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Abstract
Study design Retrospective cohort study.
Objectives To examine the prevalence of polypharmacy for individuals with nontraumatic spinal cord dysfunction (NTSCD)
following inpatient rehabilitation and to determine associated risk factors.
Setting Ontario, Canada.
Methods Administrative data housed at ICES, Toronto, Ontario were used. Between 2004 and 2015, we investigated
prescription medications dispensed over a 1-year period for persons following an NTSCD-related inpatient rehabilitation
admission. Descriptive and analytical statistics were conducted. Using a robust Poisson multivariable regression model,
relative risks related to polypharmacy (ten or more drug classes) were calculated. Main independent variables were sex, age,
income quintile, and continuity of care with outpatient physician visits.
Results We identified 3468 persons with NTSCD during the observation window. The mean number of drug classes taken
post-inpatient rehabilitation was 11.7 (SD= 6.0), with 4.0 different prescribers (SD= 2.5) and 1.8 unique pharmacies
(SD= 1.0). Significant predictors for post-discharge polypharmacy were: being female, lower income, higher comorbidities
prior to admission, lower Functional Independence Measure at discharge, previous number of medication classes dispensed
in year prior to admission, and lower continuity of care with outpatient physician visits. The most common drugs dispensed
post-inpatient rehabilitation were antihypertensives (70.0%), laxatives (61.6%), opioids (59.5%), and antibiotics (57.8%).
Conclusion Similar to previous research with traumatic spinal cord injury, our results indicate that polypharmacy is
prevalent among persons with NTSCD. Additional research examining medication therapy management for NTSCD is
suggested.
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Introduction

Spinal cord injury/dysfunction is often a devastating life-
long condition that results in significant impairments, mor-
bidity, and lower life expectancies [1]. Most individuals with
spinal cord damage experience episodic secondary health
complications (e.g., urinary tract infections, spasticity, con-
stipation, respiratory infections) and multiple chronic con-
ditions (e.g., chronic pain, diabetes, heart disease, fatigue,
osteoporosis, depression) [2, 3]. Pharmacotherapy is often
provided for these complications and multimorbidity ren-
dering persons with spinal cord injury/dysfunction at risk for
polypharmacy [4].

In the general population, polypharmacy (e.g., often
defined as five or more drugs) can sometimes be proble-
matic because it may increase the risk of drug therapy
problems, potentially inappropriate prescribing, chal-
lenges with adherence, and negative health outcomes [5].
Although limited and mostly focused on traumatic spinal
cord injury (TSCI), previous studies have identified a high
prevalence of polypharmacy among persons with spinal
cord injury/dysfunction [4]. For example, a large cohort
by Kitzman and colleagues used administrative health
data in the United States to examine the prevalence of
polypharmacy and drug therapy problems in 4800 hos-
pitals over three years among patients with and without
injury/dysfunction [6]. Slightly more than half of the
cohort (56%; n= 7399 of a total 13,160) was on ≥5
concomitant prescription medications. Moreover, 23% of
the cohort was on ≥10 prescription medications as com-
pared with 7% for the age- and sex-matched control
group. Polypharmacy was identified as an important factor
contributing to drug-related problems, as persons with
injury/dysfunction who were taking five or more medi-
cations were 3.7 times more likely to have a drug-related
problem compared with comparison control group. While
Kitzman and colleagues used population-based data with
large, generalizable sample size, the analysis was not
stratified by type of injury/dysfunction (i.e., nontraumatic,
traumatic), and did not examine the factors associated
with polypharmacy.

A recent scoping review conducted by Cadel and col-
leagues identified possible negative clinical outcomes
associated with polypharmacy, such as drug therapy pro-
blems (e.g., intoxication by negative drug interactions), and
bowel complications (e.g., diarrhea, constipation) [4]. Fac-
tors related to polypharmacy included older age, higher
level of injury, and greater severity of injury. Cadel and
colleagues concluded more research is needed in this area;
particularly with nontraumatic spinal cord dysfunction
(NTSCD), with minimal studies specifying the mechanism
of injury or examining polypharmacy by injury [4]. Given
the age-related etiologies associated with NTSCD such as

cancer and degeneration of the spinal column [7], it is
important to further investigate the prevalence of poly-
pharmacy within this group. To address this gap, the current
study aimed to describe the prevalence of polypharmacy
among persons with NTSCD using administrative health
data and examine factors that impact the likelihood of
polypharmacy in this population.

Methods

Using administrative health data housed at ICES, Toronto,
Ontario (www.ices.on.ca), we conducted a retrospective
cohort study. ICES is a nonprofit research institute funded
by the Ontario Ministry of Health and Long-Term Care. As
a prescribed entity under privacy legislation in Ontario,
ICES is authorized to collect and use healthcare data for the
purposes of health system evaluation and improvement. The
datasets contain records of all publicly funded healthcare
encounters within the province of Ontario, Canada. As
Canada’s most populous province, Ontario represents ~40%
of the Canadian population with over 14 million residents.
Ontario has a universal health system under the Canada
Health Act that funds all medically necessary care by
physicians, hospitals, inpatient rehabilitation, and some
other beneficiary care. A comprehensive list of drugs is
publicly funded through the Ontario Drug Benefit (ODB)
program for individuals of 65 years and older and indivi-
duals <65 years who receive financial social assistance or
have catastrophic drug costs.

