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Research Article

Development of Cardiometabolic Health
indicators to advance the quality of spinal cord
injury rehabilitation: SCI-High Project
Matheus J. Wiest 1, Christopher West 2,3, David Ditor 4, Julio C. Furlan 1,5,6,
Masae Miyatani 1, Farnoosh Farahani 1, S. Mohammad Alavinia 1,5,
Paul I. Oh 7, Mark T. Bayley 1,5,6, B. Catharine Craven 1,5,6

1KITE, Toronto Rehab – University Health Network, Toronto, Ontario, Canada, 2Cell & Physiological Sciences,
Southern Medical Program, University of British Columbia, Kelowna, British Columbia, Canada, 3ICORD, Faculty of
Medicine, University of British Columbia, Vancouver, British Columbia, Canada, 4Faculty of Applied Health
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Context: Spinal cord injury or disease (SCI/D) leads to unchanged low-density lipoprotein and cholesterol, very
low high-density lipoprotein a form of dyslipidemia and physical inactivity which combine to increase risk of
morbidity and mortality from cardiometabolic disease. Herein, we describe the selection of structure, process
and outcome indicators for adults in the first 18 months post-SCI/D rehabilitation admission.
Methods: A Pan-Canadian Cardiometabolic Health Working Group was formed to develop a construct definition.
Cardiometabolic risk factors were summarized in a Driver diagram. Release of the Paralyzed Veterans of
America “Identification and Management of Cardiometabolic Risk after Spinal Cord Injury” and the International
Scientific Exercise Guidelines: “Evidence-based scientific exercise guidelines for adults with spinal cord injury”,
informed the group’s focus on prevention strategies to advance this Domain of rehabilitation admission.
Results: The structure indicator identifies during rehabilitation the presence of appropriate time and resources
for physical exercise prescription. Process indicators are lipid profile assessment at rehabilitation admission and
documented exercise prescriptions prior to discharge. The outcome indicators track patient’s knowledge
retention regarding exercise prescription at discharge, current exercise adherence and lipid status 18
months after rehabilitation discharge.
Conclusion: Routine national implementation of these indicators at the specified time points will enhance efforts
to detect dyslipidemia and assure routine participation in endurance exercise. These indicators align with
international initiatives to improve cardiometabolic health through interventions targeting modifiable risk
factors specifically endurance exercising and optimal lipid profiles, crucial to augmenting cardiometabolic
health after SCI/D.

Keywords: Spinal cord injuries, Healthcare quality indicator, Physical activity, Metabolic syndrome, Cardiac rehabilitation

Introduction
Spinal cord injury or disease (SCI/D) results in complex
changes in a person’s physical health including their
motor, sensory and autonomic functions, and their func-
tional independence. The vast majority of these changes
may be attributed to disruption of descending neural
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pathways that regulate the individual’s cardiorespiratory
function, digestion, voiding, sex organs and thermoregu-
lation.1 During the chronic stage of SCI, cardiometabolic
and cardiovascular disease risk factors become more
prevalent. In this context, cardiometabolic disease refers
to a clustering of interrelated risk factors that promote
the development of atherosclerotic vascular disease and
Type 2 diabetes mellitus.2 The disease is comprised of
maladaptive cardiovascular, renal, metabolic, pro-throm-
botic and inflammatory pathologies, and has four com-
ponent risks: obesity, insulin resistance, hypertension
and dyslipidemia (characterized as low high-density lipo-
protein cholesterol and elevated triglycerides).
Cardiovascular disease refers conditions that involve nar-
rowed or blocked blood vessels that result in myocardial
ischemia and infarction, angina or stroke,2 and is one of
the leading causes of death in the chronic SCI population,
contributing to approximately 46% of all deaths.3 It is
estimated that 30–50% of people living with a chronic
SCI have cardiovascular disease.2 Frequent reports of
silent ischemia and sudden cardiac death after SCI/D4,5

highlight the need for interventions to reduce cardiometa-
bolic disease precursors.
Prevalent risk factors for the accelerated development

