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Abstract
Study design Retrospective quasi-experimental design.
Objectives To compare the incidence of adverse drug events (ADEs) between persons with and without spinal cord injury
(SCI), while controlling for all potential and available risk factors.
Setting A commercially available claims dataset consisting of ~170 million patient cases in the United States between 2012
and 2013.
Methods Participants (aged 18–64 years) included 2779 persons with polypharmacy and traumatic or non-traumatic SCI and
2779 propensity score-matched persons with polypharmacy without SCI. The cohorts were matched using demographic
variables including number of concomitant prescriptions, comorbidities, hospital admissions, age, gender, and geographic
region. Inpatient and outpatient claims records containing 395 distinct IDC-9 codes indicative of ADEs were extracted.
Incidence and frequency of ADEs were compared between groups using logistic and Poisson regression, respectively.
Results Persons with SCI were significantly more likely to experience an ADE than matched controls (Odds Ratio= 1.45,
p< 0.0001). Among persons with ADEs (n= 1552), individuals with SCI experienced fewer ADEs over time than matched
controls (Incidence Rate Ratio= 0.91, p< 0.0001).
Conclusions While persons with SCI and polypharmacy are at a greater risk for experiencing an ADE, their medical care
after an ADE may be better managed than that of a matched control population. There may be a need for practice guidelines
that facilitate proactive identification of persons with SCI at the highest risk of ADE. Steps may then be taken to mitigate
risk, in contrast to current practice trends that appear to take a reactive approach after an ADE has occurred.

Introduction

Polypharmacy is commonly defined as the concomitant use
of five or more prescription drugs [1]. Numerous negative
health consequences are associated with polypharmacy,
including increased risk of falls, adverse drug events
(ADEs), hospitalization, mortality, declines in functional
status, and impaired cognition [2]. Evidence suggests that
rate of polypharmacy is increasing and is associated with
individuals’ risk for serious drug–drug interactions [1]. A
number of individual characteristics are associated with
increased risk of polypharmacy including older age [1],

geographic region of residence [3], and medical comor-
bidities [4]. As a result, there is a widespread effort to
increase awareness of the dangers of polypharmacy and to
ensure that the benefits and risks are adequately balanced
when prescribing multiple medications [5, 6].

Prescription of multiple medications is common in
treating patients with spinal cord injury (SCI). Research
suggests that, on average, there is a greater than three-fold
increase in the number of medications taken by an indivi-
dual after sustaining a SCI [7]. This increase in medications
can be problematic, however, as higher numbers of pre-
scription medications are associated with depression [8],
fatigue [9], and increased risk of pressure ulcers [10] in
persons with SCI. Until recently, relatively little was known
about the incidence of polypharmacy in this population. In
1998, Hope and Kailis [11] reported an average of more
than eight prescription medications among 88 participants
with SCI who were treated at a regional SCI center. More
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recent work [12] suggests that 30% of adults with pediatric
onset SCI and 56% of persons with adult onset traumatic or
non-traumatic SCI [13] take five or more concomitant
medications. Among adults with pediatric onset SCI, those
with tetraplegia and more secondary health conditions have
the highest rates of polypharmacy [12]. Moreover, when
compared to an age and gender-matched control population,
persons with SCI are prescribed with significantly more total
medications, drugs from high-risk categories, and multiple
medications within drug categories [13]. These prescription
medication patterns place persons with SCI at significantly
greater risk for ADEs than persons without SCI [13].

The aforementioned studies examining polypharmacy in
SCI provided valuable information about the incidence of
this phenomenon. Specifically, these findings revealed that
differences in the number of prescription medications [13]
and medical comorbidities [12] are important, potentially
confounding variables that should be considered when
comparing risk for ADE between persons with and without
SCI. Findings from studies of other diagnostic populations
suggest that hospitalizations [14], age [1], gender [15], and
geographic region of residence [3] are also important char-
acteristics to consider. The purpose of the present study is to
build upon previous literature by comparing the incidence of
ADEs between persons with and without SCI, while con-
trolling for all available risk factors. Based on literature to
date, we hypothesize that after controlling for all available
risk factors, persons with SCI will demonstrate greater
incidence and frequency of ADEs than matched controls.

Methods

Data source

Data used for the analysis were derived from Thompson
Reuters MarketScan® Commercial Claims and Encounters
Databases for the years 2012–2013. These databases
represent ~170 million employees, dependents, and retirees.
De-identified individual-level healthcare claims data for
inpatient, outpatient, and prescription drug services were
used in this analysis.

