:b1805.
Staal JB, de Bie RA, de Vet HC, Hildebrandt J, Nelemans P
Injection therapy for subacute and chronic low back pain: an
updated Cochrane review. Spine. 2009;34(1):49-59.

Angeli A, Guglielmi G, Dovio A, et al. High prevalence of as-
ymptomatic vertebral fractures in post-menopausal women
receiving chronic glucocorticoid therapy: a cross-sectional
outpatient study. Bone. 2006;39(2):253-259.

Donnan PT, Libby G, Boyter AC, Thompson P. The population
risk of fractures attributable to oral corticosteroids. Pharma-
coepidemiol Drug Saf. 2005;14(3):177-186.

Dubois EF, Wagemans MF, Verdouw BC, et al. Lack of
relationships between cumulative methylprednisolone dose
and bone mineral density in healthy men and postmeno-
pausal women with chronic low back pain. Clin Rheumatol.
2003;22(1):12-17.

YiY, Hwang B, Son H, Cheong I. Low bone mineral density,
but not epidural steroid injection, is associated with fracture
in postmenopausal women with low back pain. Pain Physi-
cian. 2012;15(6):441-449.

Al-Shoha A, Rao DS, Schilling J, Peterson E, Mandel S. Effect
of epidural steroid injection on bone mineral density and
markers of bone turnover in postmenopausal women. Spine.
2012;37(25):E1567-E1571.

Kang SS, Hwang BM, Son H, Cheong IY, Lee SJ, Chung TY.

The American Journal of Orthopedics® September/October 2017

20.

21.

Changes in bone mineral density in postmenopausal women
treated with epidural steroid injections for lower back pain.
Pain Physician. 2012;15(3):229-236.

. Kim S, Hwang B. Relationship between bone mineral density

and the frequent administration of epidural steroid injections
in postmenopausal women with low back pain. Pain Res
Manag. 2014;19(1):30-34.

. Mandel S, Schilling J, Peterson E, Rao DS, Sanders W. A

retrospective analysis of vertebral body fractures follow-
ing epidural steroid injections. J Bone Joint Surg Am.
2013;95(11):961-964.

. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new

method of classifying prognostic comorbidity in longitu-
dinal studies: development and validation. J Chronic Dis.
1987;40(5):373-383.

. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidi-

ty index for use with /CD-9-CM administrative databases.

J Clin Epidemiol. 1992;45(6):613-619.

Murray SB, Bates DW, Ngo L, Ufberg JW, Shapiro NI. Charl-
son index is associated with one-year mortality in emergency
department patients with suspected infection. Acad Emerg
Med. 2006;13(5):530-536.

Friedly J, Chan L, Deyo R. Increases in lumbosacral
injections in the Medicare population: 1994 to 2001. Spine.
2007;32(16):1754-1760.

Puisto V, Rissanen H, Helidvaara M, et al. Vertebral fracture
and cause-specific mortality: a prospective population study
of 3,210 men and 3,730 women with 30 years of follow-up.
Eur Spine J. 2011;20(12):2181-2186.

Lee YH, Woo JH, Choi SJ, Ji JD, Song GG. Effects of low-
dose corticosteroids on the bone mineral density of patients
with rheumatoid arthritis: a meta-analysis. J Investig Med.
2008;56(8):1011-1018.

Lukert BR, Raisz LG. Glucocorticoid-induced osteoporosis.
Rheum Dis Clin North Am. 1994;20(3):629-650.

www.amjorthopedics.com