of cardiometabolic disease after SCI include: physical
inactivity, low high-density lipoprotein, type II diabetes,
hypertension, visceral adiposity, and elevated pro-
atherogenic inflammation.6–9 Thus, prevention strat-
egies to mitigate cardiometabolic disease risk prior to
disease expression should be a fundamental tenant of
SCI/D rehabilitation. Although implementing appro-
priate interventions is a logical priority, little is known
about how well the national SCI/D rehabilitation care
system is performing in this regard. Currently, the
National Rehabilitation Reporting System is limited to
demographic and impairment descriptors, rehabilitation
length of stay and changes in Functional Independence
Measure scores from rehabilitation admission to dis-
charge. Quality of care indicators are widely used to
identify trends, inform priority setting and policy for-
mulation, and monitor rehabilitation programs and
care processes. Indicator data can further inform com-
parisons across different health care settings and
ensure continuous quality improvement (i.e. bench-
marking).10,11 Indicators can measure the structure,
process or outcome of health care services and their
evaluation can facilitate the sustainability of a high-
quality health care delivery system that is based on evi-
dence-informed programs and services.12 National data
describing care (i.e. indicator data) are a much-needed
system barometer to enable future equitable and
optimal care for persons living with SCI/D in Canada.

The type and severity of cardiometabolic dysfunc-
tion after SCI/D are specific to the individual’s impair-
ment and the extent of the associated compromise of
the sympathetic and parasympathetic nervous
systems. Generally speaking, the higher the neurologi-
cal level (i.e. motor and sensory level) the more
severe the dysfunction. It is, however, important to
note that the neurological level of injury does not
always equate to the autonomic level of injury,13 as
the descending pathways controlling these respective
functions travel in anatomically distinct areas of the
spinal cord. Therefore, individuals that have the
highest neurological level (i.e. tetraplegia) and most
complete autonomic injury exhibit the most severe
hypotension (i.e. lower baseline arterial blood
pressure), and autonomic dysreflexia (a sudden
increase in systolic blood pressure 30 mmHg above
baseline in response to noxious stimuli below the
level of injury14,15). Concurrent poor diet and physical
inactivity16 result in a 79% prevalence of dyslipidemia
within the first year post-injury (e.g. reduced levels of
high-density lipoprotein cholesterol17,18 and elevated
levels of low-density lipoprotein cholesterol19).
Exercise is the primary rehabilitation intervention to

reduce cardiometabolic disease incidence in the SCI/D
population. Voluntary upper limb active aerobic exer-
cise interventions are used with the aim of improving
cardiometabolic fitness, glucose metabolism, and lipid
profiles after SCI/D. The effectiveness of exercise may
be limited by the level and severity of injury and adher-
ence to SCI-specific physical activity guidelines. The
2018 International Scientific Exercise Guidelines:
“Evidence-based scientific exercise guidelines for
adults with spinal cord injury”, developed by Martin
Ginis et al.20 states that “at least 20 minutes of moderate
to vigorous intensity aerobic exercise two times per week
AND three sets of strength exercises for each major func-
tioning muscle group, at a moderate to vigorous intensity,
two times per week” are necessary to improve cardiore-
spiratory fitness and muscle strength. Cardiometabolic
health benefits are achieved through “at least 30
minutes of moderate to vigorous intensity aerobic exercise
three times per week”,20 a volume of exercise which is
lower than the recommendations from the Consortium
for Spinal Cord Medicine Clinical Practice
Guidelines21,22 and the Exercise and Sports Science
Australia23 guidelines: 150 min per week, up to five
days per week. Although cardiometabolic risk profiles
are well documented after SCI/D, routine processes to
detect and mitigate cardiometabolic risk during SCI/
D rehabilitation and then in the transition to commu-
nity living are urgently required.
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The SCI Rehabilitation Care High Performance
Indicators or “SCI-High Project” is a bold endeavor to
develop/select, implement and evaluate consensus
derived quality of care indicators for select Domains
of rehabilitation prioritized by clinicians, researchers
and individuals living with chronic SCI/D by 2020.
The SCI-High indicators are measures intended to
inform how well a health system is performing in
terms of structures and processes of care and provide
insight into the associated patient outcomes. This
report describes the processes involved in the selection,
development and implementation of structure, process
and outcome indicators related to the Cardiometabolic
Health Domain from rehabilitation admission to 18
months thereafter. These processes are part of a
common methodology,24 used to derive indicators for
11 prioritized Domains of SCI/D rehabilitation25

within the SCI-High Project.

