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ABSTRACT

Introduction Cardiovascular and metabolic diseases are
a growing concern for individuals with spinal cord injury
(SCI). Physical inactivity contributes to cardiometabolic
morbidity and mortality in the SCI population. However,
previous studies have shown mixed results regarding

the effects of exercise on cardiometabolic risk factors

in individuals with SCI. This discrepancy could be
influenced by insufficient exercise stimuli. Recent
guidelines recommend 30 min of moderate-to-vigorous
intensity aerobic exercise, three times per week, for
improvement in cardiometabolic health in individuals with
SCI. However, to date, no studies have implemented an
exercise intervention matching the new recommendations
to examine the effects on cardiometabolic risk factors.
Therefore, the primary objective of this study is to
determine the effects of 12 weeks of wheelchair user-
modified upper-body rowing exercise on both traditional
(constituents of the metabolic syndrome) and novel (eg,
vascular structure and function) cardiometabolic risk
factors in manual wheelchair users with SCI.

Methods and analysis A randomised controlled trial will
compare 12 weeks of upper-body rowing exercise, 30
min three times per week, with a control group continuing
their normal lifestyle. Outcome measurements will be
performed immediately before (baseline), after 6 weeks
(halfway), 12 weeks of training (post) and 6 months after
the termination of the intervention period (follow-up).
Outcomes will include inflammatory (eg, C reactive protein)
and metabolic biomarkers determined from venous blood
(with serum fasting insulin as primary outcome), body
composition, arterial blood pressure, cardiorespiratory
fitness level, brachial artery vascular structure and
function and autonomic nervous system function.

Ethics and dissemination This trial is reported to the
Danish Data Protection Agency (J.nr. 2019-899/10-0406)
and approved by the Committees on Health Research
Ethics in The North Denmark Region on 12 December
2019 (J.nr. N-20190053). The principal investigator will
collect written informed consent from all participants prior
to inclusion. Irrespective of study outcomes, the results
will be submitted to peer-reviewed scientific journals for
publication.
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Strengths and limitations of this study

» The frequency, duration and intensity of the exercise
intervention follows recently published exercise rec-
ommendations for individuals with spinal cord injury.

» This study uses a randomised controlled design to
examine the effects of a novel exercise modality
on both traditional and novel cardiometabolic risk
factors.

» The exercise modality (upper-body rowing) includes
not only an aerobic component, but also an element
of resistance training for the posterior shoulder re-
gion, potentially ameliorating shoulder pain.

» Lack of control of food intake is a study limitation as
altered energy intake could influence the interpre-
tation of the effects of exercise on body mass and
body composition.

Trial registration number NCT04390087.

INTRODUCTION

Individuals with spinal cord injury (SCI)
are placed at the lowest end of the fitness
continuum.' Thus cardiovascular disease and
metabolic dysfunction are a growing concern
in this population.”® In recent years, cardio-
vascular disease has emerged as the leading
cause of mortality in individuals with chronic
SCL* Factors contributing to high cardiomet-
abolic morbidity and mortality in individuals
with SCI are a sedentary lifestyle and low
physical activity level,” and the ensuing nega-
tive influence on body composition, reflected
by lower fat-free mass and a larger amount of
adipose tissue.’

The clinical manifestations of SCI rely
on the level of neurological injury and the
completeness of injury.7 SCI can result in
complete or partial loss of sensorimotor func-
tion below the level of injury. In general, a
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cervical injury leads to impairment of all four extremities
(ie, both arms and legs) as well as the trunk and pelvic
organs (tetraplegia), whereas an injury to the thoracic,
lumbar or sacral spine preserves the functioning of the
arms (paraplegia).® In addition to the impairment of
sensorimotor function, SCI can disrupt sympathetic
nervous system function as preganglionic sympathetic
neurons are located between the T1 and L2 spinal
segment.” Due to an increased amount of paralysed
muscle mass and larger disruption of the autonomic
nervous system, lower physical capacity’ and heightened
cardiovascular risk'’ are generally observed among indi-
viduals with a high (tetraplegic) and complete SCI. The
loss of sensorimotor function in the lower extremities
forces many individuals with SCI to rely on a wheelchair
for mobility. For those wheelchair users with sufficient
strength and movement control in the arms, a manual
wheelchair (ie, a wheelchair that can be propelled by the
user) is typical used for mobility."

