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Abstract

There is worldwide geographic variation in the epidemiology of traumatic spinal cord injury (tSCI). The aim of this study

was to determine whether environmental barriers, health status, and quality-of-life outcomes differ between patients with

tSCI living in rural or urban settings, and whether patients move from rural to urban settings after tSCI. A cohort review of

the Rick Hansen SCI Registry (RHSCIR) was undertaken from 2004 to 2012 for one province in Canada. Rural/urban

setting was determined using postal codes. Outcomes data at 1 year in the community included the Short Form-36 Version

2 (SF36v2�), Life Satisfaction Questionnaire, Craig Hospital Inventory of Environmental Factors-Short Form (CHIEF-

SF), Functional Independent Measure� Instrument, and SCI Health Questionnaire. Statistical methodologies used were

t test, Mann-Whitney U test, and Fisher’s exact or v2 test. In the analysis, 338 RHSCIR participants were included; 65

lived in a rural setting and 273 in an urban setting. Of the original patients residing in a rural area at discharge,10 moved to

an urban area by 1 year. Those who moved from a rural to urban area reported a lower SF-36v2� Mental Component

Score (MCS; p = 0.04) and a higher incidence of depression at 1 year ( p = 0.04). Urban patients also reported a higher

incidence of depression ( p = 0.02) and a lower CHIEF-SF total score ( p = 0.01) indicating fewer environmental barriers.

No significant differences were found in other outcomes. Results suggest that although the patient outcomes are similar,

some patients move from rural to urban settings after tSCI. Future efforts should target screening mental health problems

early, especially in urban settings.

Keywords: community needs; follow-up studies; quality of life; rural urban migration; spinal cord injury

Introduction

Spinal cord injury (SCI) is a devastating injury that affects

roughly 4100 Canadians each year and can have profound, long

lasting consequences on how an individual proceeds with daily

life.1 The majority of the Canadian urban population is concen-

trated in larger metropolitan areas along the southern border, with a

smaller portion living in the vast northern rural areas of the country.

Activities that are more commonplace in rural areas include for-

estry, mining, skiing, snowmobiling, and mountain biking, and

these are all associated with traumatic spinal cord injury (tSCI),

potentially leading to a greater proportion of injuries in rural ha-

bitants. It has been reported that residents of rural areas are at twice

the risk of accidental injury compared with those in urban areas.2

Despite an overall increase in the population of the province of

British Columbia, the rural population has declined due to low birth

rates and migration of youth to urban areas.3 It is also likely that

individuals at higher risk for medical complications and mortality,

such as those with tSCI, migrate to urban regions to be closer to

medical facilities.4 Previous reports have evaluated the differences

in patient outcomes in various other chronic illnesses, such as

chronic obstructive pulmonary disease and congestive heart failure,

when comparing rural and urban patients, but this has been chal-

lenging in tSCI due to the rarity of the condition.5–7
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The acute and subsequent treatment of individuals suffering

from tSCI requires the collaborative efforts of multiple healthcare

professionals. Specialized and focused care is provided at large

tertiary referral centers for the acute and rehabilitation phases of

tSCI.8–11 Due to the number of potential secondary health condi-

tions that may arise in the long-term follow-up of individuals with

tSCI, providing comprehensive care may be challenging, especially

for family practitioners in remote locations.12 Rehospitalization

of patients with longstanding tetraplegia or paraplegia may occur

for numerous reasons; Dryden and colleagues have reported that

over the 6 years following an SCI, 44.1% of individuals were

rehospitalized for urinary tract infections, pressure ulcers, pneu-

monia, or septicemia, 33.3% of whom had multiple health condi-

tions.13 Others have reported that in the first year following

SCI, 36.2% of individuals with SCI are hospitalized at least once,

and 12.5% are hospitalized twice or more.14 These associated

conditions not only increase the burden on the healthcare system,

but also impact the individual’s outcomes such as quality of life,

well-being, and participation in the community. Further, environ-

mental barriers have also been shown to have an impact on health

status,15 social participation,16 and quality of life.17 It is unclear

whether individuals with tSCI in rural areas would experience

higher rates of secondary health conditions or environmental bar-

riers, or how their rural residency affects their outcomes, including

quality of life.