Methods
A detailed description of the overall SCI-High Project
methods and process for identifying Cardiometabolic
Health as a priority Domain for SCI/D rehabilitation
care are described in related manuscripts in this
issue,24,25 respectively. In addition to the SCI-High
Project team (www.sci-high.ca), an External Advisory
Committee, and National Data Strategy Committee
supported the global project goals and provided over-
sight regarding the context for implementing all of the
planned indicators.
The approach to developing the Cardiometabolic

Health indicators followed a modified but similar
approach to that described by Mainz et al.10 which
included the following planning and development
phases: (a) formation and organization of the national
and local Working Groups;24 (b) defining and refining
the key Domain-specific construct; (c) providing an
overview of existing evidence and practice to develop
and interpret a Driver diagram; (d) selecting indicators;
and (e) pilot testing and refinement of the Domain-
specific structure, process and outcome indicators.
Throughout these processes, a facilitated discussion
occurred amongst the Cardiometabolic Health
Working Group and the SCI-High Project team to
utilize relevant expertise on the topic, while assuring
the broader alignment of goals across the other 10
Domain Working Groups (as appropriate).

Cardiometabolic Health Working Group
Experts in cardiometabolic health were invited to par-
ticipate in the SCI-High Project as members of the
Domain-specific Working Group based on their lived

experience, practical or empirical knowledge of: rehabi-
litation, cardiovascular health, and/or health service
delivery. The group was composed of a cardiac rehabili-
tation specialist, kinesiologists, a neurologist, a physical
therapist, a community educator, physiatrists and a sta-
keholder routinely engaged in physical exercise activi-
ties. The Working Group met six times via conference
call over two months, totaling eight hours of discussions
when developing the indicators and for an additional
three hours thereafter, to refine the indicators and
discuss report preparation. Additionally, outside of the
formal meetings, individual members of the working
group completed their own independent review of the
prepared materials, or shared resources and practice
standards, with one another, or conducted independent
evaluations of the proposed indicators.

Driver diagram and construct definition
The selection of Cardiometabolic Health as a Domain
of interest for developing indicators emerged from the
environmental scan (E-Scan) consensus-building
activity designed to select the broader set of
Domains.26 This process involved a systematic search
to collect information about SCI/D rehabilitation care
related to Cardiometabolic Health and factors that
influence the outcome of rehabilitation interventions
and a scoping synthesis of the acquired data. Medline
and Embase databases were searched using the terms
“cardiometabolic health”, “spinal cord injury”, or
both. Non-English manuscripts and inappropriate
study designs were excluded. This information was
used to create a preliminary Driver diagram to illustrate
known drivers or factors that impact cardiometabolic
health among individuals with SCI/D (Figure 1). A
Driver diagram is a visual display of a high-level
quality improvement goal, and a set of underpinning
factors. The tool helped to visually organize change con-
cepts as the Working Group discerned “what changes
can we make, that will result in goal attainment”. The
branches in red within the final Driver diagram rep-
resent the main areas that were the focus for develop-
ment of the indicators based on experts’ opinions. The
impairment branch of the Driver diagram was
common to all 11 Domains (Figure 1).
Following review of the literature and available guide-

lines, discussion and refinement of the Driver diagram,
the group agreed that endocrine-metabolic disorders
(i.e. lipid profile) and physical inactivity were the two
main drivers most likely to advance SCI/D rehabilita-
tion care in the near term (project context). This
decision also aligned with cardiometabolic disease sur-
veillance and treatment guidelines following SCI/D,
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which emphasizes preventive care for individuals who
are overweight/obese, or who have serologic evidence
of insulin resistance or dyslipidemia and hypertension,
and or physical deconditioning on clinical examin-
ation.22 Based on this discussion, the following con-
struct definition was created:

“The cardiovascular system is responsible for the
transport of oxygen-rich blood and energy supply
throughout the body and is controlled on a beat-
by-beat basis by the autonomic nervous system.
After SCI/D, disruption of autonomic control,
changes in metabolic profile, and inactivity
combine to alter the functioning of the cardiovas-
cular system at rest, and especially during exercise.
Optimal cardiovascular health can be maintained
or achieved through establishing appropriate
health behaviors (i.e. physical activity and diet)
and health interventions (i.e. treated total choles-
terol and blood glucose levels) to mitigate dysauto-
nomia, cardiometabolic risk and reduce
cardiovascular morbidity and mortality.”