These datasets were linked using encoded identifiers and
analyzed at ICES. The National Rehabilitation Reporting
System (NRS) provided information individuals who
received inpatient rehabilitation care (e.g., admission and
discharge dates, transfer information, and diagnostic codes).
The Discharge Abstract Database (DAD) provided hospital
admission and discharge information (e.g., dates, transfer
information, the most responsible diagnosis and up to
24 secondary diagnostic codes [based on International
Classification of Disease, Tenth Revision Canada, ICD-10-
CA codes]). The National Ambulatory Care Reporting
System (NACRS) provided information related to emer-
gency department visits, and same day surgeries (e.g.,
diagnostic codes). The Ontario Health Insurance Plan
(OHIP) database provided information on outpatient phy-
sician visits (e.g., physician specialty, service date and
location, and diagnostic codes). The ODB database pro-
vided records of drugs dispensed in community pharmacies.
In Canada, every drug product has a different identifier
(drug identification number). The Ontario Registered Per-
sons database provided basic demographic information
(e.g., sex, age, date of birth, residential postal code), and
vital statistics information (e.g., death date).
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Study population

Individuals who were admitted to inpatient rehabilitation
with a NTSCD between April 1, 2004 and March 31, 2015
were included. Individuals were excluded if they died
before the end of their index episode of care, if they were
not living in the community for at least 275 days in the year
after their index episode of care [8], or if they were not
ODB eligible in the year after their index episode of care
(Fig. 1). These last two exclusions were done to ensure that
adequate data were available in the ODB database.

Study variables

Main outcome: polypharmacy

Our primary outcome was the prevalence of polypharmacy
within the NTSCD population during a 1-year period after
their index episode of care. An episode of care began with
the initial inpatient rehabilitation stay and continued
through transfer (if any) to another inpatient rehabilitation,
complex continuing care, long-term care, or home. Indivi-
duals could be at home for up to 14 days between periods of
inpatient stays and still be considered to be in the same
episode of care, to account for temporary discharges home
(e.g., waiting for a bed in rehabilitation or complex care).
Episodes of care ended when more than 14 days elapsed
without institutional care.

The observation window for drug claims began after
the episode of care and lasted for a 1-year period. We
chose to begin follow-up for polypharmacy after the index
episode of care due to the high readmission rates with this
population [9, 10] and the inability for the administrative
databases to capture drugs dispensed while in hospital.
Based on our previous work with TSCI, polypharmacy
was defined using a threshold of ten or more drug classes
[11]. We used cumulative polypharmacy, which is an
established approach for pharmacoepidemiology research
[12]. All unique drug classes received were summed over
the observation period. Drug classes were defined as
drugs with similar therapeutic or pharmacologic use,
using the third level of the World Health Organization’s
Anatomical Therapeutic Chemical drug classification
(ATC) system [13].

Independent variables of interest

Our main independent variables were sex, age, continuity
of care, and income quintile. Based on Cadel and
colleagues review [4], we also included the following
variables in the model: morbidity, functional status, length
of stay in rehabilitation, and the number of drug classes
dispensed in the year prior to inpatient rehabilitation
admission.

Continuity of care was defined as the proportion of
physician visits (office, home, phone) to the provider fre-
quented most often in the post-discharge observation year
divided by all physician visits [14]. High continuity was
defined as at least 75% of visits with the same physician and
low continuity was defined as <50% of visits made to the
same physician. Continuity of care was not calculated if an
individual had fewer than three visits in the observation
period.

We used postal code and census information to deter-
mine neighborhood income quintile for each individual. We
also used established methods to calculate prevalence of the
following chronic diseases prior to inpatient rehabilitation
admission: asthma, congestive heart failure, chronic
obstructive pulmonary disease, hypertension, diabetes,
rheumatoid arthritis, and dementia [15–22]. ICES databases
were used for determination of chronic diseases, mostly
using the DAD, NACRS, OHIP, and ODB [15–22]. Mor-
bidity burden was determined using the Johns Hopkins
ACG® System Ver. 10. For the 2 years prior to the inpatient
rehabilitation admission, the number of Aggregated Diag-
nosis Groups (ADGs) from hospitalization, emergency
department, and physician office visits were calculated.
A higher number of ADGs indicated greater morbidity [23].
Functional status was determined at discharge by the
Functional Independence Measure (FIM), with higher
scores indicating more independence [24].

6,377 individuals admitted to inpatient 
rehabilitation with non-traumatic spinal 

cord dysfunction (2004 – 2015) 

Died before end of index episode 
(n=100) 

Index episode ended after March 
31, 2015 (n=934) 

<275 days in community after 
index episode (n=739) 

Not ODB eligible a in year after 
index episode (n=1,136) 

3,468 individuals in cohort 

Fig. 1 Flow chart of individuals admitted to an inpatient rehabi-
litation hospital with nontraumatic spinal cord dysfunction
between 2004 and 2015 in Ontario, Canada. aNot ODB eligible
refers to not receiving publicly-funded drugs through the Ontario
Drugs Benefit program in the year following index episode.
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Statistical analysis

We used means (standard deviations), medians (interquartile
ranges), and proportions to describe demographic and clin-
ical characteristics. Differences between groups were tested
using chi squared tests for categorical characteristics, t-tests
for means, Wilcoxon–Mann–Whitney tests for medians, and
the Cochran–Armitage test for ordinal characteristics. We
used the exact McNemar’s test for differences in drugs
dispensed before and after inpatient rehabilitation. A test
was considered statistically significant at an alpha level of
0.05. Factors were examined independently in univariate
Poisson regression models with polypharmacy (10+ differ-
ent drug classes dispensed) as a binary outcome. Statistically
significant factors were included in the final Poisson multi-
variable regression model with robust standard errors [25].
Relative risks (RRs) and 95% confidence limits were cal-
culated. SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA; www.sas.com) was used to analyze the data.