Besides the obvious limitation to physical activities
requiring ambulation, explanations for the adoption of
a sedentary lifestyle are multifactorial, but studies have
identified intrapersonal and socioenvironmental phys-
ical activity barriers among manual wheelchair users with
SCL'*" Some barriers such as the intrapersonal barriers
of lack of time'® or energy'® identified by individuals with
mobility disabilities are consistent with those reported in
the non-disabled population. Other barriers are specific
to the mobility of individuals with a disability, such as
organisational or structural barriers (eg, lack of accessible
fitness centres'” and adaptive exercise equipment" and
community built environment barriers.'” Consequently,
new approaches to support the initiation and persever-
ance of physical activity in this population are required.

The majority of previous exercise intervention studies
have used isolated aerobic exercise, often in the form
of arm-cranking exercise.'"® These studies have demon-
strated improvements in traditional risk factors for
cardiometabolic diseases, such as high-density cholesterol
(HDL-C)," fasting insulin® and indices of insulin resis-
tance,”’ whereas the effects on arterial blood pressure
(BP),* blood lipids (eg, low-density cholesterol (LDL-C)
and triacylglycerol) are inconclusive.”” ** * Moreover,
although evidence from cross-sectional studies suggests an
association between increased participation in moderate-
to-vigorous intensity leisure-time physical activity and a
reduction in visceral adipose tissue,* there is insufficient
evidence for the effects of upper-body aerobic exercise
on changes in body mass and body composition, such as
a reduction in total and visceral adipose tissue.'®*** The
explanation for the lack of an exercise effect on some of
these above-mentioned risk factors is not clear, but could
be related to insufficient volume® ** or intensity® of exer-
cise, performed with a limited amount of skeletal muscle
mass.

Notably, in able-bodied individuals, the exercise-
induced risk reduction in cardiovascular diseases cannot
be fully explained by traditional risk factors (constituents

of the metabolic syndrome), that is, there is a risk factor
gap.”’ As a consequence, studies have started to focus on
the effects of exercise on changes in the vascular wall.”’
It is known that dysfunction of the vascular endothelium
occurs at the very early phases of atherosclerosis.® For
instance, flow-mediated dilation (FMD), a non-invasive
measure of nitric oxide dependent endothelial function,”
is a strong predictor of future cardiovascular events.”
In addition, carotid intima-media thickness (IMT), a
measure of vessel wall thickness®' has shown to be associ-
ated with future vascular events, such as the occurrence
of stroke and myocardial infarction.” Accumulating
evidence in able-bodied individuals demonstrates benefi-
cial effects of exercise on structural and functional adap-
tations of the vasculature.* However, little is known about
the effects of exercise on the vasculature in individuals
with SCI.

Reductions in the femoral artery (lower body) diam-
eter occur rapidly in response to extreme inactivity, as
observed within 3 weeks of acquiring an SCI.** De Groot et
al® found similar FMD in the brachial artery (BA) among
untrained SCI when compared with able-bodied individ-
uals, however, when FMD was normalised to the shear
stress stimulus, the dilation response was reduced in the
SCI group, indicating some degree of endothelial dysfunc-
tion in this population.”* Other observational studies
have demonstrated both larger conduit artery diameter
and blood flow in the subclavian artery,” and larger
brachial diameter™ in wheelchair athletes compared with
non-athlete able-bodied controls. Together these findings
indicate that remodelling of the vasculature also occurs in
response to regular exercise in wheelchair users with SCI.
However, the causal link between adaptations of the upper
body arteries and repetitive exercise stimulus in SCI is
not fully established. Therefore, the relationship between
exercise and vascular remodelling in manual wheelchair
users needs to be determined through controlled exer-
cise studies. A recent experimental study consisting of
supervised aerobic exercise (20 min, two times per week),
adhering to the earlier (2011) exercise guidelines for
adults with SCL,” was successful in improving measures
of cardiorespiratory fitness and muscle strength.” Yet,
Totosy de Zepetnek et al** demonstrated that this exercise
paradigm (20 min, two times per week) did not improve
markers of cardiovascular disease risk, including carotid
IMT and brachial FMD. Recent (2018) guidelines recom-
mend at least 30 min of moderate-to-vigorous inten-
sity aerobic exercise, three times per week in order to
improve cardiometabolic health in individuals with SCI,*
suggesting that insufficient exercise stimuli may explain
the lack of vascular adaptations in the study by Totosy de
Zepetnek et al.”* Notably, to date, no studies have exam-
ined the effects of the updated exercise guidelines (30
min of moderate-to-vigorous intensity aerobic exercise,
three times per week) on vascular adaptations in manual
wheelchair users with SCI.