The goals of this study were to: 1) compare the environmental

barriers experienced by individuals with tSCI, and the health and

quality-of-life outcomes of those who live in rural versus urban

settings at 1 year in the community; 2) determine how many in-

dividuals with tSCI moved from a rural to an urban setting after 1

year in the community; and 3) compare the patient outcomes be-

tween individuals who remained in rural setting with those who

moved from a rural to an urban setting.

Methods

Study design

This cohort review utilized data from the Rick Hansen Spinal
Cord Injury Registry (RHSCIR) collected from patients admitted to
an SCI specialized acute care facility located within a Level I
trauma center (Vancouver General Hospital) between 2004 and
2012. RHSCIR is a pan-Canadian prospective registry of patients
with tSCI admitted to 1 of 18 acute and 13 rehabilitation facilities.
All participating facilities obtained local research ethics approval
before enrolling patients. A core dataset was collected for all pa-
tients, and an expanded dataset and a long-term community follow-
up questionnaire administered over an extended period of time
post-injury were collected for those who provided informed con-
sent.18 Details of the RHSCIR and the community follow-up
questionnaire are described elsewhere.18,19 For this study, commu-
nity follow-up data collected between 9 and 18 months post-discharge
from inpatient care (referred to as ‘‘1 year in the community’’) were
included in the analysis.

Study variables

Patient and injury factors. Demographic details of patients
obtained from the RHSCIR expanded dataset used in the analysis
were: age at injury, gender, education level, employment status,
marital status, compensation status, neurological injury severity by
American Spinal Injury Association (ASIA Impairment Scale
[AIS]; AIS A, B, C, D, E), and neurological injury level (cervical,
C1–C8; thoracolumbar, T1 and below) at discharge from inpatient

care, both derived from the International Standards for Neurolo-
gical Classification of SCI (ISNCSCI) examination.20

Rural and urban setting. The residential postal code col-
lected at discharge from inpatient care and at 1 year in the com-
munity were used to determine living setting (rural vs. urban) at the
respective time-points. Statistics Canada generally defines rural as
being fewer than 400 people per square kilometer. The process of
defining a rural or urban place of residence has been described pre-
viously.21 Individuals who migrated from one living setting to an-
other between discharge and 1 year in the community were identified
and compared with those who remained in the same living setting.

Outcomes. Patient outcomes analyzed in this study were
collected in follow-up questionnaires and included: the Craig
Hospital Inventory of Environmental Factors Short Form (CHIEF-
SF),22 the Functional Independence Measure (FIM�) instrument,
the Medical Outcomes Study 36-Item Short Form-36 Version 2
(SF36v2�) Questionnaire,23 the Life Satisfaction Questionnaire
(LiSat-11), and the SCI Health Questionnaire (SCIHQ).19 These
outcome measures have been previously validated and shown to be
appropriate with long-term follow-up of tSCI patients.19,22,25–27

The CHIEF-SF questionnaire measures the frequency and magni-
tude of perceived environmental barriers on participation in ac-
tivities. A mean total CHIEF-SF score and the mean five subscale
scores (policy barriers, physical/structural barriers, work/school
barriers, attitudes/support barriers, and services/assistance barriers)
were calculated.22 The FIM instrument was used to quantify
physical and cognitive functioning, and a mean total FIM score was
calculated.25 The SF36v2 assesses health status and includes eight
domains (physical functioning, role limitations–physical, bodily
pain, general health, vitality, social functioning, role limitations–
emotional, mental health), which can be reported as Physical
Component Score (PCS) and Mental Component Score (MCS).23

The LiSat-11 is a measure of quality of life, also referred to as
subjective well-being, and a mean total score was calcuated.24 The
SCIHQ asked the patient to self-report any secondary health con-
ditions experienced, and the conditions selected for this study were
deemed to require specialized care based on clinical expert opinion,
and included: autonomic dysreflexia, deep vein thrombosis, de-
pression, pressure ulcers, spasticity, and urinary tract infections.19

Statistical analysis

Descriptive statistics were used to describe demographic and in-
jury factors of patients in the study cohort. Statistical tests were
performed to compare patient outcomes between the rural and urban
populations at 1 year in the community. After reviewing the distri-
bution of data, normally distributed data were compared using t test;
data not normally distributed were compared using Mann-Whitney
U test. For discrete data, Fisher’s exact test or v2 test was used.