Based on this construct definition, the aim of the
Working Group was to promote cardiometabolic health
after SCI/Dby initiating prevention strategies tomitigate
cardiovascular disease risk through implementation of
SCI/D-specific aerobic exercise and dyslipidemia rec-
ommendations. The most recent exercise guidelines
include recommendations for endurance exercise and

strength training. During rehabilitation, individuals
with SCI/D are introduced to multiple forms of exercise
– exercise for neurorecovery, exercise to increase strength
and muscular endurance, and exercise for cardiovascular
endurancewhere exercise is defined as structured physical
activity which is goal-oriented and intended to accrue
specific health benefits.27 Current scientific evidence
favors the cardiometabolic benefits of aerobic exercise
over strength training.28 The Cardiometabolic Health
Working Group surmised that a greater proportion of
exercise intervention in subacute rehabilitation is directed
toward exercise for increasing strength and neurorecov-
ery, than aerobic endurance exercise with considerable
variability across sites. The amalgamation of scientific
evidence and Working Group members experiences
drove the focus of the Domain towards
Cardiometabolic Health indicators related to aerobic
exercising. For the purpose of this report, the term “exer-
cise”will be used throughout the remainder of the manu-
script which refers to, “structured aerobic exercise”.
The Working Group also recognized that other potent

cardiometabolic risk factors such as detection and man-
agement of diabetes,29 hypertension and maintaining an
optimal waist circumference30 can play important roles
on promoting cardiometabolic health during SCI reha-
bilitation. However, the Working Group chose to
focus on physical exercise prescription and management
of lipid profiles over other risk factors such as diabetes/
hypertension recognition and management which are

Figure 1 Cardiometabolic Health Driver diagram. UEMS: upper-extremity motor score; LEMS: lower-extremity motor score; NLI:
neurological level of injury; AIS: ASIA Impairment Scale; HR: heart rate; BP: blood pressure; ABP: arterial blood pressure; FES:
functional electrical stimulation; LDL: low-density lipoprotein; HDL: highdensity lipoprotein; TG: triglycerides; TC: total cholesterol.
*Serum testosterone, growth hormone & renin-angiotensin-aldosterone system.
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well embedded in primary care, as the recommendations
for management do not differ for those with SCI/D
versus the general population. Whereas, there are impor-
tant nuances regarding management of dyslipidemia
and inactivity after SCI/D that are unique from the
general population.

Selection of indicators
The Cardiometabolic Health Working Group was
responsible for selecting and developing at least one
structure, one process and one outcome indicator
related to the Domain construct. The leaders stipulated
that the developed indicators must be relevant, concise
and feasible (10 minutes or less to implement), and
aligned in their aim across the structure, process and
outcome indicators in order to achieve a single substan-
tive advance in SCI/D rehabilitation care. The Working
Group was advised that they could use established
measurement tools or developing their own (i.e. ques-
tionnaires, data collection sheets, laboratory exams,
and medical record data), depending on the require-
ments and feasibility of a given indicator.

Indicator piloting
The described indicators are intended for patients with a
motor level below C6 [C6-T12 American Spinal Injury
Association (ASIA) Impairment Scale (AIS) A-D] recog-
nizing that these indicators may not address the needs of
those with higher motor levels.31 Patients with injuries
above C6 were excluded due to their complete or
partial inability to perform meaningful voluntary endur-
ance exercise that includes large muscle groups.
The feasibility of some of the indicators was tested

within an outpatient clinic setting at a tertiary SCI/D
rehabilitation hospital using rapid cycles of Plan-Do-
Study-Act.32 These short-term quality improvement
testing cycles allow for quick qualitative evaluations,
feedback and refinement of tools or processes related
to quality of care. Successive patients attending
routine follow-up appointments were approached by
a trained evaluator part of the Cardiometabolic
Health Working Group to complete the questionnaire.
Assistance was provided in physically completing the
paper and pen questionnaire if individuals could not
complete it themselves (i.e. individual had impaired
hand function). Feedback received from patients and
shared with the Working Group resulted in refinements
to the questionnaire and a new testing cycles. The main
focus of the Plan-Do-Study-Act cycles for the
Cardiometabolic Health Domain was to pilot the feasi-
bility of the questionnaires designed to collect indicator
data regarding physical activity education

(intermediary outcome indicator – inpatients; Table
1) and adherence (final outcome indicator – outpati-
ents; Table 2) relative to SCI/D-specific exercise guide-
lines. In addition, barriers to questionnaire
implementation were noted.