Results

Overall, there were 3468 individuals who had an admission
to inpatient rehabilitation for NTSCD between April 1,
2004 and March 31, 2015 (Fig. 1) and who met our
inclusion/exclusion criteria. The median age (interquartile
range) at admission was 70 (62–77), with almost even sex
distribution (49.7% female; Table 1). The median length of
stay for inpatient rehabilitation was 30 days (IQR=
16–52), and the mean FIM score at discharge was 106.2
(standard deviation [SD]= 16.1). The majority of persons
resided in an urban setting (92.6%). Healthcare utilization
in the year prior to inpatient rehabilitation was relatively
high, with an average of 7.7 (SD= 7.1) specialist visits, 9.6
(SD= 8.5) family physician visits, and 12.4 (SD= 39.0)
home care visits. The mean number of preadmission ADGs
was 10.1 (SD= 4.0), with 20.3% of persons having high
comorbidity. The majority of persons had a previous
diagnosis of arthritis (79.8%), while 68.9% had hyperten-
sion, 30.6% had diabetes, 27.2% had coronary syndrome,
24.5% had cancer, and 23.1% had mood/anxiety disorders
(see Table 1).

Post-injury healthcare utilization and prescription
drugs dispensed

The mean number of drug classes taken following inpatient
rehabilitation was 11.7 (SD= 6; median 11 (IQR= 7–16);
see Table 2), with 62.7% on ten or more unique drug classes
and 89% on five or more. There was an average of 4.0
different prescribers (SD= 2.5) and 1.8 unique pharmacies
(SD= 1.0) used over the observation window. Continuity

Table 1 Characteristics of individuals with an inpatient rehabilitation
admission for nontraumatic spinal cord dysfunction between 2004 and
2015, in Ontario, Canada.

Overall cohort
n= 3468

<66 Years
of age
n= 1159

≥66 Years
of age
n= 2309

Demographics

Female, n (%) 1722 (49.7) 531 (45.8) 1191 (51.6)a

Age, median (IQR) 70 (62–77) 55 (44–62) 75 (70–80)a

Urban residence,
n (%)

3210 (92.6) 1059 (91.4) 2151 (93.2)a

Income quintile, n (%)a,b

1 (low) 807 (23.3) 348 (30.0) 459 (19.9)

2 664 (19.1) 226 (19.5) 438 (19.0)

3 667 (19.2) 233 (20.1) 434 (18.8)

4 678 (19.6) 193 (16.7) 485 (21.0)

5 (high) 635 (18.3) 150 (12.9) 485 (21.0)

Healthcare services utilization prior to admission

Visits, mean ± SD

Acute
hospitalizations

0.4 ± 0.8 0.4 ± 0.9 0.4 ± 0.7

Emergency
department

1.6 ± 2.2 2.1 ± 2.9 1.4 ± 1.8a

Family physician 9.6 ± 8.5 9.6 ± 11.0 9.6 ± 6.9

Home care 12.4 ± 39.0 12.7 ± 42.8 12.2 ± 36.9

Specialist 7.7 ± 7.1 6.7 ± 7.5 8.1 ± 6.9a

Continuity of care, n (%)a,c

Low 1609 (46.4) 514 (44.3) 1095 (47.4)

Medium 1262 (36.4) 396 (34.2) 866 (37.5)

High 508 (14.6) 186 (16.0) 322 (13.9)

Length of stay (in
days) for index
admission,
median (IQR)

30 (16–52) 36 (20–61) 29 (15–47)a

Preexisting comorbidities, n (%)

Acute myocardial
infarction (AMI)

6 (0.2) ≤5d ≤5d

Asthma 602 (17.4) 226 (19.5) 376 (16.3)a

Cancer 835 (24.1) 220 (19.0) 615 (26.6)a

Cardiac arrythmia 389 (11.2) 42 (3.6) 347 (15.0)a

Chronic heart failure 298 (8.6) 39 (3.4) 259 (11.2)a

Chronic obstructive
pulmonary
disease (COPD)

360 (10.4) 80 (6.9) 280 (12.1)a

Coronary syndrome
(excluding AMI)

944 (27.2) 129 (11.1) 815 (35.3)a

Dementia 95 (2.7) 13 (1.1) 82 (3.6)a

Diabetes 1060 (30.6) 267 (23.0) 793 (34.3)a

Hypertension 2390 (68.9) 519 (44.8) 1871 (81.0)a

Mood disorders 802 (23.1) 341 (29.4) 461 (20.0)a

Other mental
illnesses

279 (8.0) 177 (15.3) 102 (4.4)a
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of care was relatively low as 47.8% of the cohort had <50%
of their outpatient visits with the same physician after
inpatient rehabilitation. Overall, there were significant
increases in the majority of drug classes dispensed follow-
ing inpatient rehabilitation (Table 3). The most commonly
dispensed drug classes during this period were anti-
hypertensives (70.0%), laxatives (61.6%), opioids (59.5%),
antibiotics (57.8%), cholesterol lowering medications
(46.6%), and proton pump inhibitors (44.5%).

