
Spinal Cord (2021) 59:63–73
https://doi.org/10.1038/s41393-020-0523-6

ARTICLE

SCI & Exercise

A tele-health intervention to increase physical fitness in people with
spinal cord injury and cardiometabolic disease or risk factors: a pilot
randomized controlled trial

Charles H. Bombardier 1
● Joshua R. Dyer2 ● Patricia Burns3 ● Deborah A. Crane1 ● Melissa M. Takahashi4 ●

Jason Barber5 ● Mark S. Nash 6

Received: 31 January 2020 / Revised: 3 July 2020 / Accepted: 7 July 2020 / Published online: 21 July 2020
© The Author(s), under exclusive licence to International Spinal Cord Society 2020

Abstract
Study design Clinical trial.
Objectives We used a single-blind parallel-group design to test the feasibility and preliminary efficacy of a telehealth-based
physical activity counseling intervention to increase physical fitness in people with SCI.
Setting Seattle, Washington, United States.
Methods We recruited under-active, manual wheelchair-using adults at least 1-year post-SCI who had at least two cardi-
ometabolic risk factors/diseases. Participants underwent baseline tests of peak cardiorespiratory fitness; lipids, glucose and
insulin; muscle and fat mass; self-reported physical activity, depression, pain and other factors. Participants were assigned
1:1 to treatment vs. usual care (UC) control conditions via concealed computerized randomization. Treatment was delivered
via telephone and adapted from the 16-session Diabetes Prevention Program. All baseline tests were repeated at 6 months.
Prespecified feasibility goals were to recruit at least nine participants/quarter and retain 85% with complete fitness testing at
6 months. Prespecified efficacy goals were to demonstrate at least a medium treatment effect size (0.50) on fitness, self-
reported physical activity, and other outcomes.
Results Seven participants were randomized to treatment, 8 to UC over 15 months. Maximum recruitment was only 5.4
participants/quarter. Thirteen (87%) of participants were retained. The effects of treatment on fitness and most cardiome-
tabolic risk factors did not meet expectations, whereas the effects on self-reported physical activity, depression, and pain did
meet expectations.
Conclusions The study did not meet key efficacy and feasibility objectives, yet there were some promising effects on self-
report measures and lessons to be learned for designing future trials.

Introduction

Physical inactivity is a major problem facing people with
SCI [1]. Approximately 50% of people with an SCI engage
in no leisure-time physical activity such as sports, wheeling,
or walking for pleasure, or therapeutic exercise [1]. SCI-
related physical inactivity is influenced by injury level and
severity, but also by mutable factors such as deconditioning,
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fatigue, reversible weakness, environmental barriers, and
behavior patterns [2]. In people with physical disabilities,
inactivity leads to a downward spiral involving loss of
muscle mass, decreased resting energy expenditure,
decreased total energy expenditure, and obesity [3]. Physi-
cal inactivity is linked with increased risks for cardiovas-
cular disease, dyslipidemia, type-2 diabetes, insulin
resistance, impaired cardiovascular structure and function,
autonomic nervous system dysfunction [4], depression [5],
pain, fatigue [6], and a poorer quality of life in persons with
SCI [5]. One-quarter of healthy young persons with SCI do
not have sufficient fitness to perform many essential activ-
ities of daily living, and people with paraplegia are barely
more fit than persons with tetraplegia [7, 8].

Fortunately, clinic and laboratory-based aerobic con-
ditioning and circuit training studies provide compelling
evidence that people with SCI can improve their cardior-
espiratory fitness and by doing so can partially reverse car-
diovascular disease risk factors, enhance quality of life and
improve elements of subjective well-being. The general
paradigm is that structured exercise increases cardior-
espiratory fitness (typically measured by changes in peak
oxygen consumption--V̇O2 peak). A systematic review of
189 studies of people with chronic SCI show that 20–44min
of moderate-to-vigorous upper body aerobic exercise 2–5
times per week increases cardiorespiratory fitness, strength,
body composition, and cardiovascular risk [9]. Increased
fitness has a beneficial effect on atherogenic lipid profiles,
elevated body fat and a cluster of other cardiometabolic risk
factors such as glucose tolerance, insulin resistance, and
hypertension [2]. Exercise training reduces low-density
lipoprotein cholesterol (LDL), raises (good) high-density
lipoprotein cholesterol (HDL) and can reverse the total
cholesterol (TC):HDL ratio to near normal [10]. Exercise
improves insulin sensitivity [11] as well as depression [12],
pain [13], and quality of life [2, 5, 12, 14, 15].