A sensitivity analysis was performed to test if patients lost
to follow-up were different from those included in the study. A
p value of <0.05 was considered as significant. All statistical ana-
lyses were performed using IBM SPSS Statistics for Windows,
Version 23.0 (IBM Corp., Armonk, NY).

Results

Of the 338 patients who completed the follow-up questionnaire

and provided postal code data, 75 lived in rural and 263 lived in

urban settings at the time of discharge. By 1 year in the community,

10 had moved from a rural to an urban setting, leaving 65 patients in

rural and 273 in urban settings (Fig. 1). Table 1 describes the de-

mographic and injury characteristics of patients by their living

setting at discharge. The average ages for rural and urban patients

were 42.7 – 17.8 and 44.7 – 18.7 years, respectively. There were no
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significant differences in age, gender, employment status, educa-

tion level, or marital status between patients living in rural and

urban settings (Table 1). There were also no significant differences

in mechanism of injury or neurological injury severity (AIS) or

level when comparing rural and urban patients (Table 1).

There was no difference in gender, employment, education,

marital status, or neurological injury severity (AIS) or level between

those who remained in a rural setting versus those who moved from a

rural to urban setting. There was a marginally significant trend for

those remaining in rural settings to be older (45.1 vs. 37.2 years,

p = 0.05). Compensation type was similar between the group that

remained in a rural setting (none = 39%, disability/other = 30%,

vehicle/workers = 31%) and those who moved from a rural to urban

setting (none = 30%, disability/other = 40%, vehicle/workers = 30%).

Patients who were lost to follow-up were significantly younger

(39.1 vs. 44.1, p = 0.01), more likely to have more severe injuries

(AIS A/B/C) (72% vs. 58%, p = 0.02), and more likely to have

cervical injuries (67% vs. 50%, p = 0.02) at time of discharge than

those who responded to the follow-up questionnaire.

Patient outcomes in rural and urban settings

Patients living in rural settings at 1 year had a significantly

higher mean CHIEF-SF total score compared with those living in

urban (1.3 – 0.9 vs. 1.0 – 1.1, p = 0.01), indicating more environ-

mental barriers perceived by those living in rural settings. When

comparing the subscales of the CHIEF-SF, patients living in rural

settings reported a significantly higher score for the physical/

structural (2.5 – 1.6 vs. 1.7 – 1.9, p = 0.002) and the services/assis-

tance subscales (1.7 – 1.5 vs. 1.2 – 1.5, p = 0.04) than the urban

population (Table 2). There were no significant differences in the

SF36v2 PCS and MCS, the FIM, or LiSat-11 total scores when

comparing patients residing in rural and those in urban settings at

1 year (Table 2).

When comparing the subpopulation of patients who migrated

from rural to urban and those who remained in rural settings, the

migrants had significantly lower SF36v2 MCS than those who re-

mained (46.0 – 9.0 vs. 53.4 – 10.1, p = 0.04). CHIEF-SF total or

subscales, FIM, SF36v2 PCS, and LiSat-11 scores were not sig-

nificantly different between these two populations (Table 3). In our

dataset, no patients migrated from an urban to a rural setting.

SCI secondary health conditions

Of the secondary health conditions analyzed, only self-reported

depression was significantly different between the patients living in

FIG. 1. Sample size flow chart for the study analysis. RHSCIR,
Rick Hansen Spinal Cord Injury Registry.