Predictors of the likelihood of polypharmacy

A number of variables were significantly associated with
the risk of polypharmacy (10+ different drug classes
dispensed) following inpatient rehabilitation (Fig. 2).
Notable significant risk factors included being female
(RR= 1.06; 95% confidence interval [CI] 1.02–1.11), low

continuity of care (RR= 1.07; 95% CI 1.02–1.12), low
income (RR= 1.09; 95% CI 1.03–1.16), ≤102 FIM score
(RR= 1.30; 95% CI 1.21–1.41), 103–111 FIM score (RR
= 1.19; 95% CI 1.04–1.29), and 112–117 FIM score (RR=
1.14; 95% CI 1.06–1.24). Higher number of drug classes
used prior to injury (RR= 1.86; 95% CI 1.75–1.98) was
also significantly associated with an increase in risk of

Table 1 (continued)

Overall cohort
n= 3468

<66 Years
of age
n= 1159

≥66 Years
of age
n= 2309

Osteoarthritis 2766 (79.8) 775 (66.9) 1991 (86.2)a

Osteoporosis 365 (10.5) 63 (5.4) 302 (13.1)a

Rheumatoid arthritis 170 (4.9) 39 (3.4) 131 (5.7)a

Renal failure 256 (7.4) 64 (5.5) 192 (8.3)a

Stroke 223 (6.4) 44 (3.8) 179 (7.8)a

Healthcare characteristics

ADG quintile, n (%)a,e

1 (low) 639 (18.4) 282 (24.3) 357 (15.5)

2 867 (25.0) 298 (25.7) 569 (24.6)

3 684 (19.7) 212 (18.3) 472 (20.4)

4 573 (16.5) 168 (14.5) 405 (17.5)

5 (high) 705 (20.3) 199 (17.2) 506 (21.9)

ADG score, median
(IQR)e

10 (8–13) 9 (7–12) 11 (8–13)a

Functional Independence Measure (FIM), mean ± SD

At admission 80.0 ± 16.8 80.6 ± 17.9 79.8 ± 16.1

At discharge 106.2 ± 16.1 106.4 ± 17.8 106.1 ± 15.1

AMI acute myocardial infarction, COPD chronic obstructive pulmonary
disease, ADG Aggregated Diagnosis Groups, IQR interquartile range,
FIM Functional Independence Measure, SD standard deviation.
aSignificant difference based on an alpha level of 0.05. Differences
between groups were tested using chi squared tests for categorical
characteristics, t-tests for means, Wilcoxon–Mann–Whitney tests for
medians, and the Cochran–Armitage test for ordinal characteristics.
bValues do not add up due to missing values.
cContinuity of care ¼ All physician office visits to usual source of care ðnÞ

All physician office visits ðnÞ .
dCell sizes <6 are suppressed for privacy.
eADG refers to Aggregated Diagnosis Groups from the Johns Hopkins
ACG® System. This system classifies health conditions in adminis-
trative health data over 2 years. Larger numbers of ADGs reflect
higher comorbidity levels.

Table 2 Healthcare characteristics of individuals 1 year after inpatient
rehabilitation for nontraumatic spinal cord dysfunction between 2004
and 2015, in Ontario, Canada.

Overall cohort
n= 3468

<66
Years of age
n= 1159

≥66
Years of age
n= 2309

Healthcare services utilization

Visits, mean ± SD

Acute
hospitalization

0.4 ± 0.9 0.5 ± 1.0 0.4 ± 0.8a

Emergency
department

1.2 ± 2.3 1.6 ± 2.9 1.0 ± 1.8a

Family physician 9.7 ± 8.4 9.9 ± 9.8 9.5 ± 76

Home care 58.3 ± 96.5 59.0 ± 98.0 57.9 ± 95.8

Specialist 8.5 ± 7.1 8.9 ± 7.9 8.4 ± 6.7

Continuity of care, n (%)

Low 1658 (47.8) 562 (48.5) 1096 (47.5)

Medium 1274 (36.7) 419 (36.2) 855 (37.0)

High 466 (13.4) 152 (13.1) 314 (13.6)

Medication characteristics

Number of drug
classes, mean ± SD

11.7 ± 6.0 10.5 ± 6.4 12.4 ± 5.6a

Number of unique
prescribers, mean ±
SD

4.01 ± 2.5 4.0 ± 2.8 4.0 ± 2.3

Number of unique
pharmacies, mean ±
SD

1.8 ± 1.0 1.8 ± 1.1 1.8 ± 1.0

Healthcare characteristics

ADG score, median
(IQR)b

8 (5–10) 8 (5–10) 8 (5–10)

ADG Quintile, n (%)a,b

1 (low) 574 (16.6) 196 (16.9) 378 (16.4)

2 748 (21.6) 262 (22.6) 486 (21.0)

3 731 (21.1) 228 (19.7) 503 (21.8)

4 632 (18.2) 204 (17.6) 428 (18.5)

5 (high) 783 (22.6) 269 (23.2) 514 (22.3)

IQR interquartile range, SD standard deviation.
aSignificant difference based on an alpha level of 0.05. Differences
between groups were tested using chi squared tests for categorical
characteristics, t-tests for means, Wilcoxon–Mann–Whitney tests for
medians, and the Cochran–Armitage test for ordinal characteristics.
bADG refers to Aggregated Diagnosis Groups from the Johns Hopkins
ACG® System. This system classifies health conditions in administrative
health data over 2 years. Larger numbers of ADGs reflect higher
comorbidity levels.
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Table 3 Prescription medications dispensed to individuals with nontraumatic spinal cord dysfunction 1 year before and 1 year after an inpatient
rehabilitation episode between 2004 and 2015, in Ontario, Canada.