Despite the apparent benefits of structured exercise,
most people with SCI lack access to clinic-based con-
ditioning programs [16]. At the time the study was con-
ducted, no community-based physical activity intervention
had demonstrated significant improvement in cardior-
espiratory fitness. One relevant study may have been
limited by not using an evidence-based counseling
approach or experienced behavioral therapists [17]. Two
randomized controlled trials of community-based physical
activity promotion demonstrated increased self-reported
physical activity, but lacked objective measures of fitness
[18, 19].

This single-blind, parallel-group randomized controlled
trial tested the feasibility and preliminary efficacy of a 6-
month telehealth program to improve cardiorespiratory fit-
ness via increased community-based moderate-to-vigorous
physical activity (MVPA). The intervention was adapted

from the evidence-based physical activity modules of the
highly successful Diabetes Prevention Program (DPP), and
was delivered by a psychologist via individual telephone
counseling sessions [20]. Based on published advice
regarding the conduct of pilot research [21, 22], our primary
goals were to determine whether the study meets pre-
determined feasibility objectives. Our secondary goals were
to estimate the effect size of the intervention on outcome
measures.

Therefore, this pilot feasibility study had the following
pre-specified objectives: (1) Enrollment of at least nine
participants per quarter. This rate of enrollment is our
benchmark for feasibility because it would yield 126 sub-
jects in a 5-year grant, assuming an enrollment period of 3.5
years and 85% retention. This sample size would be suffi-
cient to detect a moderate (0.5) effect size (80% power;
alpha level p < 0.05, one-tailed) [23]; (2) at least 85% of
randomized participants would be retained to reduce risk of
bias [24]; (3) the psychologist would complete at least 80%
of planned calls; (4) <10% of participants would report that
they experienced injuries or other adverse events that they
attribute to study-related procedures and there will be no
serious adverse events; (5) among completers 95% of data
would be complete; and (6) the effect size (Cohen’s d) of
the intervention compared to usual medical care (UC)
controls on cardiorespiratory fitness (primary outcome) as
measured by V̇O2 peak from baseline to 6 months would be
at least 0.50 to justify a single-site study and 0.30 to justify
a multi-site trial (n= 278 subjects would be needed for a
full trial assuming effect size= 0.30, power= 0.80, two-
tailed test at p < 0.05). Lastly, without controlling for mul-
tiple comparisons we explored the effect of the intervention
on multiple secondary outcomes such as cardiometabolic
risk factors, MVPA, depression, pain, and quality of life and
highlighted effect sizes of at least 0.50 (medium effect) in
the expected direction.

Methods

Participants

The study was advertised via SCI newsletter subscribers
(n= 2100), SCI outpatient clinic (n= 371 unique patients
per year), research participant registry (n= 1635), and our
website (>20,000 visits per month). People were invited to
take part in 16-session telehealth program to increase phy-
sical activity. Inclusion criteria were: ages 18–70, at least 1
year post SCI, American Spinal Injury Association
Impairment Scale A SCI at the C6 or below or incomplete
injury at any level, uses a manual wheelchair for at least
50% of the time, engages in less than 150 min per week of
MVPA [25], has at least two cardiometabolic risk factors
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(Body Mass Index greater than 21 kg/m2, fasting HDL
cholesterol less than or equal to 40 mg/dL, fasting trigly-
cerides greater than or equal to 150 mg/dL, fasting glucose
greater than or equal to 100 mg/dL, and blood pressure
greater than 119/79 mmHg). All participants had a physi-
cian approval to exercise.

Initially, we excluded people diagnosed and treated for
diabetes, hyperlipidemia, or hypertension. After enrollment
began, these criteria were found to be overly restrictive and
eliminated. Other exclusion criteria were: BMI greater than
39, medically diagnosed ischemic heart disease; unstable
angina, dysrhythmia or unstable autonomic dysreflexia;
recent osteoporotic fracture, tracheostomy, already engaged
in a structured diet or exercise program within 6 months,
current pressure injury, current substance dependence,
psychosis, severe chronic upper extremity pain, surgery
pending within 6 months, recurrent infection or illness
requiring hospitalization, or participation in another
intervention study.

Procedures

The research study protocol was approved by the institu-
tional review board at the University of Washington. This
trial was registered on Clinicaltrials.gov (NCT02225028)
prior to study enrollment. A trained research coordinator
(MT) was in charge of recruitment, enrollment and assess-
ments. She led prospective participants through a multi-step
enrollment process including preliminary (self-report) elig-
ibility screening, written informed consent and release of
medical information, medical chart review, physician
approval to exercise, and baseline examination.