Table 1. Patient Characteristics in the Cohort Study

Variable

Living setting at discharge

Rural
(n = 75)

Urban
(n = 263) p value

Age at injury, mean – SD 42.7 – 17.8 44.7 – 18.7 0.410
Male gender, n (%) 58 (77.3%) 182 (77.1%) 0.969
Employed (yes), n (%) 48 (64.0%) 158 (68.4%) 0.480

Education, n (%) 0.172
Less than high school 22 (29.3%) 45 (19.4%)
High school or higher 53 (70.7%) 187 (80.6%)

Marital status, n (%) 0.286
Married/Common law 33 (44.0%) 118 (51.1%)
Not married 42 (56.0%) 113 (48.9%)

Mechanism of injury, n (%) 0.221
Falls 25 (33.8%) 85 (38.8%)
Transport 25 (33.8%) 63 (28.8%)
Sports 21 (28.4%) 48 (21.9%)
Other 3 (4.1%) 23 (10.5%)

ASIA Impairment
Scale (AIS), n (%)

0.280

AIS A/B/C 46 (61.3%) 123 (54.2%)
AIS D/E 29 (38.7%) 104 (45.8%)

Neurological level of
injury, n (%)

0.221

Cervical (C1–C8) 26 (47.3%) 88 (51.8%)
Thoracolumbar

(T1 and below)
29 (52.7%) 82(48.2%)

ASIA, American Spinal Injury Association; SD, standard deviation.

Table 2. Patient Outcomes at 1 Year in the Community

between Rural and Urban Populations

Outcome; mean – SD
Rural

(n = 65)
Urban

(n = 273) p value

CHIEF-SF
Policies 0.96 – 1.29 0.88 – 1.58 0.108
Physical/Structural 2.49 – 1.64 1.71 – 1.92 0.002
Work/School 0.32 – 1.09 0.17 – 0.68 0.361
Attitudes/Support 0.69 – 1.08 0.70 – 1.45 0.240
Services/Assistance 1.65 – 1.52 1.23 – 1.50 0.042
Total score 1.29 – 0.92 0.98 – 1.06 0.009

Total FIM score 100.14 – 24.54 101.77 – 24.79 0.704
SF36v2 Physical

Component score
31.11 – 10.40 32.26 – 9.31 0.432

SF36v2 Mental
Component score

53.42 – 10.14 50.59 – 12.34 0.126

LiSat-11 total score 3.98 – 0.89 3.89 – 0.96 0.573

Bold p values denote statistical significance.
CHIEF-SF, Craig Hospital Inventory of Environmental Factors-Short

Form; FIM, Functional Independence Measure; LiSat-11, Life Satisfaction
Questionnaire; SD, standard deviation; SF36v2, Short Form-36 Version 2.
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a rural and urban setting. Significantly more patients living in an

urban setting reported problems with depression compared with

rural patients (35% vs. 19%, p = 0.02; Table 4). This observation

prompted us to investigate the incidence of self-reported depression

experienced by those who migrated from rural to urban settings.

We found significantly more patients reported having depression

for those who migrated from rural to urban than those who re-

mained in rural settings (50% vs. 19%, p = 0.04). Other reported

secondary health conditions, including autonomic dysreflexia, deep

vein thrombosis, pressure ulcer, spasticity, and urinary tract in-

fection, were not significantly different between the rural and urban

populations at 1 year in the community (Table 4).

Discussion

This study compared patient outcomes between the rural and

urban populations with tSCI. Individuals residing in rural settings

who experience a tSCI face additional challenges with environ-

mental barriers and access to specialized healthcare, which may

precipitate their moving to an urban setting. Despite this, rural

patients had lower incidence of self-reported depression. Most

health and quality-of-life outcomes, as measured by FIM, SF36v2,

SCIHQ, and LiSat-11, were otherwise similar between the two

populations. By 1 year in the community, 13% of patients migrated

from a rural to an urban setting; these patients had a lower SF36v2

MCS and a higher incidence of self-reported depression than those

who remained in a rural setting.

Relation to previous literature

Difficulties experienced by individuals living with SCI in rural

areas include: getting timely general practitioner (GP) appoint-

ments, rural GP lack of experience with unique health challenges,

lack of local gyms and activities, access to the few local services

and shops, and lack of peer support.28 People living rurally have

more frequent visits to the emergency department,29,30 which may

be attributed to the limited access to rural SCI-specialized care.