Participant selection and study period

From the available data, cohorts of persons with and
without SCI were formed (Fig. 1). Using the same SCI
phenotype as Kitzman et al. [13], initial identification of
persons aged 18–64 years with SCI was based on an out-
patient medical claim during the year 2012 with an SCI
diagnostic code of 344.0x (quadriplegia and quadriparesis),
344.1x (paraplegia), 806.xx (fracture of vertebral column
with SCI), or 952.xx (SCI without evidence of spinal bone
injury). As a result of using these diagnostic codes, the SCI
cohort included persons with traumatic (ICD-9 806, 952) or
non-traumatic SCI (ICD-9 344). The first six months
following the first date of service in 2012 represented the
baseline period. The number of concomitant medications
per month during the baseline period was extracted from
individual-level prescription drug records. As the objective
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Fig. 1 Flow diagram representing the selection and matching process for study participants
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of the study was to characterize ADE patterns associated
with polypharmacy, participants were required to have five
or more concomitant medications in at least four of the six
baseline months. Participants were also required to have at
least 12 months of continuous insurance coverage after the
date of the baseline period.

Participants included in the control cohort met the same
eligibility criteria as the SCI participants, but did not have a
diagnosis of SCI. Propensity score matching was conducted
using a logistic regression model to predict the probability
that, given a set of observed covariates, a participant has
a SCI [16]. This model resulted in a propensity score
derived from the following baseline characteristics: number
of concomitant prescriptions per month during each month
of the baseline period, age, sex, health plan type, geo-
graphical region, hospital admissions during baseline (yes/
no), number of emergency room visits, number of high-risk
prescriptions, and number of days’ supply of high-risk
prescriptions during baseline. Drug classes considered high
risk were: (1) sedative-hypnotic, non-barbiturates, (2)
anxiolytics, (3) antidepressants, (4) analgesic-narcotics, (5)
anticonvulsants, and (6) skeletal muscle relaxants [13].
Additionally, scores on two comorbidity indices–the
Charlson Comorbidity Index [17] and Elixhauser Index [18]
were used in propensity score matching. The Elixhauser
Index includes 31 dichotomous variables indicating the
presence or absence of comorbid diagnoses including, but
not limited to: alcohol abuse, drug abuse, obesity, diabetes,
and psychological conditions (e.g., depression, anxiety, or
psychosis). Including such variables in propensity score
matching ensures similarity between the two cohorts, so that
observed differences in outcomes can be more confidently
ascribed to the distinguishing factor (SCI diagnosis).
Matching was performed without replacement using a
greedy nearest available neighbor algorithm [19]. The
quality of the match was confirmed with standardized mean
differences on observed variables < 0.25 and graphical
displays of propensity score distributions in the unmatched
and matched cohorts [20].

Measures

Demographic information was captured during the
baseline period for both cohorts. Information about the
number of ADEs was extracted from inpatient and out-
patient medical claims during the 12-month post-baseline
period. Indicators of ADEs consisted of 395 diagnostic
codes identified by the Expert Panel for Classification of
Adverse Event ICD-9-CM Codes [21]. Outcome variables
included a dichotomous indicator of whether or not a
participant had any ADE ICD-9 code and a count
variable of the frequency of ADEs per participant during the
post-baseline period.

Analyses

Participant demographics were summarized descriptively.
Conditional logistic regression, to account for matched
pairs, was used to compare differences between cohorts on
the risk of having any ADE during the post-baseline period,
while controlling for the following variables: gender,
comorbidities, age in decades, average number of
prescriptions per month during baseline, and whether or not
the participant had a hospitalization during baseline.
Among participants with at least one ADE, differences
between cohorts in the number of ADEs during the
post-baseline period were examined using Poisson regres-
sion with a random effect for the matched pairs and a log
link. Incidence rate ratios (IRR), which represent the ADE
incidence rate in persons with SCI divided by the ADE
incidence rate in persons without SCI, 95%
confidence intervals of the IRR, and two-sided P values for
testing the hypothesis that the IRR is 1.0 were
examined. Analyses were conducted using SAS software
version 9.4 [22].

Statement of ethics

We certify that all applicable institutional and governmental
regulations concerning the ethical use of human volunteers
were followed during the course of this research.