The research coordinator oversaw the baseline assess-
ment process which was conducted at the University of
Washington Medical Center’s Clinical Research Center
(CRC) and consisted of blood work, dual energy x-ray
absorptiometry scan (DXA) scan, self-report measures, and
peak fitness test. The baseline assessments were conducted
in the morning due to fasting requirements. Participants
were asked to abstain from caffeine and alcohol for 24 h
before testing and from exercise for 48 h. The CRC nursing
staff measured blood pressure, weighed the participant,
drew blood for the lipid panel, blood glucose and insulin
tests, and performed the DXA scan. Next, the research
coordinator collected self-report data. Participants were
given a light snack and a drink and then underwent cardi-
orespiratory fitness testing performed by the CRC exercise
physiologist.

Immediately following the baseline assessment, the study
biostatistician randomized participants 1:1 into treatment
(6 months of physical activity counseling) vs. UC. Rando-
mization was computer-generated, stratified by level of

injury (paraplegia vs. tetraplegia), and concealed by using a
permuted block randomization (blocks of 2 or 3). The
biostatistician emailed group assignment to the psychologist
(JD), while the research coordinator and CRC staff were
kept blinded. The psychologist (JD) contacted treatment
group members within one week of randomization to set-up
physical activity counseling sessions. Those assigned to
usual care were informed of their allocation via letter. After
the 6-month treatment phase, participants returned to the
medical center to repeat all the assessments conducted at
baseline.

Treatment and control groups

Physical activity intervention

The treatment group received a multi-component interven-
tion consisting of a free home exercise tool-kit and a 16-
session physical activity counseling curriculum delivered by
the psychologist via telephone calls. We mailed participants
a free home exercise tool-kit that included a set of exercise
bands with soft grips, ankle strap and door anchor (Black
Mountain Products) as well as a DVD that provided verbal
instructions and videos in which people with SCI demon-
strated stretching, aerobic exercise, and strength training
routines designed specifically for people with paraplegia or
tetraplegia [26]. The treatment group received up to 16
physical activity telephone counseling sessions spread over
24 weeks. The content of the counseling sessions was based
on the community-based physical activity component of the
widely-replicated Diabetes Prevention Program (DPP) [20].
The exercise physiologist (PB) and psychologist (JD)
adapted the DPP program for persons with SCI. (See Sup-
plementary Appendix 1 for description of adapted coun-
seling sessions.) The psychologist met with participants at
mutually convenient times and used motivational inter-
viewing techniques [27] as well as SMART (specific,
measurable, attainable, realistic, and timely) [28] goals
setting to promote adherence to the physical activity pro-
gram. The ultimate goal of the overall program was to have
the participant achieve at least 150 min of MVPA per week
(or higher if their baseline was already near 150 min) [25].
Participants could exercise in their home or at community
facilities, if available.

Usual care

This group received a letter informing them of their test
results and randomization status. They were advised to seek
medical care to make lifestyle changes such as diet and
exercise to address their cardiometabolic disease or risk
factors.
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Outcome measures

Cardiorespiratory fitness

The primary outcome was cardiorespiratory fitness defined
as peak oxygen consumption (V̇O2 peak). We used open-
circuit spirometry during a continuous graded exercise test
at 60 RPM on a Monark Rehab Trainer Model 881-E arm
crank ergometer to measure V̇O2 peak. The test was con-
ducted by an exercise physiologist and monitored by a
cardiologist for safety, using 12-lead EKG. Testing began at
a workload of 10 Watts (W) for persons with tetraplegia or
20W for those with paraplegia and was increased by 10 or
20W, respectively every 3 min until volitional exhaustion
was reached. In accordance with the American College of
Sports Medicine Guidelines for Exercise Testing and
Training, 7th Edition [29], peak work was defined as
volitional exhaustion, inability to maintain targeted work-
load, or the point at which increasing workload failed to
further increase V̇O2.

Cardiometabolic risk factors

We calculated BMI via height and weight and measured
waist circumference. We used DXA (GE Lunar Prodigy) to
measure grams of lean and fat body mass. Insulin sensitivity
index (ISI) was measured during an oral glucose tolerance
test and calculated as: 1002/[(FPG x FPI)x (GMEAN x
IMEAN)], where FPG= fasting plasma glucose, FPI=
fasting plasma insulin, and GMEAN and IMEAN reflect the
2-hour (75 g) OGTT averages for glucose and insulin,
respectively. From a standard lipid panel, we calculated TC:
HDL and Low Density Lipoprotein:HDL ratios.

