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Objective: To describe frequency and predictors of use of pharmacological therapies for osteoporosis in
persons with a spinal cord injury (SCI).
Design: Retrospective cohort study.
Setting: United States Veterans Health Administration (VA) national databases.
Participants: 11,048 persons with a traumatic SCI who received VA health care between Fiscal Years (FY)
2005–2015. Pharmacy data from VA’s Corporate Data Warehouse were used to identify prescriptions for Food
and Drug Administration-approved pharmacological treatments for osteoporosis including bisphosphonates,
calcitonin, denosumab, raloxifene and teriparatide.
Outcome Measures: Demographics, clinical and SCI-related characteristics, receipt of a dual energy x-ray
absorptiometry (DXA), and prevalent lower extremity fractures were examined to determine factors related to
receiving a pharmacological agent for osteoporosis.
Results: 1,041 persons (9.4%) had a prescription for a pharmacological agent for osteoporosis; the majority (n =
964, 93.0%) were bisphosphonates. There was a significant decline in the number of these prescriptions from FY
2005 (13.0%) to FY 2015 (2.2%). In multivariable analysis, age (>50 years) (OR = 1.60, 95% CI 1.31–1.94);
female sex (OR = 4.09, 95% CI 2.74–6.09); opioid (OR = 1.24, 95% CI 1.01–1.51) or corticosteroid (OR =
1.92, 95% CI 1.01–1.51) prescriptions; complete injury (OR = 1.26, 95% CI 1.04–1.53); receipt of a DXA
scan (OR = 84.03, 95% CI 59.80–118.07) and prevalent fracture (OR = 5.43, 95% CI 4.13–7.15) were
positive predictors. Black race (OR = 0.43, 95% CI 0.33–0.57) and obese BMI (OR = 0.59, 95% CI
0.45–0.76) were negative predictors.
Conclusions: Prescriptions for osteoporosis medications for persons with a SCI declined in recent years. The
strongest predictors for having filled these prescriptions were having had a DXA or a prevalent fracture.
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Introduction
Sublesional loss of bonemass is almost universally present
in personswith a spinal cord injury (SCI).1,2 Inmenwith a
SCI of at least two years’ duration, the rate of lower

extremity fractures, the most common fractures in
persons with a SCI, was estimated in one report to be
2.14 per 100 patient-years at risk for at least one fracture.3

These fractures are associated with significant morbidity4

andexcessmortality,3withmore thanathreefold increased
risk for mortality in older men with complete injuries.3

There are a number of pharmacological therapies
available for treatment of osteoporosis which are effica-
cious for fracture prevention in the general healthy
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population.5–7 However, no studies have reported on
whether they reduce fracture incidence in persons with
a SCI. Use of osteoporosis medications is recommended
to treat postmenopausal women and elderly men in the
general population without a SCI when there is a DXA-
derived diagnosis of osteoporosis or osteopenia, osteo-
penia on DXA with certain clinical risk factors, or a
history of a hip or vertebral fracture.8 Information char-
acterizing treatment patterns of osteoporosis in persons
with a SCI is limited to one previous report, an online
survey including 92 practitioners, which indicated that
approximately half of these practitioners treat osteo-
porosis in persons with a SCI in the VA health care
system.9

The purpose of this study was to describe frequency
and predictors of use of pharmacological therapies for
osteoporosis in persons with a traumatic SCI in a large
cohort of Veterans with SCI treated in VA facilities.

Methods
Participants
A national retrospective cohort study was performed
utilizing data from persons with a SCI receiving care
in the VA health care system. Persons with a SCI were
identified from the Allocation Resource Center
(ARC), a cumulative file of Veterans who used VA
care between FY2005 and FY2015. Those individuals
who were in the ARC file prior to FY2005 were con-
sidered to have entered the study cohort as of Oct. 1,
2004: others entered the cohort when they began using
VA care after Oct. 1, 2004. The VA Spinal Cord
Dysfunction (SCD) Registry and/or the SCI/D
Outcomes Database (SCIDO) from the same time
periods were utilized to determine SCI-level variables.
The SCD Registry included all U.S. Veterans with SCI
who received care at a VA. This clinical administrative
database was maintained by individual VA medical
centers to track the population of Veterans with SCI fol-
lowed by each center with data aggregated at a national
level. The Registry included information about SCI
characteristics such as etiology, date of onset, and level
of injury.10 VA implemented SCIDO, a national out-
comes-based registry, in 2011 to capture information
on all persons with SCI who received care within the
VA system as a replacement for the Registry. We used
both sources of data to ensure we captured all
Veterans with SCI seen in VA. National Corporate
Data Warehouse (CDW) information was used to
capture other patient characteristics, including non-
SCI related predictor and outcome variables.11