Before After

Overall cohort
n= 3468

<66 Years of age
n= 1159

≥66 Years of age
n= 2309

Overall cohort
n= 3468

<66 Years of age
n= 1159

≥66 Years of age
n= 2309

Pain medications, n (%)

Acetaminophen 634 (18.3) 110 (9.5) 524 (22.7) 1181 (34.1)a 312 (26.9) 869 (37.6)

Opioids 1700 (49.0) 422 (36.4) 1278 (55.4) 2062 (59.5)a 749 (64.6) 1313 (56.9)

Systemic NSAIDsb 1588 (45.8) 361 (31.2) 1,227 (53.1) 1234 (35.6)a 399 (26.9) 835 (36.2)

Co-analgesic medications, n (%)

Antidepressants

Tricyclics and other NRIs 465 (13.4) 136 (11.7) 329 (14.3) 662 (19.1)a 286 (24.7) 376 (16.3)

SNRIs 276 (8.0) 92 (7.9) 184 (8.0) 380 (11.0)a 167 (14.4) 213 (9.2)

Benzodiazepines 834 (24.1) 225 (19.4) 609 (26.4) 1007 (29.0)a 365 (31.5) 642 (27.8)

Muscle relaxants 95 (2.7) 13 (1.1) 82 (3.6) 553 (16.0)a 318 (27.4) 235 (10.2)

Pregabalin and gabapentin 471 (13.6) 123 (10.6) 348 (15.1) 1049 (30.3)a 423 (36.5) 626 (27.1)

Other anticonvulsants 113 (3.3) 59 (5.1) 54 (2.3) 142 (4.1)a 74 (6.4) 68 (2.9)

Supportive care medications

Antidiarrheal drugs 32 (0.9) 11 (1.0) 21 (0.9) 61 (1.8)a 16 (1.4) 45 (2.0)

Laxatives 1085 (31.3) 221 (19.1) 864 (37.4) 2137 (61.6)a 667 (57.6) 1470 (63.7)

Urinary antispasmodics 204 (5.9) 44 (3.8) 160 (6.9) 385 (11.1)a 120 (10.4) 265 (11.5)

Dermatological medications, n (%)

Antifungals, antibiotics, and
antiseptics

544 (15.7) 112 (9.7) 432 (18.7) 768 (22.2)a 236 (20.4) 532 (23.0)

Topical steroids 665 (19.2) 119 (10.3) 546 (23.7) 735 (21.2)a 209 (18.0) 526 (22.8)

Cardiovascular medications, n (%)

Anticoagulants

Antiplatelet drugs 148 (4.3) 12 (1.0) 136 (5.9) 207 (6.0)a 20 (1.7) 187 (8.1)

Heparins 51 (1.5) 13 (1.1) 28 (1.7) 101 (2.9)a 45 (3.9) 56 (2.4)

Novel oral anticoagulants 36 ≤5b 31 98 (2.8)a 9 (0.8) 89 (3.9)

Warfarin 184 (5.3) 14 (1.02) 170 (7.4) 338 (9.8)a 80 (6.9) 258 (11.2)

Antihypertensives 2126 (61.3) 306 (26.4) 1820 (78.8) 2429 (70.0)a 533 (46.0) 1896 (82.1)

Cholesterol lowering medications 1397 (40.3) 173 (14.9) 1224 (53.0) 1617 (46.6)a 326 (28.1) 1291 (55.9)

Diabetes medications, n (%)

Glyburide and chlorpropamide 157 (4.5) 21 (1.8) 136 (5.9) 109 (3.1)a 20 (1.7) 89 (3.9)

Insulin 186 (5.4) 42 (3.6) 144 (6.2) 233 (6.7)a 69 (6.0) 164 (7.1)

Other oral antidiabetic agents 557 (16.1) 96 (8.3) 461 (20.0) 658 (19.0)a 173 (14.9) 485 (21.0)

Other medications, n (%)

Antipsychotics 207 (6.0) 115 (9.9) 92 (4.0) 319 (9.2)a 175 (15.1) 144 (6.2)

Osteoporosis prevention drugs 513 (14.8) 50 (4.3) 463 (20.1) 604 (17.4)a 102 (8.8) 502 (21.7)

Proton pump inhibitors 1128 (32.5) 237 (20.5) 891 (38.6) 1542 (44.5)a 442 (38.1) 1100 (47.6)

Stimulants 32 (0.9) 19 (1.6) 13 (0.6) 29 (0.8)a 15 (1.3) 14 (0.6)

Systemic antibiotics 1589 (45.8) 360 (31.1) 1229 (53.2) 2005 (57.8)a 634 (54.7) 1371 (59.4)

Vitamins and minerals 528 (15.2) 89 (7.7) 439 (19.0) 889 (25.6)a 200 (17.3) 689 (9.8)

NSAIDs nonsteroidal anti-inflammatory drugs, NRIs norepinephrine reuptake inhibitors, SNRIs serotonin–norepinephrine reuptake inhibitors.
aComparison between overall cohort before and after rehabilitation hospitalization; significant difference based on an alpha level of 0.05 using the
exact McNemar’s test for differences.
bCell sizes <6 suppressed for privacy.
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polypharmacy after inpatient rehabilitation. Morbidity (RR
= 1.01; 95% CI 1.01–1.02 per ADG) and length of stay in
inpatient rehabilitation (RR= 1.00; 95% CI 1.00–1.00
per day) were statistically significant but the RRs were
small. Age was not statistically significant.

Discussion

The present study found the prevalence of polypharmacy to
be high among persons with NTSCD, with more than half of
the cohort on ten or more different drug classes. However,
prior to inpatient rehabilitation, persons with NTSCD
had significant preexisting morbidity and prescription
drug claims. The most common pre-inpatient rehabilitation
comorbidities included those related to cardiovascular, can-
cer, and mental health. The most common prescribed drugs
following inpatient rehabilitation were related to cardiovas-
cular disease, bowel care, pain, and infections. Notable risk
factors associated with polypharmacy following inpatient
rehabilitation among persons with NTSCD were related to
sex, income, continuity of care, previous drug claims, mor-
bidity, and function.