Patient-reported outcomes

These measures were obtained via structured interviews
conducted by the research coordinator. We used the Phy-
sical Activity Recall Assessment for SCI (PARA-SCI)
which is a reliable and valid measure of participant-
reported minutes per week of leisure time MVPA [30]. In
order to determine whether any weight loss or changes in
body composition were attributable to changes in diet, we
collected data from a 3-day food log to measure total
calories as well as grams of fat, carbohydrates, and protein
consumed. To assess whether the physical activity inter-
vention resulted in changes in pain, pain interference, or
shoulder pain specifically we administered the Brief Pain
Inventory intensity and interference scales [31] and the
Wheelchair User’s Shoulder Pain Index [32]. We used the
Patient Health Questionnaire-9 [33], the Medical Out-
comes Study Short Form-12 (SF-12) [34], and the World
Health Organization Quality of Life Scale (WHOQOL-

BREF) [35] to determine whether the intervention resulted
in changes in depressive symptoms or health-related
quality of life. Finally, we measured participant con-
fidence (1 not at all confident to 7 completely confident) in
their ability to schedule physical activity (4 items) and to
be active despite general barriers (6 items) and facility
barriers (6 items). These measures have played an impor-
tant role in prior theory-based research on physical activity
in SCI and have demonstrated reliability and validity
[18, 36].

Statistical methodology

Differences in patient and injury characteristics (Table 1)
were assessed for statistical imbalance between the two
treatment groups at baseline using Mann-Whitney tests
(continuous variables) and Fisher’s exact tests (categorical
variables). Treatment effects on outcome (Tables 2 and 3)

Table 1 Sample demographic and clinical characteristics.

Total Usual care Exercise p value

N 15 8 7

Age

Mean (SD) 52 (13) 49 (13) 56 (13) 0.232

Sex

Male 11 (73%) 6 (75%) 5 (71%) 1.000

Race

White 12 (80%) 5 (63%) 7 (100%) 0.323

Mixed 2 (13%) 2 (25%) 0 (0%)

Other 1 (7%) 1 (13%) 0 (0%)

Hispanic ethnicity

Yes 1 (7%) 1 (13%) 0 (0%) 1.00

Education years

Mean (SD) 15.1 (3.3) 14.4 (3.7) 15.9 (3.0) 0.336

Work status

Full-Time 2 (13%) 2 (25%) 0 (0%) 0.232

Part-Time 1 (7%) 1 (13%) 0 (0%)

Not working 12 (80%) 5 (63%) 7 (100%)

Years since injury

Mean (SD) 16 (13) 18 (16) 12 (8) 0.779

Injury level

Cervical, C1–5 1 (7%) 1 (13%) 0 (0%) 0.281

Cervical, C6–8 1 (7%) 1 (13%) 0 (0%)

Thoracic, T1–12 12 (80%) 6 (75%) 6 (86%)

Lumbar, L1–5 1 (7%) 0 (0%) 1 (14%)

Physical activity

Min/week of
MVPA (SD)

34.1 (48.9) 29.4 (52.8) 39.6 (47.6) 0.072

Range 0–145 0–90 0–145

MVPA moderate to vigorous physical activity as measured by the
Physical Activity Recall Assessment for people with SCI.
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were assessed using t-tests on the change score from
baseline to 6 months, with the two subjects who were not
followed for outcome excluded from the analysis. The
distributions of the change scores were assessed for nor-
mality using the Shapiro-Wilk test, with the four measures
failing this test noted. Unstandardized effect sizes were
reported as the difference in the mean change scores, and
standardized effect sizes were reported as Cohen’s d. All
statistical analyses used a two-sided alpha of 0.05 as the
significance threshold, and all primary analyses were
interpreted in the context of multiple comparisons per
Benjamini–Hochberg.

Results

We enrolled participants from November 2014 until January
of 2016. Enrollment was cut short by the unexpected
closing of the fitness testing lab. Fifteen persons, eleven
males (73%) and four females participated in the trial (see
Table 1). Eighty percent of the participants were White,
13% reported mixed racial background, and 7% reported
“Other” racial background. Two persons (7%) reported
being Hispanic. Mean age was 52 (±13) years old and
participants were on average 16 (±13) years post-SCI. Two
persons (13%) had cervical injuries and the remainder had

Table 2 Objective outcomes at baseline and 6 months, by group.