While isolated aerobic exercise, via arm-cranking
or wheelchair ergometry, evokes positive effects on
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cardiorespiratory fitness, these modalities/types of exer-
cises fail to address the importance of strengthening the
posterior shoulder musculature of the upper-extremity
for individuals with SCI relying on a manual wheelchair
for mobility.* In addition, these modalities use repetitive
contractions of the shoulder musculature engaged in
daily wheelchair propulsion activities, thereby increasing
the risk of developing shoulder pain.*™* Studies have
reported a high prevalence of shoulder pain in long-term
wheelchair users,"* * which prevents these individuals
from engaging in physical activity."® As wheelchair users
rely on their upper-extremities for most daily activities,
upper-extremity pain must be prevented or limited to
preserve function, independence and quality of life
(QoL).” " Indeed, health-related QOL is lower in adults
with SCI compared with the able-bodied population.*® *
The development of shoulder pain has been suggested
to occur due to chronic overuse, shoulder strength
imbalances between anterior and posterior muscula-
ture, postural changes and impingement syndrome.”™*
Considering the general need for strong upper extrem-
ities to bear weight during different transfer tasks,” to
propel the wheelchair™ and to reach overhead levels,”
the inclusion of resistance training in exercise training
paradigms seems prudent. One modality that combines
aerobic and resistance components is rowing.”® Specifi-
cally, it has been shown that wheelchair user-modified
upper-body rowing ergometry challenges the cardiovas-
cular system comparable to arm-cranking.* Addition-
ally, upper-body rowing mirrors the muscle activation
observed during traditional resistance training for the
scapular retractors.”’” Earlier research has demonstrated
beneficial effects of resistance training of the posterior
shoulder and scapular retractor musculature on shoulder
pain.43 4755 Thus, the use of upper-body rowing ergom-
etry may evoke positive effects on both cardiometabolic
health and shoulder pain in manual wheelchair users, the

latter through alterations in posterior vs anterior upper-
body muscle strength balance. However, to date, no
studies have implemented upper-body rowing ergometry
as exercise modality in this population.

Objectives

The primary objective of this study is to determine the
effects of 12 weeks of wheelchair user-modified upper-
body rowing on both traditional (insulin resistance,
obesity, dyslipidaemia (including low HDL-C and elevated
triglycerides (TG)), and BP) and novel (inflammatory
status, autonomic nervous system function, vascular struc-
ture and function and cardiorespiratory fitness level)
cardiometabolic risk factors in manual wheelchair users
with SCI. As secondary objectives, we will investigate the
effects of the exercise intervention on leisure-time phys-
ical activity, shoulder pain, indices of QOL and feasibility
of the intervention.

METHODS AND ANALYSIS

Study design

A randomised controlled trial designed to determine
the effects of 12 weeks of exercise training on cardiomet-
abolic risk, indices of QOL and shoulder pain, will be
conducted in accordance with the Standard Protocol
Items: Recommendations for Interventional Trials state-
ment.”® The trial is registered as a controlled trial on 15
May 2020 with first enrolment beginning in November
2020. The study overview is presented in figure 1. After
giving written informed consent to participate in the study
(see online supplemental appendix for details about the
model consent form), participants will undergo base-
line testing, after which they will be randomly assigned
to either a control group or an exercise group (alloca-
tion ratio, 1:1), stratified for age, self-reported leisure-
time physical activity level and SCI level. Randomisation

Baseline laboratory trial +
blood measurements
(N =30)

Randomisation (N = 30)
Allocation ratio of 1:1

Exercise group (INT) (N = 15)

Control group (CON) (N = 15)

3*30 min per week moderate-to-
vigorous-intensity (RPE of 12-15)
upper-body rowing exercise (over 12

6-weeks follow-up laboratory trial + blood
measurements (N =)

Maintenance of normal lifestyle (over
] 12 weeks)

weeks)
LTPA monitoring once every week

LTPA monitoring once every week

| 12-weeks follow-up laboratory trial + blood [+
] measurements (N =) —

—

| 6-months free-living

\\\\\\ 6-months follow-up laboratory trial + blood ~
| measurements + LTPA monitoring (N =) [«
Figure 1 Study overview. CON, control; INT, intervention; LTPA, leisure-time physical activity; RPE, rating of perceived
exertion.
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will be conducted using a computer-generated random
number  sequence (https://www.randomizer.org/).
Outcome measurements will be performed immediately
before (baseline), after 6 weeks (halfway), 12 weeks of
training (post) and 6 months after the termination of the
intervention period (follow-up). This approach allows for
assessment of the short term effects of exercise training as
well as any residual effects from the training intervention
on cardiometabolic risk, shoulder pain, indices of QOL
and self-reported leisure-time physical activity. Partic-
ipants will be asked to maintain their normal dietary
habits throughout the study period.