Importantly, our findings reinforce the impact of medical
complexity among persons with NTSCD. In comparison
with the general older adult Canadian population and older
adults with TSCI, persons with NTSCD in our cohort had
significantly higher rates of polypharmacy. Our findings
indicated that 68% of persons with NTSCD >66 years of
age were on ten or more different drug classes, and 94%

were on five or more different drug classes. Comparatively,
the Canadian Institute for Health Information has reported
26.5% of older adults (65 years and older) are on ten or
more prescribed drugs, while 66% are on five or more drugs
[26]. Similarly, persons with NTSCD have higher pre-
valence of polypharmacy compared with TSCI, as we pre-
viously identified 56% of older adults with TSCI being
prescribed ten or more drugs [11].

The higher rates of polypharmacy among persons with
NTSCD are important for clinical and research considera-
tions. Clinically, these findings suggest the importance for
overall awareness of polypharmacy among this population.
Understanding subpopulations who may be more at risk for
polypharmacy and associated potential harm are important.
Adverse drug events increase with polypharmacy and the
potential for drug to drug interactions, side effects, com-
promised medication adherence, morbidity, and mortality
[5]. We identified persons most at risk are women, those
with multimorbidity, decreased functional independence,
lower income, and lower continuity of care. Hand and
colleagues also identified women, those experiencing
polypharmacy and morbidity at increased risk for drug
therapy problems for all types of injury/dysfunction [27].
Medication reviews and deprescribing opportunities (e.g.,
tapering opioids) may be warranted for further clinical and
research considerations.

Similar to previous research on TSCI [11], continuity
of care was an important predictor of polypharmacy, that
is, the higher continuity, the less risk for polypharmacy.
Persons with NTSCD in our cohort had a mean of four
different prescribers and visited 1.8 different pharmacies
in the observation window. Given the medical complexity
and prevalence of polypharmacy, it is important for
informational continuity which may be enhanced by
sharing electronic medical records and by establishing a
continued relationship with providers, such as a usual
pharmacy [28].

These findings reinforce the importance for conversa-
tions around medication self-management and medication-
taking behavior among persons with NTSCD during their
inpatient rehabilitation. For example, educational compo-
nents may include improving health literacy, such as
understanding what medications are prescribed for, how to
take them, side effects to watch out for and who to follow
up with should there be any additional concerns [28].
Moreover, previous research has shown medication-taking
behavior can be compromised if there are mental health
concerns [29]. Approximately 31% of our cohort had either
a mood disorder or another mental illness diagnosis prior
to their inpatient rehabilitation stay. Clinicians should be
sensitive to challenges with taking medications as recom-
mended among persons with NTSCD who also have con-
comitant mental health concerns.

FIM Score: 112-117

FIM Score: 103-111

FIM Score: ≤102

Pre-Injury Drug Classes (per class)

Low Continuity of Care

Moderate Income

Low Income

LOS (per day)

ADG Score (per group)

Female

0.00 0.50 1.00 1.50 2.00

Relative Risk

Fig. 2 Forest plot of statistically significant risk factors for poly-
pharmacy (10+ drug classes) among individuals with an inpatient
rehabilitation admission for nontraumatic spinal cord dysfunction
between 2004 and 2015, in Ontario, Canada. Reference categories
are indicated in brackets: female (male), low income (high income),
moderate income (high income), low continuity of care (high con-
tinuity of care), ≤102 FIM score (117+ FIM score), 103–111 FIM
score (117+ FIM score), and 112–117 FIM score (117+ FIM score).
ADG Aggregated Diagnosis Groups (measure of morbidity), FIM
Functional Independence Measure, LOS length of stay.

138 S. J. T. Guilcher et al.



Strengths and limitations

There are a few limitations of this study. In using admin-
istrative health data, we were unable to identify persons
who are on private plans or those who pay out-of-pocket. In
addition, we were not able to capture prescriptions that were
prescribed but never dispensed or were dispensed in an
inpatient setting. Thus, our findings represent a conservative
estimate of polypharmacy in this population. We mitigated
this by starting the observation window after the initial
inpatient episode of care to minimize the unaccounted
inpatient prescriptions. While we identified the first inpa-
tient rehabilitation stay for individuals during our observa-
tion window, we do not know the time of diagnosis for a
NTSCD. While those <65 who are receiving drug coverage
due to social assistance or catastrophic drug coverage may
be uniquely different than those over 65 who are receiving
coverage due to age, we did not find any differences in
findings with sensitivity analyses. We chose to use cumu-
lative polypharmacy to be consistent with how others report
polypharmacy to which we were comparing our data (e.g.,
the Canadian Institute for Health Information), rather than
simultaneous or continuous polypharmacy. There is no gold
standard on the best method for capturing polypharmacy.
Finally, we were not able to capture over-the-counter
medications or natural health products or identify the indi-
cations for the medications. There are several strengths to
this study, including the use of population-level data to
examine prevalence of polypharmacy. We used the ATC
system for classifying medications, which is an inter-
nationally adopted system such that our results will be more
easily compared with future research in this area. We were
also able to capture almost all prescription medications
dispensed to persons over the age of 65, using the ODB
database.