Outcome Measure N Control group Exercise group Tx Effect p valueb Cohen’s d

Baseline 6 months Baseline 6 months Diff.a Baseline 6 months Diff.a

Cardiorespiratory fitness test results

V̇O2 peak (mL/kg) 15 13 13.9c 12.7 −0.1 13.4c 13.8 0.0 0.1 0.920 0.06

Resting heart rate (BPM) 15 13 71.9 75.1 2.9 79.1 82.5 4.0 1.1 0.867 0.13

Maximum Exercise heart
rate (BPM)

15 13 151 157 12 147 119d −25 −37 0.284 −1.14

Maximum respiratory
exchange ratio

15 13 1.19 1.19 −0.02 1.15 1.22 0.01 0.03 0.810* 0.20

Maximum Rating of
Perceived Exertion

15 13 18.4 17.4 −0.9 17.1 16.7 −0.5 0.4 0.809 0.16

Total Exercise Time
(minutes)

15 13 11.6 11.4 0.3 10.2 10.4 −0.4 −0.7 0.590* −0.37

Power Output (W) 15 13 73.8 67.1 −2.9 68.6 73.3 0.0 2.9 0.660 0.30

Cardiometabolic risk factors

Weight (lbs) 15 13 194 197 2 201 206 −2 −3 0.607 −0.43

Body Mass Index 15 13 29.3 29.9 0.3 29.3 30.1 0.7 0.4 0.664 0.38

Waist (inches) 15 13 43.1 43.7 −0.3 43.0 42.7 −1.1 −0.8 0.715 −0.30

Systolic blood
pressure (mmHg)

15 13 116 125 9 125 125 3 −6 0.472 −0.50

Diastolic blood
pressure (mmHg)

15 13 74.5 77.7 2.6 79.6 79.0 2.0 −0.6 0.898 −0.08

Fasting HDL (mg/dl) 15 13 41.6 40.0 −0.1 39.4 37.8 0.8 1 0.777 0.20

Fasting LDL (mg/dl) 15 13 121 125 −2 119 110 −7 −5 0.790 −0.23

Fasting Triglycerides (mg/dl) 15 13 112 122 6 141 173 20 15 0.656* 0.36

HDL:LDL 15 13 0.37 0.33 0.00 0.34 0.34 0.00 −0.00 0.988 −0.01

Total Cholesterol:HDL 15 13 4.67 4.86 −0.07 5.01 5.19 −0.03 0.05 0.947 0.06

Total Triglyceride:HDL 15 13 2.95 3.25 0.09 4.06 5.87 1.34 1.25 0.513* 0.61

Insulin Sensitivity Index 14 13 5.89 6.64 0.93 4.28 5.05 −0.13 −1.07 0.402 −0.59

HOMA-Insulin Resistance 14 13 1.95 1.70 −0.33 4.03 4.19 0.41 0.74 0.437 0.71

DXA Fat Mass (g) 15 13 76.9 81.6 1.6 77.1 77.4 −0.1 −1.7 0.736 −0.30

DXA Lean Mass (g) 15 13 105 103 −1 111 116 −1 −0 0.957 −0.04

BPM beats per minute.
aMean difference based on all participants who had both a baseline and 6-month value for the specified measure.
bT-test significance (equal variances not assumed). *Starred p values failed the Shapiro-Wilk test for normality.
cBaseline means for V̇O2 peak after excluding the two cases without 6-month data are 12.9 (controls) and 13.8 (exercise group).
dTwo participants with HR= 0, these are missing values excluded from the calculation and not an indication of cardiac arrest.
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paraplegia. Eight persons were randomly assigned to usual
care and seven to the exercise condition. There were no
statistically significant imbalances between the two groups
on demographic or clinical variables or on any of the out-
come measures at baseline. Mean rating of perceived
exertion (RPE) during the baseline fitness test was sig-
nificantly higher in the UC (18.4 ± 2.3) vs. exercise condi-
tion (17.1 ± 1.2; p= 0.029; data not shown).

Feasibility and safety outcomes

We did not meet our primary feasibility benchmark, a
recruitment rate of at least 9 participants per quarter. We
recruited only 2.0 persons per quarter with our original
exclusion criteria and 5.4 persons per quarter after we
relaxed our eligibility criteria to include people with dia-
betes, hyperlipidemia, or hypertension. Of the 122 persons

Table 3 Participant reported outcomes at baseline and 6 months, by group.