Recent initiatives in Ontario and Australia to improve primary

care outreach in the community using interprofessional teams and

education in self-care and prevention have experienced initial

success in bridging mobility issues and lack of local SCI expertise

due to low patient volume.31–33 These concerns have also been

expressed by the Veterans Administration in the United States for

all veterans with chronic health conditions, indicating the con-

clusions of this work apply internationally not only for SCI, but

also in a wider group of individuals with higher disease and/or

injury burden.34

Although many previous studies have shown that patients will

generally live in a private residence more than 95% of the time, less

is known about whether their residence is in a rural or urban setting,

and how this may impact outcomes.26,28 The results of this study

demonstrated that only 13% of patients moved from a rural to urban

setting post-injury, so the majority were able to remain in a rural

setting regardless of their neurological impairment, even the nearly

50% of whom had a more severe cervical injury. The slightly older

population who remained in a rural setting versus those who moved

to an urban setting likely reflects that the rural population in general

is older than in urban areas, and that there is a higher recent pop-

ulation growth overall in urban (6%) compared with rural areas

(3%).35 Compensation type did not appear to differ between those

who remained and those who moved from a rural to urban setting;

however, the sample size is small, and the single-payer healthcare

system in Canada reduces variability in care.

Interestingly, although it was the rural population that reported

more physical/structural and services/assistance barriers, which

have been associated with poorer subjective physical and mental

health in people with SCI,15 it was the urban population, and those

moving from a rural to urban setting that reported higher rates of

depression (Table 4). Its clinical significance remains to be deter-

mined as other secondary health conditions were similar between

the two populations. Poorer mental health as measured by SF36v2

MCS was also observed for the individuals who moved from a rural

to an urban setting than those who remained in a rural setting

(Table 3) to a degree reported to be clinically relevant by oth-

ers.36,37 The sense of belonging, closeness of family, and social

supports that are typical of rural Canadian communities are likely

potential contributors to better mental health despite the more

isolated and challenging environment. A similar pattern has been

found in new mothers where the rate of postpartum depression is

higher in those living in urban versus rural settings.37 An oppor-

tunity to introduce preventative interventions for depression in

those identified most at risk may exist. However, we were not able

to determine the severity of the self-reported depression, or if the

Table 3. Patient Outcomes at 1 Year in the Community

between Patients Who Stayed in a Rural Setting

and Those Who Moved from a Rural

to an Urban Setting

Outcome; mean – SD

Remained
in rural
(n = 65)

Migrated
to urban
(n = 10) p value

CHIEF-SF
Policies 0.96 – 1.29 0.75 – 1.31 0.428
Physical/Structural 2.49 – 1.64 2.56 – 2.34 0.822
Work/School 0.32 – 1.09 0.31 – 0.70 0.640
Attitudes/Support 0.69 – 1.08 1.06 – 2.43 0.626
Services/Assistance 1.65 – 1.52 1.56 – 1.41 0.974
Total score 1.29 – 0.92 1.30 – 1.28 0.748

Total FIM score 100.14 – 24.54 96.30 – 21.90 0.387
SF36v2 Physical

Component score
31.11 – 10.40 28.79 – 7.69 0.505

SF36v2 Mental
Component score

53.42 – 10.14 45.99 – 8.99 0.035

LiSat-11 total score 3.98 – 0.89 3.60 – 0.78 0.223

Bold p values denote statistical significance.
CHIEF-SF, Craig Hospital Inventory of Environmental Factors-Short

Form; FIM, Functional Independence Measure; LiSat-11, Life Satisfaction
Questionnaire; SD, standard deviation; SF36v2, Short Form-36 Version 2.

Table 4. Secondary Health Conditions at 1 Year

in the Community between Rural

and Urban Populations

Health conditions, n (%)
Rural

(n = 65)
Urban

(n = 273) p value

Autonomic dysreflexia 9 (17.3%) 34 (13.4%) 0.292
Deep vein thrombosis 6 (11.5%) 18 (7.1%) 0.205
Depression 10 (19.2%) 90 (35.4%) 0.015
Pressure ulcer 9 (17.3%) 55 (21.7%) 0.310
Spasticity 34 (65.4%) 147 (57.9%) 0.199
Urinary tract infection 23 (44.2%) 110 (43.3%) 0.511

Bold p values denote statistical significance.
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development of depression occurred before or after SCI; more re-

search is needed to determine generalizability.