Participants

Inclusion criteria

Men and women; aged 18-65 years; chronic SCI (=1 year
since injury); individuals with sufficient sparing of arm
flexor function to participate in upper-body rowing (ie,
as a minimum excluding individuals with complete SCI
at or above C5); using a manual wheelchair as a primary
tool for mobility. Volunteers will be asked to self-report
SCI level and completeness and to provide a copy of the
part of their medical records that confirm injury level
and American Spinal Injury Association impairment scale
classification before any measurements are commenced.
In addition, volunteers will be asked to briefly perform
the rowing exercise during the first laboratory visit to
ensure that the individual is able to perform the exercise
intervention. As part of the screening, volunteers will
also be asked to indicate smoking habits, known medical
issues, diseases or use of medication that could affect
metabolism (eg, statins or metformin) or the cardiovas-
cular system (eg, diuretics, beta-blockers or angiotensin-
converting enzyme inhibitors).

Exclusion criteria

Individuals who regularly engage in >90 min/week of
moderate-to-vigorous intensity physical activity; have
received a cortisone injection in the shoulder within
the last 4 months; have had shoulder injury within the
previous year; known medical issues (urinary tract infec-
tions, cardiovascular contraindications for exercise testing
and pressure sores); diagnosed diabetes or any other
disease that may limit the ability to perform exercise.

Recruitment

Starting from September 2020, participants will be
recruited through notices at Aalborg University, websites
seeking volunteers for research studies (eg, www.forsog.
dk), organisations related to disability and SCI, including
the Spinal Cord Injured in Denmark organisation,
physician clinics, wheelchair manufacturing company
(Wolturnus A/S) and local community groups. Infor-
mation on websites, social media, posters, and flyers
will be used to reach potential participants. This kind
of participant recruitment can be considered passive
since the participants have to choose to react to the
study information.” This approach increases the risk of

overrepresenting individuals who are interested in the
research area.”® Considering this risk of selection bias,
physician clinic visits from the principal investigator (ie,
active recruitment) will be used as an additional strategy
to reach potential participants. For this study, 30 partici-
pants will be recruited. The sample size is based on the
effect size (Cohen d: -0.69) for changes in fasting insulin
after 6 weeks of arm-cycling exercise.”” With a power of
0.9, and an alpha level of 0.05, 20 participants in total
are required to detect a significant change. To account
for drop-outs during the 12-week intervention, as well as
potential drop-outs in the control group, 30 participants
will be included in the project, with n=15 allocated to the
control and exercise group, respectively.

Intervention

Exercise group

Volume, intensity and frequency of the intervention
are based on recent exercise recommendations for
individuals with SCL* Consequently, the training will
be performed for 30 min, three times per week with
moderate-to-vigorous intensity, with at least one rest day
between sessions. A low compliance rate is a general issue
in SCI exercise studies.” Compared with continuous exer-
cise, interval-based exercise has been reported to elicit
higher enjoyment in individuals with SCL®" which may
increase exercise compliance. Considering this differ-
ence between continuous and interval-based exercise, the
target duration of 30 min will be reached through the
accumulation of 5-minute bouts (up to six bouts), with
1-2 min of rest between each bout. It is possible that some
participants will not be able to exercise for 30 min with
the intended intensity. Accordingly, exercise duration
will be tailored to each participant’s physical capacity®
by gradually increasing the duration (ie, the number
of 5-minute bouts) over the weeks towards the targeted
30 min (ie, six * 5b-minute bouts). Exercise intensity will
be prescribed based on the rating of perceived exertion
(RPE) corresponding to 12-15 on the ‘Borg 6-20 RPE
Scale.®” * The validity of using RPE to control moderate
and vigorous exercise intensity has been demonstrated
in individuals with SCL® During the first visit, partici-
pants will be familiarised with the RPE scale®® and receive
detailed instructions on the use of RPE and how to rate
the overall exertion based on an integration of central
and peripheral sensations of effort.”” Some controversy
exists about the validity of using overall RPE to monitor
exercise intensity,’® " as the relationships between overall
RPE and objective physiological markers such as oxygen
consumption (VO,), heart rate (HR) and ventilation in
individuals with SCI have been questioned.®” This has led
some researchers to use a differentiated RPE scale that
distinguishes between central (cardiorespiratory sensa-
tions) and peripheral (peripheral working limbs) sensa-
tions.%® However, the current evidence does not indicate
greater validity for differentiated RPE compared with
overall RPE,66 and therefore overall RPE will be used to
guide exercise intensity.
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Each training session will consist of aerobic exercise
performed on a wheelchair-modified upper-body rowing
ergometer (Concept 2, Morrisville, Vermont, USA). Due
to the pulling motion of the upper-body during rowing,
this modality also includes a component of resistance
exercise.”® The modification of the ergometer is made by
separating it into two parts using an Adapt2row (http://
www.adapt2row.com/), allowing the participants to sit in
their wheelchair while performing upper-body rowing.
Wedges will be positioned under the rear wheels to keep
the wheelchair in place. Further, in case of SCI related
insufficient innervation of torso musculature, straps
will be wrapped around the back of the wheelchair and
around the trunk of the participant, thereby securing the
participant to the wheelchair. A pilot study*' has provided
promising results regarding the feasibility of using adap-
tive upper-body rowing exercise in the SCI population.
Participants will be asked to empty their bladder before
each training session. Average power output (W) will be
recorded during each exercise session to monitor the
training load and quantify progress in work capacity.