Prescriptions for a Food and Drug Administration
(FDA) approved pharmacological agent for

osteoporosis including a bisphosphonate [alendronate,
ibandronate (intravenous or oral), risedronate, and zole-
dronic acid], calcitonin, denosumab, raloxifene, and ter-
iparatide were ascertained from the VA national CDW
pharmacy files. Persons with no VA health care utiliz-
ation during the study time period, and those with a
nontraumatic or unknown etiology of SCI were
excluded. Those with a history of a malignant neoplasm
(ICD-9 codes 140–208 and 230–239) or Paget’s disease
(ICD-9 code 731.0) were also excluded as several of
these osteoporosis medications can be used for indi-
cations other than osteoporosis, i.e. to treat malig-
nancy-related complications or Paget’s disease of bone.

Predictors of prescriptions for pharmacological
therapies for osteoporosis
Potential predictors of a prescription for a pharmaco-
logical therapy for osteoporosis including demographic,
clinical and SCI-related characteristics were determined
as close to the beginning of the study time period as
possible. Demographic risk factors for osteoporosis
examined included age, race, ethnicity, and sex. Body
mass index (BMI) and medication use (filled prescrip-
tions for opioids, corticosteroids, and anticonvulsants
in the year prior to the first osteoporosis medication12–14)
were examined as clinical risk factors. We limited
medications that may be risk factors for fracture in
SCI that have been documented in the literature.3,4,15

SCI – specific characteristics examined include level
and extent of injury.12 Receipt of a DXA [CPT code
76075 (before calendar year 2007) or CPT codes
77080–77081 (calendar year 2007 and after)] in the
year prior to receipt of the first pharmacologic therapy
for osteoporosis and presence of a lower extremity
(ICD-9 codes 820-829) or pathological lower extremity
fracture (ICD-9 codes 733.10, 733.14–733.16, and
733.19) that occurred in the year prior to receipt of the
first pharmacologic therapy for osteoporosis were also
examined as potential predictors.
For the comparison group of patients who did not

receive an osteoporosis medication, we determined the
median point between when patients in the pharmaco-
logical treatment group entered the study to when they
received their first prescription for an osteoporosis medi-
cation (median = 905 days) as the anchor or starting
point for control patients. For each comparison group
patient, we identified the date that was 905 days from
his/her study entry and then looked back one year from
that point to see whether these patients had received an
opioid, corticosteroid, or anticonvulsant prescription,
received a DXA scan, and/or experienced a lower extre-
mity or pathological lower extremity fracture.
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Statistical analysis
Baseline characteristics of the study population including
age (<50 and >=50 years), race, ethnicity, sex, BMI
(underweight, normal, overweight, and obese), level
(paraplegia or tetraplegia) and extent of injury (complete
or incomplete) by whether or not the patient filled any
prescriptions for pharmacological therapies for osteo-
porosis were examined using Pearson’s Chi-Square
Statistic. To account for multiple comparisons we used
a Bonferroni Adjustment with adjusted P = 0.004.
These analyses used the odds ratio (OR) with its 95%

confidence interval (CI) as the measure of association.
ORs and 95% CIs for filled prescriptions for osteoporo-
sis and for baseline demographics, clinical and SCI-
related factors, receipt of DXA, and prevalent lower
extremity fractures were estimated using a logistic
regression model.16

Statistical analyses were conducted using SAS release
9.4 (SAS Institute, Cary, NC) with two-sided p-values
reported.
The VA Institutional Review Boards at the Charlie

Norwood VA Hospital, Augusta, Georgia, and the
Hines VA Hospital, Hines, Illinois approved the study.
We certify that all applicable institutional and govern-
mental regulations concerning the ethical use of
humans in research were followed during the course of
this research.