Results

The SCI and control cohorts each consisted of 2779
participants who met all eligibility criteria. Demographic
information about participants is shown in Table 1. Both
cohorts were slightly over 50% female. The average age of
participants in the SCI cohort was 50.1 (standard deviation
[SD]= 10.6), and average age of control participants was
48.8 (SD= 11.8). Both cohorts were comprised of pre-
dominantly individuals residing in the Southern United States
(SCI= 37.1%, Controls= 41.1%) with Preferred Provider
Organization (PPO) insurance plans (SCI= 61.1%, Controls
= 62.2%). Additionally, both cohorts were characterized by a
low comorbidity burden at baseline, as indicated by the mean
values for the comorbidity indices. The standardized mean
differences of quantitative variables included in the propensity
score model before and after matching are shown in Fig. 2. As
all variables had standardized mean differences < 0.25, the
cohorts were deemed to be well-matched and suitable for
subsequent analyses.

Level-specific SCI diagnostic codes were identified for
32.7% of participants in the SCI cohort. Among those with

Polypharmacy in persons with and without SCI 593



level-specific codes, the most common SCI injury level was
Lumbar/Sacral (n= 347, 12.5% of total SCI cohort), fol-
lowed by T7-T12 (n= 216, 7.8% of total SCI cohort). A
majority of persons in the SCI cohort had non-traumatic
mechanisms of injury (63.3%).

Descriptive examination of the outcome variable, num-
ber of ADEs, revealed that 876 participants with SCI
(31.5%) and 676 controls (24.3%) had at least one ADE.
The most common ADEs were rash, dermatitis, and drug
psychosis. Among persons with SCI, 24.9% had at least one
rash, 4.0% had dermatitis, and 0.5% had drug psychosis.
Among the control cohort, 16.3% had at least one rash,
5.1% had dermatitis, and 0.8% had drug psychosis.

Results of the conditional logistic regression estimating
the occurrence of any ADE during the post-baseline period
are shown in Table 2. Findings revealed that individuals
with SCI (OR= 1.45, p< 0.0001) and females (OR= 1.38,
p< 0.0001) were significantly more likely to have an ADE.
Additionally, those with higher numbers of concomitant
prescriptions (OR= 1.05, p< 0.002) during the baseline
period were slightly more likely to experience an ADE.
There was no significant relationship observed between risk
of ADE and age in decades, hospital admission during
baseline, or Charlson Index.

Among those with ADEs, the distribution of baseline
characteristics was similar between persons with and
without SCI, as evidenced by standardized mean differences
< 0.25 for all variables used in propensity score matching.
As a result, we did not conduct a second round of
propensity score matching prior to analyses comparing
frequency of ADEs between cohorts for those with at least
one ADE (n= 1552). Results of a Poisson regression
(Table 3) estimating total number of ADEs revealed that,
relative to the control cohort, the SCI cohort had
significantly fewer ADEs after controlling for other
variables in the model (IRR= 0.91, p< 0.0001). Findings
also revealed that individuals with a hospital admission
(IRR= 1.36, p< 0.0001) and greater number of
concomitant medications during baseline (IRR= 1.02,
p< 0.0001) had significantly higher rates of ADEs. For
every 10-year increase in age, individuals tended to have
significantly fewer ADEs, although this trend was not
statistically significant (IRR= 0.93, p= 0.05). Female
gender and Charlson Index were not significantly
associated with a difference in the frequency of
ADEs.

As patients with SCI may be more likely to undergo
regular outpatient follow-up care, we conducted
sensitivity analyses to control for the number of outpatient
visits in the 12-month post-baseline period. Results
of the logistic and Poisson regression models did not sub-
stantially change after controlling for number of outpatient
visits.

Table 1 Participant demographic characteristics during baseline

SCI %
(n= 2779)

Controls %
(n= 2779)