All exercise sessions will be supervised by the principal
investigator, who is an exercise physiologist or by sport
science students to ensure proper assistance and guid-
ance of the participants. Everyone involved in supervi-
sion will be thoroughly instructed on how to supervise the
correct exercise technique, and they will receive general
knowledge about SCI and wheelchair use. To allow for
some flexibility regarding scheduling conflicts, partici-
pants will have the opportunity to exercise 2—4 days per
week, with a target of 3 days per week. That is, in case of
missing a training session, an additional session can be
included the following week. However, to secure adequate
recovery, no more than four training days per week will
be allowed. The intervention will be terminated after 12
weeks, irrespective of any missing training sessions. An
adherence rate threshold of 75% will be used (=27 exer-
cise sessions out of the maximum 36).*” However, there
are no previous reports of adherence rates for this type of
exercise intervention (12 weeks of wheelchair-modified
rowing) in individuals with SCI. Therefore, if some partic-
ipants show low (<75%) adherence rates, we intend to do
a sensitivity analyses in order to determine how sensitive
the exercise responses are to reaching (275%) or not
reaching (<75%) the a priori set adherence rate. If the
adherence rate influences the exercise response, we will
consider including the adherence rate as a covariate in
the statistical analyses.

Control group

The participants allocated to the control group will be
asked to maintain their normal lifestyle throughout the
intervention period. When the 6 months follow-up testing
has been terminated, the control group will receive infor-
mation about the exercise guidelines and the benefits of
physical activity. Additionally, if requested, the principal
investigator will organise contact to facilities where partic-
ipants in the control group can perform adapted rowing.

Main trial day protocol

The experimental procedures will be similar at baseline,
halfway, postintervention and at follow-up 6 months later.
To account for within-day variation, the procedures will
be performed at the same time of day for each partici-
pant. Participants will arrive at the exercise laboratory at
Aalborg University for testing. Participants will be asked to
refrain from any strenuous exercise (>24 hours), caffeine,
alcohol, polyphenols, vitamin C and supplements known
to affect the cardiovascular system (>12 hours) and attend
in a fasted (>6 hours) state.” Any smokers must abstain
from smoking for >6 hours prior to each visit.”’ If partici-
pants are taking medication, a wash-out period of at least
four to five times the half-life of the drug (typically 24-48
hours) will be used. If a drug cannot be withdrawn due
to health issues, testing will be performed after a consis-
tent time period after intake, as recommended for studies
examining vascular function.” ™" On trial days, partici-
pants will receive a standardised snack (energy bar) after
completion of the FMD measurement. Participants will
be asked to empty their bladder before any testing is
commenced, and are allowed to drink water ad libitum
during the test days.

Blood collection procedure

On a separate day, after an overnight fast (ie, 210 hours
of fasting), participants will have approximately 20 mL
blood drawn from a peripheral vein. Blood samples will
be aliquoted and stored at —80°C at the Department of
Clinical Biochemistry, Aalborg University Hospital, until
analyses. Blood samples will be analysed for indicators of
cardiometabolic health (markers of glucose homeostasis,
dyslipidaemia, non-alcoholic fatty liver disease (NAFLD)
and prothrombotic risk) as well as inflammatory markers
(proinflammatory and anti-inflammatory markers).
Blood sampling will be conducted within a week prior to
commencing the intervention (baseline), between 36 and
60 hours after the last exercise session in week 6 (halfway)
and week 12 (post) to minimise any effects from the last
exercise session, and 6 months after the termination of
the intervention (6 months follow-up).

Outcome measures

Primary outcome

The primary outcome is fasting insulin, since it is one of
the hallmarks of the metabolic syndrome,” ™ and has
shown to be modifiable with exercise training in individ-
uals with SCL*

Secondary key outcomes

Arterial BP and resting HR

After resting for 10 min, participants will have their
resting systolic and diastolic BP and HR measured with an
automated BP monitoring device (OMRON M3, OMRON
Healthcare, Hoofddorp, Netherlands). Measurements
will be performed two times, with participants in a sitting
position. If these measurements deviate >5%, a third
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measurement will be performed. The lowest values will
be used for further analyses.