Future directions

Future research examining medication therapy manage-
ment for NTSCD would be warranted. The present study
identified high rates of polypharmacy and associated risk
factors; however, more research is needed to understand
prescription drug use and the types of drugs used over
time. We identified for example more than half of the
cohort is prescribed opioids, and future research would be
useful to monitor trends in opioid use over time following
inpatient rehabilitation. Future research examining the
impact of morbidity and function on polypharmacy would
be useful. Further, qualitative research is warranted to
explore perceptions of medications, factors related to
adherence and self-management, and more specifically,
how persons with NTSCD are integrating medications
into their everyday life.

Summary

There is limited research to date examining polypharmacy
among persons with NTSCD. This study identified a high
prevalence of polypharmacy. Risk factors associated with
polypharmacy were female sex, low income, high morbid-
ity, lower functional status, and low continuity of care.

Data availability

The dataset from this study is held securely in coded form at
ICES. While data sharing agreements prohibit ICES from
making the dataset publicly available, access may be
granted to those who meet prespecified criteria for con-
fidential access, available at www.ices.on.ca/DAS.

Acknowledgements This study was supported by ICES, which is
funded by an annual grant from the Ontario Ministry of Health and
Long-Term Care (MOHLTC). Parts of this material are based on data
and information compiled and provided by the Canadian Institute for
Health Information. However, the analyses, conclusions, opinions, and
statements expressed herein are those of the author, and not necessarily
those of the Canadian Institute for Health Information. The opinions,
results, and conclusions reported in this paper are those of the authors
and are independent from the funding sources; no endorsement is
intended or should be inferred.

Funding This project was funded by a Connaught New Investigator
Award (University of Toronto), and the Craig H. Neilsen Psychosocial
Research Pilot grant (PSR2-17, grant #441259). SJTG is supported by
a Canadian Institutes of Health Research Embedded Clinician Scientist
Salary Award on Transitions in Care working with Ontario Health
(Quality; formerly Health Quality Ontario). AKL is supported by a
Canadian Institutes of Health Research New Investigator Award, as a
Clinician Scientist at the University of Toronto Department of Family
and Community Medicine, and as the Chair in Implementation Science
at the Peter Gilgan Centre for Women’s Cancers at Women’s College
Hospital in partnership with the Canadian Cancer Society.

Author contributions SJTG conceptualized the study. SJTG, SLH, TP,
TaP, and AKL obtained acquisition of study funding and designing the
study. SJTG, M-EH, DMC, and AJC, prepared, coordinated, and
guided the data analyses and interpretations. DMC and AJC analyzed
the data. All authors assisted with overall interpretation and con-
textualization. SJTG, M-EH and QG assisted with the first draft of the
manuscript. All authors critically reviewed and approved manuscript.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethics approval The use of data in this project was authorized under
section 45 of Ontario’s Personal Health Information Protection Act,
which does not require review by a Research Ethics Board. However,
we received Research Ethics Board approval from the University of
Toronto (#34063).

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Prescription medications dispensed following a nontraumatic spinal cord dysfunction: a retrospective. . . 139

http://www.ices.on.ca/DAS


References

1. Savic G, DeVivo MJ, Frankel HL, Jamous MA, Soni BM,
Charlifue S. Long-term survival after traumatic spinal cord injury:
a 70-year British study. Spinal Cord. 2017;55:651–8.

2. Rivers CS, Fallah N, Noonan VK, Whitehurst DG, Schwartz CE,
Finkelstein JA, et al. Health conditions: effect on function, health-
related quality of life, and life satisfaction after traumatic spinal
cord injury. A prospective observational registry cohort study.
Arch Phys Med Rehabil. 2018;99:443–51.

3. Adriaansen JJ, Ruijs LE, van Koppenhagen CF, van Asbeck FW,
Snoek GJ, van Kuppevelt D, et al. Secondary health conditions
and quality of life in persons living with spinal cord injury for at
least ten years. J Rehabil Med. 2016;48:853–60.

4. Cadel L, C. Everall A, Hitzig SL, Packer TL, Patel T, Lofters A et al.
Spinal cord injury and polypharmacy: a scoping review. Disabil
Rehabil. 2019: 1–13. https://doi.org/10.1080/09638288.2019.1610085.

5. Duerden M, Avery T, Payne R. Polypharmacy and medicines
optimizations: making it safe and sound. 11–13 Cavendish Square
London W1G 0AN: The King’s Fund; 2013. http://www.
kingsfund.org.uk/sites/files/kf/field/field_publication_file/polypha
rmacy-and-medicines-optimisation-kingsfund-nov13.pdf. Accessed
16 Jun 2016.

6. Kitzman P, Cecil D, Kolpek JH. The risks of polypharmacy fol-
lowing spinal cord injury. J Spinal Cord Med. 2017;40:147–53.

7. New PW, Cripps RA, Lee BBonne. Global maps of non-traumatic
spinal cord injury epidemiology: towards a living data repository.
Spinal Cord. 2014;52:97–109.

8. Morgan SG, Weymann D, Pratt B, Smolina K, Gladstone EJ,
Raymond C, et al. Sex differences in the risk of receiving potentially
inappropriate prescriptions among older adults. Age Ageing. 2016;
45:535–42.

9. Jaglal SB, Munce SE, Guilcher SJ, Couris CM, Fung K, Craven
BC, et al. Health system factors associated with rehospitalizations
after traumatic spinal cord injury: a population-based study. Spinal
Cord. 2009;47:604–9.

10. Guilcher SJT, Munce SEP, Couris CM, Fung K, Craven BC,
Verrier M, et al. Health care utilization in non-traumatic and
traumatic spinal cord injury: a population-based study. Spinal
Cord. 2010;48:45–50.

11. Guilcher SJT, Hogan ME, Calzavara A, Hitzig SL, Patel T, Packer
T, et al. Prescription drug claims following a traumatic spinal cord
injury for older adults: a retrospective population-based study in
Ontario, Canada. Spinal Cord. 2018;56:1059–68.