Results
There were 64,811 unique persons in the ARC list com-
bined with the SCD and/or SCIDO Registry between
FY 2005 and FY 2015; of these, 10,784 had a history
of Paget’s disease or a malignant neoplasm and were
excluded. Additional exclusions included no VA health
care during the time period (n = 27,605), nontraumatic
spinal cord injury/condition (n = 6,665) and unknown
etiology of injury (n = 8,709). The final cohort included
11,048 persons with a traumatic SCI (Fig. 1).
Fewer than 10% (n = 1,041, 9.4%) of the SCI cohort

received a pharmacological therapy for osteoporosis
over the study time period. 964 (93.0%) patients received
a bisphosphonate [alendronate (n = 863, 76.9%), iban-
dronate (n = 4, <0.1%), risedronate (n = 4,<0.1% and
zoledronic acid (n = 6, <0.1%)]. Many fewer had pre-
scriptions for calcitonin (n = 173, 15.4%), denosumab
(n = 6, 0.5%), raloxifene (n = 2, 0.1%), or teriparatide
(n = 18, 1.6%).Of patientswho received anyosteoporosis
medication, 11.7% (n = 122) changed medications at
least once during the study period. For those who
changed medications (exclusive of any changes from ter-
iparatide to another agent after 24months since this is the
maximum recommended duration of treatment and it is

recommended to follow this medication by an anti-
resorptive agent),17 the most common medication pre-
scribed first was alendronate (n = 115). Most of these
patients were switched to calcitonin (n = 77) followed
by risedronate (n = 25). Over the time period of the
study, there was a significant decline in the number of
filled prescriptions for osteoporosis medications.
FY2005, 13.0% patients had a prescription for an osteo-
porosis medication, by FY2010 10.0% had a prescription
for osteoporosis medication and in the last year of our
study, FY2015, only 2.2% had prescriptions for osteo-
porosis medications (Z = −6.91; P < .0001; Fig. 2).
Baseline characteristics of the study population by

receipt of osteoporosis medication prescriptions are pro-
vided in Table 1. A list of all the opioid and anticonvul-
sant medications prescribed during the study time
period are provided in Appendix A. Persons with any
prescriptions for an osteoporosis pharmacological
therapy were more likely to be older (P = 0.0009),
female (P < 0.0001), have a lower BMI (P < 0.0001),
have a paraplegic-level injury (P = 0.0008) and have a
complete injury (P < 0.0001), compared to those
without a prescription. There were also significant
differences in race among those who filled a prescription
for a pharmacological agent for osteoporosis compared
to those who did not (P < 0.0001).
Using multiple logistic regression analysis, we exam-

ined the relationship among patient demographics, clini-
cal and SCI-related characteristics (i.e. age, race,
ethnicity, sex, BMI, receipt of any prescriptions for
opioids, corticosteroids or anticonvulsants in the prior

Figure 1 Flowchart of patient population included in study.
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year, and level and extent of injury), receipt of a DXA
scan in the year prior and incident of lower extremity
or pathological lower extremity fracture in the year
prior to first receipt of an osteoporosis medication. We
looked for the same data in the year prior to the
anchor date for the comparison patients. Receipt of an
opioid or corticosteroid prescription, having had a
DXA, or history of a lower extremity or pathological
lower extremity fracture in the year prior were predictive
of receiving an osteoporosis medication after adjusting
for demographic, clinical and SCI-related character-
istics. Receiving an opioid prescription (OR = 1.24,
95% CI 1.01–1.51) increased the likelihood of an osteo-
porosis medication prescription by 24%, and receiving a
corticosteroid prescription (OR = 1.92, 95% CI: 1.27–
2.92) increased the likelihood of an osteoporosis medi-
cation prescription by 92%. In particular, having had a
DXA scan increased the likelihood of an osteoporosis
medication prescription by approximately 84-fold
(OR = 84.03; 95% CI 59.80–118.07). Having experi-
enced a lower extremity or pathological fracture in the
year prior also was highly related to receiving an osteo-
porosis medication (OR = 5.43, 95% CI 4.13–7.15).
Persons over age 50, women and those with complete
injuries were more likely to have received a pharmaco-
logical medication for osteoporosis while black and
obese persons were less likely to have received one of
these medications (Table 2).

Discussion
In clinical practice within the VA health system, less than
10% of persons with a traumatic SCI filled a prescription
for a pharmacological therapy for osteoporosis over the
last decade, most commonly for a bisphosphonate
(93%). Receipt of a DXA or a history of a prior lower

extremity fracture and medications including corticos-
teroids and opioids were significant factors in whether
a person with SCI received pharmacological therapy
for osteoporosis. Patients with complete injuries also
were more likely to have been prescribed one of these
medications; complete injury is a well-established risk
factor for fracture.12 Predictors of osteoporosis medi-
cation use in the general population (i.e. older age,
white, female, and not obese)18 were also predictors
for the SCI population, suggesting that providers who
do prescribe osteoporosis medications incorporate infor-
mation on high risk populations for fracture from the
general population without a SCI.19