Body composition

Participants will have their body mass measured while
sitting in their wheelchair (wearing light clothing)
using a platform wheelchair scale (Detecto 6550 wheel-
chair scale, Webb City, Missouri, USA). Body mass will
be derived by subtracting the weight of the wheelchair
from the total mass and rounded to the nearest 0.1 kg.74
Supine height (cm) will be measured in a supine posi-
tion using non-elastic tape. For participants with contrac-
tures precluding stretching of the legs, the length will
be measured in segments from heel to top of the skull.”
Body mass index will be calculated as weight (kg) divided
by height squared (m®). Waist circumference and waist-
to-hip circumference ratio will be used as a surrogate for
visceral adiposity. T Participants will have their waist and
hip circumference measured in supine position following
a deep expiration. Waist and hip circumference will be
measured immediately below the lowest rib” and widest
part of the trochanters,”® respectively. For all circumfer-
ence measurements, the tape will be placed directly on
the skin with the participants arms by the side.”” Anthro-
pometric measures will be taken in duplicate (height,
waist and hip circumference), rounded to the nearest 0.1
cm and reported as the mean. If the difference between
the first and second measure is >0.1 cm, a third measure
will be obtained.”

Autonomic nervous system function

Increasing evidence suggests that autonomic dysfunction
accentuates the risk for adverse cardiovascular events.””
Individuals with SCI are prone to autonomic distur-
bances as a consequence of disruption to the spinal cord,’
placing them at increased risk for autonomic-related
cardiovascular diseases. It is generally accepted that the
heart in individuals with SCI below T6 is innervated
by both sympathetic and parasympathetic neurons. In
contrast, due to disruption of sympathetic outflow, para-
sympathetic innervation dominates in individuals with
complete cervical and upper thoracic injuries, thereby
resulting in bradycardia, reduced cardiac output and
arterial BP.’ Recently, it has been shown, however, that
sympathetic control can be partially preserved in athletes
with a cervical motor complete injury, with the degree of
preservation being an important determinant of exer-
cise performance.” Yet, whether exercise training can
alter autonomic nervous system function (eg, balance
between sympathetic and parasympathetic activity) in
individuals with SCI is uncertain. Thus, as assessment
of autonomic nervous system function, HR variability
(HRV)” ™ and arterial BP changes in response to an
orthostatic challenge (sit-up tilt test) 78 will be measured
as exploratory aims. For HRV measurements, participants
will be equipped with a four-lead surface electrodes on
their chest and have their ECG recorded (L.abScribe V.4,
iWorx, Dover, Hampshire, USA) during 5 min of quiet

8

rest. ECG data will be exported to dedicated software
(Kubios HRV Standard V.3.2.0; Kuopio, Finland) for
analyses of frequency-domain parameters (low-frequency
power, high-frequency power and total power) and time-
domain parameters (HR and the root mean square of
successive RR interval differences) in accordance with
guidelines from The European Society of Cardiology and
Heart Rhythm Society.*” ¥ For the sit-up tilt test, partic-
ipants will be equipped with a finger plethysmograph
(Finometer, Finapres Medical Systems BV, Enschede, the
Netherlands) for continuous and non-invasive measure-
ment of arterial BP and HR during a 10 min orthostatic
challenge (sit-up test). Briefly, after 10-15 min of supine
rest with baseline recordings, participants will be moved
(ie, without assistance from the participant) to an upright
seating position with their legs hanging free of the bed at
an angle of 90°.7 Changes in systolic BP and diastolic BP
will be calculated as the difference between mean seated
and supine BPs.*” The presence of orthostatic hypoten-
sion will be defined as a 220 mm Hg drop in systolic BP
or a 210 mm Hg drop in diastolic BP when moving to an
upright position.83

Vascular structure and function

After a rest period of 10-15 min in a quiet and dark-
ened room, vascular structure and function will be eval-
uated non-invasively using ultrasonography (LOGIQ S8
XDclear, GE Healthcare) following recent guidelines on
assessment of conduit” ®* and resistance’’ vessel func-
tion. Conduit artery structure will be determined in
the common carotid artery (CCA) and BA with B-mode
echoes using a 10 MHz multifrequency linear assay ultra-
sound probe. Measures of CCA and BA structure will be
reported as IMT (mm), lumen diameter (mm) and wall-
to-lumen ratio. The B-mode image will be optimised by
changing depth and resolution, and will be kept constant
between study visits.