Results
Indicator description
The selection and refinement of structure, process and
outcome indicators related to Cardiometabolic Health
was based on the information summarized from the
Driver diagram depicted in Figure 1, and the construct
definition. Table 3 summarizes the numerator and
denominators, type of indicator and timing for measure-
ment of each indicator selected by the Cardiometabolic
Health Working Group. The group elected to add a
second process indicator, an intermediary outcome indi-
cator and a second final outcome indicator.
The assessment of the structure indicator will be

based on submission of the related care map or care
paradigm and a program self-evaluation of: “Does
your rehabilitation program provide SCI/D-specific
aerobic exercise prescription following the current guide-
lines proposed by Martin Ginis et al. 2018? Yes or No.”
Physical exercise intensity of moderate to vigorous

should follow the recommendations of the Physical
Activity Recall Assessment for People with Spinal
Cord Injury (PARA-SCI).33,34 Moderate intensity is
described as “Includes physical activities that require
some physical effort. You should feel like you are
working somewhat hard but you should feel like you can
keep going for a long time”. Vigorous intensity is
described as “Includes physical activities that require a
lot of physical effort. You should feel like you are
working really hard (almost at your maximum) and
can only do the activity for a short time before getting
tired. These activities can be exhausting”.

Indicator piloting
A trained evaluator conducted preliminary interviews
in an outpatient clinic setting at an SCI/D rehabilita-
tion hospital to evaluate and refine the indicator
related questionnaires. The pilot data on cardiometa-
bolic health related to physical exercise education and
adherence includes results from 31 individuals with
SCI/D that completed the questionnaire.
Questionnaires were completed within an average of
two minutes. Noted feasibility issues and challenges
experienced included: (1) the impact of cognitive and
motor deficits on the ability to self-administer the ques-
tionnaire; (2) inability to understand certain aspects of
the questionnaire (i.e. clarifications needed on the
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timeframe for the questions being asked); (3) inability
to recall if they were provided physical exercise edu-
cation (i.e. due to duration of post-injury); (4)

discrepancy between exercise education provided and
current physical activity (e.g. helping individuals to
understand that we were asking and what they were

Table 1 Intermediary outcome indicator assessment form for individuals living with SCI/D.

Table 2 Final outcome indicator questionnaire.
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doing, as opposed to what they had been taught to do);
(5) difficulties distinguishing aerobic exercise from
strength training; and (6) the questionnaire was not
applicable to the current physical ability status (e.g.
due to frequent secondary health conditions, other
comorbidities, age, and neurological level of injury)
nor their willingness to adhere to the guidelines.
During theWorking Group’s activities, routine testing

of lipid profiles was incorporated into routine admission
bloodwork at some centers. Thus, the investigative team
elected not to pilot this assessment at rehabilitation
admission. According to the Guidelines for
Identification and Management of Cardiometabolic
Risk after Spinal Cord Injury (or Paralyzed Veterans
of America Guideline),2 dyslipidemia can be identified
as total plasma triglycerides levels equal or above
150 mg/dL (1.7 mmol/L) and reduced high-density
lipoprotein [women: < 50 mg/dL (1.29 mmol/L);
men: < 40 mg/dL (1.03 mmol/L)]. We had concur-
rently anticipated questions from clinicians regarding
what to do once dyslipidemia is detected and planned
to create a decision support tool to assist clinicians
with the management of dyslipidemia at rehabilitation
admission or 18 months post-injury; however, during
our group deliberations an evidence-informed decision
support tool was published by Dr Nash and colleagues35

and the Working Group elected to use this to inform
provider practice behavior during indicator

implementation. The recognition and management of
dyslipidemia for individuals with SCI/D is unique
when compared to the general population. Given that
the group perceived value in endorsing a single care
paradigm for the SCI/D community, the Nash et al.35

paradigms for appropriate management of dyslipidemia
(yes or no – 18-month outcome indicator) was adopted
as the desired standard of care for interpretation of the
18-month outcome indicator.