Gender

Female 52.3 53.1

Male 47.7 46.9

Agea 48.8± 11.8 50.1± 10.6

US region of residence

South 37.1 41.1

North central 25.3 22.5

West 23.5 20.9

Northeast 12.9 13.9

Unknown 1.3 1.8

Insurance plan

PPO 61.0 62.2

HMO 15.4 14.0

Non-capitated POS 7.8 9.0

Comprehensive 6.8 3.5

Consumer-driven health plan 5.2 6.6

High deductible health plan 2.2 3.1

EPO 1.0 1.0

POS 0.6 0.6

SCI Level

C1-C4 5.1 –

C5-C7 2.4 –

T1-T6 1.4 –

T7-T12 7.8 –

Lumbar/sacral 12.5 –

Unknown 67.3 –

SCI mechanismb

Non-traumatic 63.3 –

Traumatic 36.7 –

Emergency room visit during
baseline

29.7 27.0

Hospitalization during baseline 25.0 17.1

Charlson index 0.21± 0.9 0.22± 0.9

Baseline concomitant
medications

8.8± 3.6 8.7± 3.5

Number of high risk
prescriptions

1018± 770.4 1021± 773.3

Days’ supply of high risk
prescriptions

25.5± 18.8 24.9± 18.4

PPO Preferred provider organization, HMO Health maintenance
organization, POS Point-of-service, EPO Exclusive provider
organization
a Data are reported as mean± standard deviation for: age, Charlson
index, baseline concomitant medications, number of high risk
prescriptions, and days’ supply of high risk prescriptions
b Traumatic SCI defined as ICD-9 code of 806.xx or 952.xx. Non-
traumatic SCI defined as ICD-9 code of 344.0x or 344.1x
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Discussion

The purpose of this study was to compare rates of ADEs
among persons with polypharmacy with and without SCI.

In accordance with our hypothesis and previous literature
[13], findings revealed that persons with SCI were sig-
nificantly more likely than matched controls to have an
ADE. These findings highlight the importance of con-
sidering patterns of polypharmacy-related ADEs among
those with SCI, as they are different from patterns in a
control population matched on number of concomitant
medications, age, gender, geographic region, insurance plan
type, emergency room visits, and inpatient hospital admis-
sions. Findings also revealed that among participants with
ADEs, persons with SCI had significantly fewer ADEs over
time than the matched cohort after controlling for a number
of potentially confounding factors. This finding is contrary
to our hypothesis and previous literature [13] and suggests
that the other factors included in the model may have
accounted for previously observed findings.

Results of this study suggest that while persons with SCI
and polypharmacy are at a greater risk for experiencing an
ADE, their medical care after an ADE may be better
managed than that of a matched control population. One
possible explanation for this may be increased imple-
mentation of the Chronic Care Model, which is a guide to
improve quality of chronic condition management within
primary care settings [23]. Persons with SCI report receiv-
ing care that more strongly aligns with the Chronic Care
Model when compared to reports from a broader population
of persons with chronic health conditions [24, 25], which
may partly explain why persons with SCI have fewer ADEs
over time than matched controls.

Similarly, results revealed that female gender was pre-
dictive of incidence of any ADE, but also predictive of
fewer ADEs over time. The finding that females are more
likely to experience ADEs than males is consistent with

Admission

Female

HR Prescriptions

 HR Days’ Supply

Emergency Visit

Charlson Score

Age

Propensity Score

Difference (SCI –  Control)

All Obs      Support Region       Matched Obs

Fig. 2 Scatter plot illustrating
the standardized mean
differences for continuous
variables between cohorts before
and after propensity score
matching. Dashed lines at ± 0.25
represent the threshold of
acceptable similarity between
cohorts. HR: high-risk, Obs:
observations.

Table 2 Conditional logistic regression estimating likelihood of
having an adverse drug event

Variable Odds
ratio

95% CI χ2 P

SCI 1.45 1.28–1.64 33.43 <0.0001

Female gender 1.38 1.15–1.66 11.85 <0.001

Charlson index 1.14 1.00–1.30 3.98 0.05

Hospital admission during
baseline

1.23 0.97–1.57 2.89 0.09

Decade age 1.01 0.90–1.13 0.03 0.86

Mean concomitant
prescriptionsa

1.05 1.02–1.08 9.89 0.002

a Mean concomitant prescriptions= average number of concomitant
prescriptions per month during the baseline period

Table 3 Poisson regression estimating total number of adverse drug
events

Variable IRR 95% CI P

SCI 0.91 0.78–1.06 <0.0001

Female gender 0.97 0.83–1.14 0.20

Charlson index 1.07 0.98–1.16 0.72

Hospital admission during baseline 1.36 1.13–1.64 0.04

Decade age 0.93 0.86–1.01 0.05

Mean concomitant prescriptionsa 1.02 1.00–1.05 0.004

a Mean concomitant prescriptions= average number of concomitant
prescriptions per month during the baseline period. IRR= Incidence
rate ratio

Polypharmacy in persons with and without SCI 595



existing literature [26–29]. Various explanations for this
gender difference have been posited, including the use of
different drugs and gender-based physiological differences
[30]. While females in the present study were more likely to
have an initial ADE, they had significantly fewer ADEs
over time, which may suggest that, similar to the SCI
population, care post-ADE may be better managed for
females.