To assess BA and resistance vessel function, endothelial-
dependent FMD and reactive hyperemia will be deter-
mined by cuff occlusion followed by reperfusion.”
First, participants will have their baseline BA diameter
measured for a period of 30 s. Then, a cuff placed distally
on the forearm (ie, distal to the ultrasound probe) will be
inflated for 5 min up to a pressure that exceeds systolic BP
by >50 mm Hg. After 5 min, the cuff will be deflated and
postdeflation diameter and blood velocity will be contin-
uously recorded for 3 min.” For determination of FMD,
both absolute (mm) and relative (%) change in diameter
from baseline to postdeflation will be calculated. Given
the importance of shear stress as the stimulus for the
FMD response,” continuous and simultaneous measure-
ment of pulse-wave velocity (Doppler) and diameter
(B-mode) using duplex ultrasound will be performed.
This allows for an estimation of the shear stress stimuli
through the calculation of shear rate, which then can be
used to normalise the FMD response.® Because the error
of the insonation estimation increases exponentially with
angles >60°,*” an insonation angle of <60° will be used,
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with the sample volume adjusted to cover the total width
of the vessel.

Resistance vessel function will be determined by the
magnitude of the reactive hyperemic response to cuff-
induced ischaemia. Several measures obtained from the
reactive hyperemic response will be reported, including
absolute blood flow (calculated based on the diameter
derived cross-sectional area and blood velocity) and
velocity, peak change in blood flow and blood flow area
under the curve across the postdeflation time period.

Although related, the measure of reactive hyper-
emia mirrors the magnitude of downstream resistance
artery dilation, whereas FMD represents conduit artery
dilation.”

To ensure that the same part of the CCA and BA will
be insonated across study visits, anatomical landmarks
will be identified and recorded together with a photo of
the insonation sites. All insonation settings (including
sample volume, insonation angle and recording time)
and occlusion procedure (including cuff-position, pres-
sure and duration) will be held consistent within partic-
ipants across study visits. For standardisation, the same
investigator will perform all measurements and all anal-
yses (blinded to the identity of the data).

Metabolic and inflammatory profile

The metabolic and inflammatory profile will be assessed
via measures of glycaemic control (fasting glucose, long-
term blood glucose (HbAlc, glycosylated haemoglobin),
homeostatic model assessment of insulin resistance),
lipid profile (HDL-C, LDL-C, total cholesterol and TG),
proinflammatory (C reactive protein, interleukin (IL)
6, tumour necrosis factor-alpha), anti-inflammatory
(IL-10, ILIRA), prothrombotic (PAI-1), markers of
NAFLD (hepatic enzymes (alanine-aminotransferase
and aspartate-aminotransferase) ), growth differentiation
factor 15 and fibroblast growth factor 21.

Cardiorespiratory fitness level

Cardiorespiratory fitness level will be determined
through an incremental arm-cranking test to exhaustion,
with peak oxygen consumption (VO,, ) and ventilatory
thresholds (VTs) as the outcome measures. The place-
ment of the ergometer (Monark 881E, Vansbro, Sverige)
will be adjusted such that the participants shoulder joint is
aligned with the crank axis with the elbows slightly bend.
Participants will be equipped with an HR monitoring
belt (Suunto Ambit3 Run; Suunto, Vantaa, Finland) and
a face mask, connected to an online open-circuit meta-
bolic cart. The cart (JAEGER, Vyntus CPX, Carefusion)
will be calibrated to known volumes and gas concentra-
tions according to manufactural guidelines. After a 1
min warm-up with zero resistance, the test begins with
an individualised starting load (5-90 W) 8 with increases
in workload (5 or 10 W) every minute® until volitional
fatigue, defined as an inability to maintain cadence above
55 rounds per minute (rpm).88 The individual starting
load and increment size will be chosen based on training

history and anticipated physical capacity, with the aim
of reaching exhaustion within 8-12 min at a cadence of
6070 rpm.** ** Breath-by-breath VO, and carbon dioxide
output (VCO,), and HR will be measured continuously
throughout the test. VO, . will be reported in both abso-
lute (L O /mln) and relatlve (mL O /kg/mm) terms, and
defined as the highest 30 s average during the test, with
the corresponding HR reported as HR . The highest
workload that is achieved for 230 s will be reported as
PO, Participants will be asked to indicate RPE (Borg
6—-20 scale) during the last 15 s of each minute. On test
cessation, participants will gradually cool-down for 5 min,
while their BP will be measured immediately before and
after this recovery period.