Outcome measure N Control group Exercise group Tx Effect p valueb Cohen’s d

Baseline 6 months Baseline 6 months Diff.a Baseline 6 months Diff.a

Physical activity

PARA-SCI (min/week
of MVPA)

15 14 29.4 17.9 3.6 39.6 70.7 31.1 27.6 0.472 0.62

Depression severity

Patient Health Questionnaire-
9 (PHQ-9; 0–27)

15 14 4.75 6.57 1.71 7.14 5.29 −1.86 −3.57 0.177 −0.84

Probable major depression
(PHQ-9 ≥ 11)

15 14 0% 29% 29% 29% 0% −29% −57% 0.049 −1.26

Pain

Average Pain
Intensity (0–10)

15 14 2.00 3.18 1.46 3.79 4.57 0.79 −0.68 0.262 −0.77

Average Pain
Interference (0–10)

15 14 1.38 3.06 1.69 2.76 2.59 −0.16 −1.86 0.266 −0.78

Wheelchair User’s Shoulder
Pain Index (0–150)

15 13 7.1 13.2 6.2 23.1 24.0 −0.15 −6.30 0.640 −0.31

Health related quality of life

Short Form-12 Physical 15 14 42.6 42.5 −0.9 38.9 41.7 2.8 3.7 0.745 0.19

Short Form-12 Mental 15 14 50.6 46.1 −3.6 49.8 50.4 0.6 4.1 0.523 0.38

WHO Quality of Life—
Physical (t-score)

15 14 54.0 59.0 6.3 55.6 52.7 −2.9 −9.1 0.302 −0.69

WHO Quality of Life—
Psychological (t-score)

15 14 60.1 66.1 5.4 65.3 64.3 −1.0 −6.4 0.241 −0.72

WHO Quality of Life—
Social (t-score)

15 14 61.8 71.3 10.6 64.1 69.6 5.4 −5.1 0.674c −0.25

WHO Quality of Life—
Environment (t-score)

15 14 76.8 75.1 0.0 74.1 68.9 −5.3 −5.3 0.359 −0.76

Exercise self-efficacy

General Barriers (1–7) 15 14 4.04 3.74 −0.29 3.98 3.98 0.00 0.29 0.771 0.22

Facility Barriers (1–7) 15 14 4.63 5.00 0.64 5.48 4.07 −1.40 −2.05 0.047 −1.43

Schedule Barriers (1–7) 15 14 5.59 5.86 0.18 4.46 4.39 −0.07 −0.25 0.797 −0.18

Food log daily averages

Calories (kcal) 15 13 1417 1410 18 1717 1826 34 16 0.945 0.04

Fat (g) 15 13 54.0 90.8 35.9 67.4 80.3 13.0 −22.9 0.594c −0.44

Protein (g) 15 13 54.7 59.6 7.6 71.3 87.8 13.7 6.0 0.650 0.29

Carbohydrates (g) 15 13 167 180 12 203 188 −34 −45 0.156c −0.93

Effect sizes of ±0.5 or more in the expected direction are bolded.
aMean difference based on all participants who had both a baseline and 6-month value for the specified measure.
bT-test significance (equal variances not assumed).
cp values failed the Shapiro-Wilk test for normality. PARA-SCI Physical Activity Recall Assessment for people with SCI.
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referred or self-referred to the study, nearly 38% did not
return our screening calls. Approximately 12% of the total
referred were enrolled and randomized (see Fig. 1).

We exceeded our goal of retaining at least 85% of
randomized participants. Fourteen of 15 participants
(93%) completed at least one 6-month measure and 13
(87%) completed the primary outcome, the 6-month car-
diorespiratory fitness exam. The psychologist completed
on average 10 out of the planned 16 counseling sessions
per participant (62.5%; range 3–16) vs. our goal of 80%.
Information on participant level-counseling is presented
in Supplementary Appendix 2. There was one adverse
event attributable to the study and no serious adverse
events. The adverse event involved the arm of the DXA
scanner striking a participant’s knee as it was returning to
the start position. Physician examination detected no
injury. Among the 14 who finished the study, 95% of all
data was complete. Thirteen participants completed 100%
of all measures. One participant completed 34% of the
measures.

Preliminary efficacy outcomes

The effect size for the primary efficacy outcome, cardior-
espiratory fitness as measured by V̇O2 peak, was very small
(0.06; see Table 1) and nonsignificant. According to our
pre-specified study aims, an effect size below 0.30 indicates
that the intervention is not potentially effective as a means
of improving fitness and needs to be redesigned.

Among the secondary cardiorespiratory and cardiome-
tabolic measures, only the effect of the intervention on
systolic blood pressure met the medium effect size threshold
of 0.50 in the expected direction (see Table 2). In general,
the physical activity intervention had no clear pattern of
effects on these variables.

Among the participant self-reported outcomes, the inter-
vention had a medium or larger effect on six variables (see
Table 3). There was a medium effect of the intervention in
the expected direction on self-reported minutes per week of
MVPA relative to the UC group. The intervention group
reported a large drop in depression severity and likelihood of
meeting criteria for probable major depressive disorder,
relative to UC controls. Pain intensity increased in both
groups, but significantly less in the treatment group. Pain
interference declined in the intervention group, but increased
among UC. Finally, the intervention had an unexpected
negative effect in the area of facility barriers. The treatment
group reported significantly decreased confidence in their
abilities to use exercise equipment and access help at a
community fitness center relative to UC controls.