12. Fincke BG, Snyder K, Cantillon C, Gaehde S, Standring P, Fiore
L, et al. Three complementary definitions of polypharmacy:
methods, application and comparison of findings in a large pre-
scription database. Pharmacoepidemiol Drug Saf. 2005;14:121–8.

13. World Health Organization Collaborating Centre for Drug
Statistics Methodology. Anatomical therapeutic chemical code
classification index with defined daily doses. http://www.whocc.
no/atcddd/.

14. Manitoba Centre for Health Policy. Continuity of care (Ambulatory):
glossary definition. 2011. http://mchp-appserv.cpe.umanitoba.ca/
viewDefinition.php?definitionID=102475.

15. Gershon AS, Wang C, Guan J, Vasilevska-Ristovska J, Cicutto L,
To T. Identifying patients with physician-diagnosed asthma in
health administrative databases. Can Respir J. 2009;16:183–8.

16. Schultz SE, Rothwell DM, Chen Z, Tu K. Identifying cases of con-
gestive heart failure from administrative data: a validation study using
primary care patient records. Chronic Dis Inj Can. 2013;33:160–6.

17. Gershon AS, Wang C, Guan J, Vasilevska-Ristovska J, Cicutto L,
To T. Identifying individuals with physcian diagnosed COPD in
health administrative databases. COPD. 2009;6:388–94.

18. Tu K, Campbell NR, Chen ZL, Cauch-Dudek KJ, McAlister FA.
Accuracy of administrative databases in identifying patients with
hypertension. Open Med. 2007;1:e18–26.

19. Hux JE, Ivis F, Flintoft V, Bica A. Diabetes in Ontario: deter-
mination of prevalence and incidence using a validated adminis-
trative data algorithm. Diabetes Care. 2002;25:512–6.

20. Widdifield J, Bombardier C, Bernatsky S, Paterson JM, Green D,
Young J, et al. An administrative data validation study of the
accuracy of algorithms for identifying rheumatoid arthritis: the
influence of the reference standard on algorithm performance.
BMC Musculoskelet Disord. 2014;15:216.

21. Jaakkimainen RL, Bronskill SE, Tierney MC, Herrmann N, Green
D, Young J, et al. Identification of physician-diagnosed alzheimerʼs
disease and related dementias in population-based administrative
data: a validation study using family physiciansʼ electronic medical
records. J Alzheimers Dis. 2016;54:337–49.

22. Koné Pefoyo AJ, Bronskill SE, Gruneir A, Calzavara A, Thavorn
K, Petrosyan Y, et al. The increasing burden and complexity of
multimorbidity. BMC Public Health. 2015;15:415.

23. Austin PC, van Walraven C, Wodchis WP, Newman A, Anderson
GM. Using the Johns Hopkins Aggregated Diagnosis Groups
(ADGs) to predict mortality in a general adult population cohort in
Ontario, Canada. Med. Care. 2011;49:932–9.

24. Granger CV, Hamilton BB, Linacre JM, Heinemann AW, Wright
BD. Performance profiles of the functional independence measure.
Am J Phys Med Rehabil. 1993;72:84–9.

25. Zou G. A modified poisson regression approach to prospective
studies with binary data. Am J Epidemiol. 2004;159:702–6.

26. The Canadian Institute for Health Information. Drug use
among seniors on public drug programs in Canada, 2016. 2018.
https://secure.cihi.ca/free_products/drug-use-among-seniors-
2016-en-web.pdf.

27. Hand BN, Krause JS, Simpson KN. Polypharmacy and adverse drug
events among propensity score matched privately insured persons
with and without spinal cord injury. Spinal Cord. 2018;56:591–7.

28. Brown MT, Bussell JK. Medication adherence: WHO cares?
Mayo Clin Proc. 2011;86:304–14.

29. Grenard JL, et al. Depression and medication adherence in the
treatment of chronic diseases in the United States: a meta-analysis.
J Gen Intern Med. 2011;26:1175–82.

140 S. J. T. Guilcher et al.

https://doi.org/10.1080/09638288.2019.1610085
http://www.kingsfund.org.uk/sites/files/kf/field/field_publication_file/polypharmacy-and-medicines-optimisation-kingsfund-nov13.pdf
http://www.kingsfund.org.uk/sites/files/kf/field/field_publication_file/polypharmacy-and-medicines-optimisation-kingsfund-nov13.pdf
http://www.kingsfund.org.uk/sites/files/kf/field/field_publication_file/polypharmacy-and-medicines-optimisation-kingsfund-nov13.pdf
http://www.whocc.no/atcddd/
http://www.whocc.no/atcddd/
http://mchp-appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=102475
http://mchp-appserv.cpe.umanitoba.ca/viewDefinition.php?definitionID=102475
https://secure.cihi.ca/free_products/drug-use-among-seniors-2016-en-web.pdf
https://secure.cihi.ca/free_products/drug-use-among-seniors-2016-en-web.pdf

	Prescription medications dispensed following a nontraumatic spinal cord dysfunction: a retrospective population-based study in Ontario, Canada
	Abstract
	Introduction
	Methods
	Study population
	Study variables
	Main outcome: polypharmacy
	Independent variables of interest
	Statistical analysis

	Results
	Post-injury healthcare utilization and prescription drugs dispensed
	Predictors of the likelihood of polypharmacy

	Discussion
	Strengths and limitations
	Future directions
	Summary
	Publisher&#x02019;s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.Acknowledgements
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