That few patients had prescriptions for pharmacologi-
cal therapy for osteoporosis is curious, as a prior study
of VA providers in which 54% of respondents indicated
they prescribed medications for SCI-induced bone loss
with 43% reporting that they prescribed bisphospho-
nates.9 While that study did not ask whether they pre-
scribe for most or fewer patients with osteoporosis, the
data suggest that osteoporosis medication was used
more frequently than was found in our study. In agree-
ment with this study,9 alendronate was the most com-
monly filled bisphosphonate (93.6%) and there were
very few filled prescriptions for other medications such
as denosumab, teriparatide or raloxifene (less than 4%
combined). Use of bisphosphonates as first line treat-
ment for osteoporosis in SCI is in accord with guidelines
for treatment of osteoporosis in the general healthy
population without a SCI; however, denosumab may
also be used as a first line therapy17 but was infrequently
used in this cohort. Similar to reports in the general
population without a SCI, there was a significant
decline in prescriptions for osteoporosis medications
over the time period of this study.20,21 A recent study

Figure 2 Trends in osteoporosis prescriptions over time.
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of osteoporosis treatment after hip fracture during the
same study period as ours found a very similar trend
from 9.8% in 2004 to 3.3% in 2015.22 It is not clear
why rates have dropped, especially since studies have
found reduced fracture risk, regardless of pretreatment
bone density.23 It is unclear whether lack of knowledge,

concerns about drug tolerability and side effects, or
other factors may account for this trend, although
public perception about long-term potential possible,
albeit rare, side effects, is likely one reason.24

In persons with a SCI, low bone mass and/or osteo-
porosis by DXA,2,25 and a history of prevalent lower
extremity fractures12 are the risk factors best able to
predict incident lower extremity osteoporotic fractures.
Our study suggests that clinicians are using these frac-
ture risk factors to appropriately target pharmacological
therapies for osteoporosis to those at highest risk for
fracture. Moreover, in the general healthy population
without a SCI, there is a time dependent risk of future
fractures, with a recent fracture within a year increasing
the risk for future fractures much more so than remote
fractures26 and fractures in the one-year prior time
period were considered in this cohort.
Medications including corticosteroids and opioids

also predicted receipt of pharmacological therapy for
osteoporosis. It has been hypothesized that corticoster-
oids, which substantially increase the risk of fracture in
the general population without a SCI27 may increase
risk of fractures in persons with a SCI,15 although
there are no large-scale studies that have specifically
examined this question. Use of opioids is common in
persons with a SCI,28 and opioids increase risk of frac-
ture in this population.13

This study has a number of important strengths. To
our knowledge, this is the first comprehensive study to
characterize what factors trigger pharmacological man-
agement of osteoporosis and what treatments are being
prescribed in persons with a SCI. Although the
number of women included was small (n = 299), both
men and women, and persons of all races and ethnicities
were included. Further, this study used a static analytic
dataset that was derived using information from mul-
tiple data points over time.
There are also a number of limitations to consider. We

were unable to include duration of injury or ambulatory
status in our models as this information was not avail-
able in the administrative data, nor were we able to
examine ASIA scores as these were missing on over
5,000 cases and 1,726 cases, respectively. We excluded
those with a history of cancer because bisphosphonates
and denosumab may be used to treat bone metastasis or
hypercalcemia in these persons and not osteoporosis,
but the possibility exists that these medications were
being used for osteoporosis.29,30 In addition, we did
not separate out short courses of opioid or steroid use
in this cohort, which would be unlikely to affect osteo-
porosis and fracture risk. We did not consider care
outside the VA; approximately 12% of Veterans with a

Table 1 Patient characteristics by medication receipt (N =
11,048).

Variable

No filled
prescription
(N = 10,007)

Filled
prescription
(N = 1,041)

P-
value⚑

Demographics
Age, n (%)

>50 5,751 (90%) 654 (10%) 0.0009
≤ 50 4,256 (92%) 387 (8%)

Race, n (%)
White 6,519 (89%) 793 (11%) <0.0001
Black 2,010 (95%) 116 (5%)
Asian 65 (92%) 6 (8%)
American

Indian/
Alaskan

106 (91%) 10 (9%)

Hawaiian/
Pacific
Islander

104 (87%) 16 (13%)

Ethnicity, n (%)
Hispanic 504 (91%) 49 (9%)
Non-Hispanic 8,434 (90%) 918 (10%) 0.4621