Discussion
The structure, process and outcome indicators selected
and developed by the SCI-High Cardiometabolic
Health Working Group are intended to facilitate preven-
tion of cardiometabolic disease through routine: (1)
evaluation of lipid profiles at rehabilitation admission
and 18 months post-injury and (2) education, training
and subsequent adherence of individuals with SCI/D
to SCI/D-specific exercise guidelines.
Exercise interventions after SCI are associated with

improved arterial structure and function,36 glucose
homeostasis37 and lipid profiles.38 The quality of exercise
interventionsmay depend on the availability of infrastruc-
ture, time and the expertise of the people trained toprovide
exercise prescription for this population.39 The structure
indicator was designed to quantify the availability of
time and resourceswithin a rehabilitation center dedicated
to exercise prescription. The Cardiometabolic Health

Table 3 Selected structure, process and outcome indicators for the Cardiometabolic Health Domain.

Indicator Denominator Indicator Type
Time of

Measurement

Proportion of SCI/D rehabilitation programs with
a specified time and dedicated resource for
exercise prescription

Number of tertiary SCI/D rehabilitation
programs in Canada

Structure Annual

Proportion of SCI/D rehabilitation inpatients who
had their lipid profile ± 1 week of admission

Number of SCI/D admissions per fiscal
year

Process Rehabilitation
admission

Proportion of SCI/D rehabilitation inpatients who
had documented cardiometabolic exercise
prescription as part of their care plan within 2
weeks prior to rehabilitation discharge

Number of SCI/D admissions per fiscal
year with a C6 or below motor level

Process Prior to rehabilitation
discharge

Proportion of individuals with SCI/D who can
articulate the aerobic exercise component of the
cardiometabolic health guideline prior to
rehabilitation discharge (Score of 4/4 on the
intermediary outcome indicator assessment form
Table 1)

Number of SCI/D admissions per fiscal
year who scored 4/4 (mean and standard
deviation) with a C6 or below motor level

Outcome –

Intermediary
Prior to rehabilitation
discharge

Proportion of individuals with SCI/D with normal
lipid profile at 18 months post-rehabilitation
admission

Number of individuals with SCI/D
assessed in prior 18 months

Outcome –

Final
18 months post-
rehabilitation
admission

Proportion of individuals with SCI/D who are
adhering to current cardiometabolic exercise
guidelines at 18 months post rehabilitation
admission

Number of individuals with SCI/D
assessed in prior 18 months with a C6 or
below motor level

Outcome –

Final
18 months post-
rehabilitation
admission
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Working Group operated with the assumption that this
structure indicator is the initial building block required
to educate patients about how to exercise after the injury
and regarding the importance of physical exercise tomain-
tain or improve cardiovascular health.
It is well established that the SCI/D population has

similar or higher cardiometabolic risk as non-injured
populations. However, dyslipidemia resulting from
physical deconditioning, sarcopenia, lower resting meta-
bolic rate and poor diet play an important role in the
increased cardiometabolic risk after SCI/D [see Nash
et al.40 for review]. The first process and the first final
outcome indicators were selected to screen the lipid
profile of inpatients at rehabilitation discharge and 18
months following admission, respectively. These will
contribute to understanding the lipid profiles of individ-
uals with SCI/D prior to and following receipt of edu-
cational and interventional strategies aiming to
promote an active lifestyle. In the event that abnormal
lipid values are noted at the time of collection of the
intermediary and final lipid profile outcomes, the
therapy intervention thresholds proposed by Baumann
et al.41 and the specific interventions proposed by
Nash et al.35 are the current recommendations from
the Cardiometabolic Health guideline.
The recent publication of SCI-specific exercise guide-