After controlling for age, gender, medical comorbidity
indices, and other factors, the current findings raise sig-
nificant concerns about the incidence of polypharmacy-
related ADEs in persons with SCI. Therefore, the known
risks of polypharmacy in the general population and older
adults may be magnified after SCI, which has significant
implications for clinical practice guidelines. Clinicians
working with patients with SCI should carefully monitor
polypharmacy and consider potential benefits and risk of
harm when prescribing medications. Additionally, these
findings suggest there may be a need for development of
practice guidelines that facilitate proactive identification of
persons with SCI at the highest risk of ADE so steps may be
taken to mitigate risk; this approach is in contrast to current
practice trends, which appear to take a reactive approach
after an ADE has occurred.

Strengths and limitations

There are some important methodologic considerations for
interpreting our findings. First, we cannot be certain about
the degree of prescription adherance for individuals in this
study. Diversion of prescription medications may be a
problem among those with SCI, as they are an economically
impoverished group [31]. Thus, findings may be interpreted
as patterns of medication prescription, rather than medica-
tion use.

Second, the current findings reflect patterns of prescrip-
tion medication use among persons who have private
insurance. The patterns among those who are uninsured and
those who have Medicaid or Medicare may be different.
Additionally, due to the use of MarketScan data, informa-
tion about other variables (e.g., ethnicity, socioeconomic
status) that may account for observed findings is unknown.
The effect of such variables should be considered in future
prospective studies.

Third, the data did not include SCI-level specific diag-
nostic codes for 67.3% of persons in the SCI cohort, which
limits our understanding of the demographics of the current
sample and does not support more detailed subgroup ana-
lyses. Similarly, we do not have data on neurologic com-
pleteness of injury. Those with neurologically incomplete
injuries, even with higher neurologic levels, are more likely
to be ambulatory. Due to the absence of level-specific
diagnostic codes for a majority of the SCI cohort and

information about neurologic completeness, it is unclear
whether results may best generalize to persons with more or
less severe SCI. However, considering that among partici-
pants for whom neurologic level-specific codes were
available, the greatest portion had either lumbar-sacral
(12.5% of total SCI cohort) or lower thoracic (7.8% of total
SCI cohort) injuries, the sample may be skewed towards
less severe SCI.

The present study also has a number of methodologic
strengths. First, findings offer valuable insights regarding
prescription patterns and ADEs in a large, national,
population-based sample of persons with SCI. By capita-
lizing on population-based insurance claims data spanning
two years, trends may be revealed that would not be
detected in smaller samples or with shorter follow-up.
Second, the use of propensity score matching increases the
robustness of our findings. This methodology ensures a
greater chance that the observed differences were due to
SCI diagnostic status rather than baseline demographic
differences. Third, the present study included participants
with traumatic or non-traumatic mechanisms of SCI. While
is important to acknowledge that demographics and func-
tional outcomes of persons with traumatic vs. non-traumatic
SCI may be different [32, 33], we sought to compare trends
in polypharmacy and ADEs among individuals with
any SCI to a matched control population. Inclusion of
persons with traumatic or non-traumatic mechanisms of
injury allows findings of this study to build upon other
recent works [13] with enhanced generalizability to the
broader population of people with SCI.

Future directions

To build further upon these findings, future research should
focus on developing effective strategies for detecting ele-
vated risk of ADEs among persons with polypharmacy and
SCI. As a result, clinicians may be better equipped to pre-
vent ADEs in this population. Additionally, future studies
should examine the relationship between polypharmacy,
ADEs, and a variety of outcomes such as functional inde-
pendence, quality of life, satisfaction with care, and mor-
tality. Such work would add to current findings, which
reveal negative health consequences of polypharmacy in
SCI, by facilitating an understanding of the broader impact
of polypharmacy in this population.

Conclusion

Findings of this study indicate that, among individuals with
polypharmacy, persons with SCI demonstrated significantly
different ADE outcomes than matched controls. Specifi-
cally, persons with SCI were more likely to experience an
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ADE than matched controls. Among persons with ADEs,
individuals with SCI experienced fewer ADEs over time
than matched controls.
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