Discussion

The purpose of this pilot study was to determine whether
the tele-health intervention was feasible and had an effect
on cardiorespiratory fitness (V̇O2 peak) that was large
enough to justify a fully powered efficacy study. The pilot

Randomized (n=15)

Randomized to 
Usual Care (n=8)

Randomized to 
Exercise (n=7)

Eligible (n=21)
Screen Failures (n=6)

Did not give permission to contact PCP (n=1)
Did not complete all baseline assessments (n=3)
Absence of 2 or more cardiometabolic risk factors (n=2)

Referred for 
assessment of 

eligibility (n=122)
Excluded (n=23)

Not 18-70 years old (n=2)
Traumatic SCI not C6 or below (ASIA A-D) (n=2)
Does not use a manual wheelchair at least 50% of the time (n=7)
Does not report less than 150 minutes per week of MVPA (n=5)
Engaged in a structured exercise program (n=3)
Surgery pending within 6 months (n=1)
Recurrent infection or illness requiring hospitalization (n=1)
Participating in another research study (n=2)

Declined to participate (n = 7)
Deceased (n=1)
Person lives too far away to travel to Seattle (n=24)

No Response 
(n=46)

Lost to follow-up 
(n=1) broken leg

Lost to follow-up 
(n=0)

Analyzed (n=7)Analyzed (n=8)

Fig. 1 Study enrollment and
randomization. Depicted is the
study enrollment, randomization
to esercise versus usual care, and
subjects analyzed for outcomes.
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study did not meet key efficacy and feasibility objectives,
yet there were some promising results and useful lessons to
be learned from the trial.

Our original study goal was to target persons at risk for
cardiometabolic diseases and exclude those already diag-
nosed with diabetes, hypertension, or hyperlipidemia. We
quickly found that these exclusions would severely limit our
ability to recruit interested participants. Moreover, the sci-
entific literature indicates that exercise is a safe and
potentially effective intervention for people with these
diagnoses [37, 38]. After relaxing these exclusion criteria
our recruitment rate more than doubled from 2.0 to 5.4
participants recruited per quarter. Future researchers should
be cautious not to adopt overly restrictive eligibility criteria
for reasons having to do with obtaining a sufficient sample
size and in order to benefit the greatest possible fraction of
people with SCI.

Despite extensive website, email, and clinic-based
advertising and having access to a fairly large population
of persons with SCI, only 122 persons were referred or self-
referred to the trial and of those, 46 persons did not respond
to screening attempts, seven declined to participate and 15
were randomized. These numbers suggest much less interest
in or greater barriers to physical activity than we antici-
pated. Our experience is not unique. Indeed, the average
study sample size derived from a scoping review of 14 SCI
exercise studies was only 24 persons [39]. Survey research
suggests that the vast majority of people with SCI either do
exercise somewhat or report that they want to exercise [40].
Yet, among individuals with SCI negative beliefs and per-
ceived external barriers likely contribute to low exercise
participation such as thinking exercise is too difficult, not
safe, and not of interest, or not knowing how to exercise as
well as not having exercise equipment or not knowing of an
accessible fitness center [40].

These findings in conjunction with general health beha-
vior change models such as the Health Action Process
Approach (HAPA) [41] and can guide recruitment efforts.
For example, the HAPA model highlights how beliefs about
one’s ability to exercise, the benefits of exercise, and the
risks of exercising or not exercising determine whether
people form intentions to exercise or take action. We may
have improved study recruitment if we created study ads
that highlighted important benefits of exercise, explained
how the study would make exercising easier (i.e., provide
free exercise equipment, boost motivation and focus on
ways to exercise in their home environment), and provided
evidence that exercise is safe for people with SCI [42]. We
also could have described the risks of not exercising for
people with SCI such as developing cardiometabolic syn-
drome [43].

Among those persons whom we were able to screen, our
study procedures generally performed well compared to

prior research. Compared to the scoping review [39], we a
had similar rate of people declining to participate (6 vs. 5%)
and lower rate of drop-out (7 vs. 16%). We had a higher rate
of exclusions (62 vs. 35%) mostly due to having screened
24 persons who were interested in the study, but lived too
far from our site to undergo fitness testing. To avoid this
problem, future researchers who use telehealth to promote
physical activity should consider objective outcome mea-
sures that can be obtained without requiring the participant
come to the research center. Enrollment into our study was
also limited by the fact our only on-campus fitness-testing
center closed unexpectedly for financial reasons. Therefore,
recruitment rate estimates from this study may under-
estimate the potential reach of a telerehabilitation approach
to physical activity promotion in people with SCI.