Sex, n (%)
Female 224 (75%) 75 (25%) <0.0001
Male 9,783 (91%) 966 (9%)

Clinical Characteristics
BMI, n (%)

Underweight 519 (88%) 68 (12%) <0.0001
Normal 3,472 (89%) 438 (11%)
Overweight 3,245 (90%) 354 (10%)
Obese 2,299 (93%) 170 (7%)

Opioid 1 Year Prior to Index Date*, n (%)
Yes 3,863 (87%) 570 (13%) <0.0001
No 6,144 (93%) 471 (7%)

Corticosteroids 1 Year Prior to Index Date*, n (%)
Yes 295 (74%) 101 (26%) <0.0001
No 9,712 (91%) 940 (9%)

Anticonvulsants 1 Year Prior to Index Date*, n (%)
Yes 2,334 (87%) 335 (13%) <0.0001
No 7,673 (92%) 706 (8%)

SCI-Related Characteristics
Level of Injury, n (%)

Paraplegia 4,319 (90%) 472 (10%) 0.0008
Tetraplegia 4,987 (92%) 431 (8%)

Extent of Injury, n (%)
Complete 3,904 (90%) 452 (10%) <0.0001
Incomplete 4,595 (93%) 371 (7%)

DXA 1 Year Prior to Index Date*, n (%)
Yes 61 (14%) 364 (85%) <0.0001
No 9,946 (94%) 677 (6%)

Lower Extremity or Pathological Fracture 1 Year Prior to Index
Date*, n (%)

Yes 340 (62%) 206 (38%) <0.0001
No 9,667 (92%) 835 (8%)

l̵Pearson’s Chi-Square.
*Index date for those with a filled prescription was the date of
their first filled prescription. Index date for those without a filled
prescription was the date of their first utilization plus 905 days.
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SCI/D in one report were receiving medication outside
the VA system.29 We did not have information from the
DXAs as to whether there was osteopenia or osteoporo-
sis, although the majority would be expected to have
some degree of low bone mass.2

In conclusion, although pharmacological therapies
for osteoporosis are not commonly prescribed for
Veterans with a SCI, it appears that clinicians do rely
on factors that predict fracture risk in this population
including information from DXA measurements, prior
fracture history and use of medications associated with
bone loss, as well as traditional clinical risk factors, to
target treatments with pharmacological therapies for
osteoporosis in persons with SCI.
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Appendix A
Prescriptions by medication class.

Opioids # of prescriptions

Hydrocodone/Acetaminophen 7970
Acetaminophen/Oxycodone 3487
Tramadol/Tramadol HCL 3238
Oxycodone/Oxycodone HCL 2590
Morphine/Morphine sulfate 2533
Acetaminophen/Codeine 1672
Methadone/Methodone HCL 1112
Fentanyl 722
Hydrocodone/APAP 573
Hydromorphone 555
Propoxyphene APAP 439
Propoxyphene/Propoxyphene HCL 197
Meperidine 124
Codeine 119
Hydrocodone Bitartrate 70
Belladonna/opium 61
Buprenorphine/Naloxone 44
Aspirin/Oxycodone 17
Propoxyphene/ Acetaminophen 10
Naloxone/Pentazocine 7
Buprenorphine 6
Codeine Phospate 5
Tapentadol 5
Levorphanol 4
Nalbuphine 4
Oxycodone/acetaminophen 4
Propoxyphene Napsylate 4
Darvocet 3
Oxycodone APAP 3
CPD Baclfen/Bupv/Clond/Hydromorphone
INJ

2

Percocet 2
Alfentanil 1
Butorphanol 1
Clonodine/hydromorphone inj 1
CPD Baclfen/Clond/Hydromorphone 1
CPD Bupiv/Hydromorphone 1
Hydromorphone & Bacolfen 1
Hydrocodone/Ibuprofen 1
Hydromorphone Lyphilized PWD 1
Pain Cocktail 1
Roxicet oral solultion 1
Sufentanil 1
Tylenol #3 1
Vicodin 1
White Hydrocodone/APAP 1

Anticonvulsants # of prescriptions

Gabapentin 5385
Divalproex 431
Topriramate 403
Carbamzepine 339
Levetiracetam 330
Phenytoin 287
Lamotrigine 266
Valproic acid 165
Primidone 54
Oxcarbazepine 46
Tiagabine 13
Zonisamide 12
Lacosamide 8
Fosphenytoin 2
Clobazam 1
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