Implication

The findings of this study suggest that patients will be able to

return to their original geographic setting regardless of the level or

severity of their injury, which is reassuring for patients during their

post-injury inpatient treatment. Patients and their families have

numerous questions about lifestyle modifications that are necessary

as a result of tSCI, so the prospect of returning to their residence can

be reassuring and uplifting for patients who have recently incurred

a potentially devastating injury.

From a rehabilitation perspective, the goal for discharge is al-

ways a private residence in the home community, and this goal

stands for individuals living in rural areas. The resources and home

modifications required for individuals returning to the community

represent a huge cost for the patient, insurance provider, and the

healthcare system as a whole but are unlikely to be incurred mul-

tiple times as the majority of individuals may remain in their own

homes. With the increasing awareness about the importance of

accessible communities38 and the availability of emerging tele-

health enabling ‘‘virtual’’ interactions with primary care providers

in the community setting,31,32 it may be possible to reduce the

environmental barriers experienced.

Similarities in patient outcomes in those living in rural versus

urban settings are positive findings for both patients and healthcare

providers alike. The fact that there are no differences in measures of

physical health, mental health, life satisfaction, functional ability,

and perceived environmental barriers related to rural versus urban

setting indicates that patients can achieve similar outcomes re-

gardless of residence. The incidence of secondary health conditions

also does not differ between living setting, and both are comparable

to those reported in a large national study.39 These results may also

apply to other injuries and diseases, such as multiple sclerosis, that

limit mobility and access to specialized healthcare.

Next steps/gaps

Further longitudinal studies of patient outcomes will elucidate

how tSCI and its secondary health conditions impact perceived

environmental barriers, health status, and quality of life in the long-

term. Future studies will analyze RHSCIR data collected over an

extended period of time after discharge to examine time trends of

patient outcomes, as well as to adjust for relevant clinical factors

when evaluating the impact of living setting on patient outcomes.

As rurality is not unique to British Columbia, this study is appli-

cable to other provinces and countries with similar geography;

future geographic expansion of this project can enhance under-

standing of the impact of living setting on patient outcomes. Work

is also underway to investigate additional patient outcomes such as

healthcare accessibility and utilization in other rural regions in

Canada. Finally, findings from this study will help inform the up-

date of the Access to Care and Timing (ACT) simulation model for

tSCI care40,41 by enriching the parameter of post-injury living

setting to more accurately reflect the tSCI population.

Limitations

Tracking and following patients with tSCI can be difficult. This

study uses data from RHSCIR and although RHSCIR consists of a

comprehensive dataset, there are inherent limitations with these

data. The incidence of secondary health conditions were obtained

from a self-reported questionnaire, which can be subjected to recall

bias. Following these patients on a regular basis, performing de-

tailed neurological examinations, and obtaining the numerous data

points in multiple questionnaires is challenging. Alhough our

follow-up rate of 77% was higher than the expected response rate of

60% for most research,42 our sensitivity analysis showed that those

who did not respond had more severe injuries than those who did,

which created bias. This is not an uncommon challenge in the

SCI literature. One of the more robust, well-funded, research net-

works examining patient outcomes for degenerative conditions of

the lumbar spine is the Spine Patient Outcomes Research Trial

(SPORT). The authors from this study recently published follow-up

rates of 55% in the randomized group and 52% in the observational

group at 8 years.43 This illustrates that following even a healthy

cohort of spine patients over the long-term can be very challenging.

Conclusion

The knowledge that returning home is likely following reha-

bilitation after tSCI, and that health and quality-of-life outcomes

will be similar regardless of place of residence, is positive infor-

mation for individuals after a life-changing injury. Future efforts

should ensure individuals with tSCI are screened for mental health

problems such as depression and anxiety throughout the care

continuum for early detection, and are treated and followed up in

the community.
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