The intervention did not produce a sufficient dose of
physical activity to have an effect on cardiorespiratory fit-
ness (V̇O2 peak). Nevertheless, there was a moderate size
effect (0.62) on a valid measure of self-reported MVPA.
The size of the effect on self-reported MVPA is similar to
the effect size produced by other telehealth interventions in
SCI [18, 19]. In order to produce higher quality research in
this area, we need more objective indicators of physical
activity frequency, intensity, and duration that are valid in
SCI. Research on the reliability and validity of wearable
accelerometry in people who use manual wheelchairs is
emerging, including the use of individually tailored cut-
points for defining MVPA [44]. The use of wearable
accelerometry has the advantage of permitting investigators
to monitor (and potentially influence) the frequency,
intensity, and duration of participant physical activity
remotely in real-time via devices that can be connected to
the internet.

The effects of the intervention on depression and pain are
promising and consistent with prior research. Hicks et al.
[12] reported that a supervised exercise program three times
per week for 9 months resulted in sustained euthymia and
decreased pain compared to increased depression and pain
among wait-list controls. A small controlled trial of Iyengar
yoga resulted in decreased depression compared to wait-list
controls [45]. Multiple studies have demonstrated decreased
shoulder pain as a result of exercise interventions [46]. The
efficacy of exercise interventions for major depression in
the general population is now quite compelling [47].

We found that this community-based physical activity
intervention was safe. In addition, participant retention rates
and data completeness also exceeded expectations. How-
ever, the average number of completed calls (10 of 16) did
not meet our goal. Anticipating and planning to cope with
facility and other barriers to physical activity was contained
in sessions 9–12 of our curriculum. These topics are
important components of successful physical activity
interventions [18] and most participants missed some or all
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of this material. This may explain why the intervention
group reported decreased confidence in their ability to use
exercise facilities and resources relative to the UC group.
Decreased confidence in their ability to use exercise facil-
ities and resources also me be attributable to the fact that
most participants chose to be more active in their home
environment rather than in a gym.

To put the results of this study in the context of recent
research, at least three trials have now been published that
used objective outcome measures to assess the impact of
community-based physical activity or exercise interventions
in people with SCI. One study used three wirelessly syn-
ched wearable activity monitors to show that a 6-month
intervention consisting of motivational interviewing, feed-
back goals setting, home visit and information delivered by
physical or occupational therapists resulted in greater
wheeled physical activity at 6 and 12 months after discharge
from inpatient rehabilitation compared to no treatment
controls [48]. Another project demonstrated that inactive
adults with chronic paraplegia exposed to a home-based
graded arm ergometry program four times per week for
6 weeks had improved cardiorespiratory fitness, decreased
serum fasting insulin, and insulin resistance compared to
“lifestyle maintenance” group [49]. The third study used a
theory-based intervention consisting of a personal training
session followed by eight weekly behavioral coaching ses-
sions to support adherence to a tailored exercise program
delivered in-person or via Skype by the investigator who is
also an experienced personal trainer [50]. Compared to
wait-list controls, the intervention group had 17% more
accelerometer-based physical activity, 19% higher V̇O2
peak during fitness testing and five-times greater self-
reported MVPA. Features of these studies that contrast with
the current study and may have contributed to their success
include: (1) using shorter training periods (6–8 weeks vs.
6 months), (2) offering participants a graded in-home arm
ergometry program, (3) having the intervention delivered by
physical trainers, physical therapists or occupational thera-
pists rather than a psychologist, and (4) tailoring the use of
behavior change techniques to the participant rather than
providing them in a fixed order [50]. Recent studies that
have focused on mechanisms of increased exercise in peo-
ple with SCI have emphasized the importance of increasing
exercise self-efficacy, anticipating problems and barriers
and making plans to cope with them proactively, reducing
pain disability, and reducing helplessness [50, 51]. Strate-
gies that seem crucial to the success of exercise interven-
tions in general are using sound behavior change theory
[41] and applying evidence-based behavior change methods
[50, 51]. Taken together, these studies show that a wide
range of people with SCI who are sedentary and have upper
extremity function can become significantly more active, fit,

and healthy via community-based interventions that com-
bine expertise from exercise science and behavioral science.

Data availability

The datasets generated and analyzed during the current
study are available from the corresponding author on rea-
sonable request.
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