lines for fitness and cardiometabolic health20 as well as
guidelines for improving cardioendocrine disease sur-
veillance22 were key documents to inform the Working
Group when selecting the Cardiometabolic Health indi-
cators. These guidelines provided evidence regarding of
intensity, volume and frequency of exercise for people
living with SCI; however, there are no mechanisms cur-
rently in place to measure aerobic exercise prescription,
knowledge retention, and adherence for inpatients and
outpatients. The indicators were intentionally designed
to address this gap. The second process indicator was
intended to measure the efficacy of educational interven-
tions regarding exercise prescription aligned with
current SCI/D exercise guidelines.
The first outcome indicator was developed to identify

if inpatients can learn and retain the minimal frequency,
intensity, and type of exercise required to maintain or
improve cardiometabolic health. The second final
outcome indicator focuses on measuring an outpatient’s
adherence to the SCI/D exercise guidelines for aerobic
exercise once they are living in the community.
Although physical exercise is fundamental to reduce car-
diometabolic disease risk in the SCI/D population, it is
important to recognize that the proposed indicators will
not capture data from individuals with all levels of
impairment due to SCI/D.

In the last decade, the length of stay in inpatient rehabi-
litation has been declining.42 Thus, individuals with SCI/
Dare entering the communityhavinghad less time to learn
and establish positive health behaviors prior to discharge.
Further, in the first year post-injury, more than 50% of
individuals discharged with an SCI require re-hospitaliz-
ation for a secondary health condition such as a urinary
tract infection or tissue injury.43 These events often
disrupt established health behaviors to address urgent
health issues. To further challenge the individual’s ability
to sustain a focus on secondary health prevention,
primary care providers and community settings are not
well-equipped to support individuals with SCI/D and
their impairment-related specialized needs.44,45

Condition-specific self-management skills defined by
Barlow et al.46 as “the ability to manage the symptoms,
treatment, physical and psychosocial consequences and life-
style changes inherent in living with a chronic condition” are
essential to ensuring longevity and prevention of cardio-
metabolic disease after SCI/D. The enclosed indicators
reflect both the provider and patient perspectives on the
effectiveness of prevention strategies. The
Cardiometabolic Health indicators are currently being
implemented in the provinces of Ontario and Quebec to
investigate the overall feasibility of in-hospital and com-
munity-based data collection and challenges associated
with culture and language (English vs. French).
There are some potential limitations of the

Cardiometabolic Health indicators, such as glucose
control, questionnaire terminology, physical exercise
recall, knowledge retention regarding appropriate phys-
ical exercise, and patient level of injury. The indicators
are focused on tracing lipid profiles during rehabilitation
and in the community, excluding other important
markers related to glucose metabolism. The choice for
lipid profiles relates to the fact that treatment of diabetes
in SCI/D is not different from normal population and
there are well established Canadian treatment guide-
lines. Complex questionnaire terminology may reduce
completion rates in patients with reduced cognitive
ability or English fluency. Self-reported physical activity
is problematic in the SCI population and the proposed
final outcome indicator will not be immune to this limit-
ation.47,48 Although physical exercise recall can be pro-
blematic, it was shown to be feasible when using recall
periods of 7 days49 or less.50 Knowledge retention
regarding the guidelines for physical exercise in the
SCI population were noted as potentially problematic
during the Plan-Do-Study-Act cycles. However, most
patients that participated in the piloting were outpati-
ents with varying duration of injury post-rehabilitation
discharge. We anticipate that knowledge retention
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rates will be higher prior to rehabilitation discharge, up
to 18 months post-discharge. Lastly, individuals with
motor compete lesions above C6 will be excluded from
the indicator data collection cohort, limiting the gener-
alizability of our results.

Conclusions
Successful implementation of the indicators will charac-
terize the cardiometabolic health status of individuals
with SCI/D during the first 18 months following rehabi-
litation admission. These indicators will: (1) inform the
availability of resources (i.e. infrastructure, staff and
educational tools) related to exercise prescription; (2)
identify the adherence to SCI/D-specific physical exer-
cise guidelines dedicated to improve cardiometabolic
health; and (3) screen patients regarding their lipid
profile post-injury and in response to physical exercise
routines. The implementation of these structure,
process and outcome indicators is a first step towards
providing equitable and optimal care related to the
Cardiometabolic Health Domain after SCI/D.
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