As part of the cardiorespiratory fitness assessment, the
first VT (VT)) and the second VT (VT,) will be deter-
mined during the incremental arm-cranking test. V, and
V, represent distinct physiological events, but are both
related to an increase in blood lactate and a subsequent
1ncrease in VCO, in response to increased exercise inten-
sity.”! Each VT wﬂl be defined according to the V-slope
method or the ventilatory equivalent method, depending
on which plot most clearly illustrates the particular VT.”!
In addition, a plot showing the respiratory exchange ratio
will be used as an extra reference in order to support the
recognition of individual thresholds.”” Thresholds will
be determined independently by two researchers, with
the average value used for analysis.”” In case of devia-
tion of >5% for individual thresholds, the disparity will
be discussed and a mutual agreement will be found.”
Although 1 min stages seems short for the attainment
of steady state, the usage of 1 min stages have previously
shown to be efficient for the detection of VIs on a group
level, especially in paraplegics.”’

Other secondary outcomes

Shoulder pain

The prevalence and severity of shoulder pain will be
assessed using the Danish version” of the Wheelchair
Users Shoulder Pain Index (WUSPI)).”* WUSPI is a
valid and reliable measure of shoulder pain in manual
wheelchair users” The questionnaire uses a series of
visual analogue scales ranging from ‘no pain’ to ‘worst
pain ever experienced’, and it is a self-reported measure
of the prevalence and severity of shoulder pain during
different activities, such as dressing, bathing, transfer,
wheeling up and sleeping.”* Some participants may not
perform all of the 15 activities. To account for that, a
performance-corrected shoulder pain score (PC-WUSPI)
will be calculated by dividing the raw total WUSPI score
by the number of performed activities, multiplied by 15.”

Health-related quality of life (HRQOL)

HRQOL will be monitored using the Danish translated
version of the Short Form-36 (SF-36),” which is a reliable
and validated questionnaire to assess HRQOL within both
a physical and mental health domain.” Certain questions
of the SF-36 will be adapted to wheelchair use. Specifically,
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the questions referring to ‘walk’ and ‘stair-climbing’ is
substituted by the words ‘climb’ and ‘go up’, as previously
recommended.” Construct validity stays acceptable with
this modification.” Data will be scored using the RAND
36-item Health survey 1.0 method,” in which original
responses are transformed into a score from 0 to 100,
with 100 representing the best possible health. Individual
item scores are then averaged within domains to create
eight subscales, four representing physical QOL and four
representing mental QOL. For reporting of HRQOL, a
physical component summary score and a mental compo-
nent summary score will be created based on the average
of each component subscales.'”

Leisure-time physical activity

To determine the effects of the exercise intervention on
short-term (6 and 12 weeks follow-up) and long-term
(6 months follow-up) habitual physical activity, leisure-
time physical activity levels will be monitored using the
Leisure Time Physical Activity Questionnaire for People
with Spinal Cord Injury (LTPAQ-SCI).' In brief, the
LTPAQ-SClI is a valid and reliable self-reported measure of
leisure-time physical activity that assesses minutes of mild,
moderate and heavy intensity leisure-time physical activity
performed over the previous 7 days.'”’ Participants in
both the intervention and the control group will be asked
to complete the LTPAQ-SCI once every week throughout
the 12 weeks intervention period and again once during
the week leading up to the 6 months follow-up. In addi-
tion, completion of the LTPAQ-SCI will work as a training
diary for the intervention group, allowing us to monitor
leisure-time physical activity performed beyond the
amount related to the exercise intervention, which will
strengthen our ability to interpret the results from the
intervention.

Feasibility and acceptability of the exercise intervention
Satisfaction with the exercise intervention will be eval-
uated with the Feasibility and Acceptability Question-
naire.'”® In brief, participants will be asked to rate how
feasible and acceptable they consider the rowing exercise
to be on a Likert scale ranging from 1 (strongly disagree)
to b (strongly agree). The questionnaire consists of six
questions addressing issues such as how fun the exercise
was perceived; the difficulty level of the exercise and
whether they received appropriate guidance in how to
perform the exercise. A mean score of 23.0 will be used
as a criterion to indicate that the intervention is accept-
able.'” Additionally, compliance with the exercise inter-
vention will be recorded and presented as a compliance
rate (% participation). Compliance is defined as the
number of exercise sessions completed out of the total
number (36) of sessions.

Statistics

The between-group difference in changes of outcome vari-
ables will be examined from baseline to 6 weeks follow-up
(secondary endpoint), from baseline to postintervention

(12 weeks follow-up; primary endpoint) and again from
postintervention to follow-up 6 months later (secondary
endpoint).

Primary and secondary endpoint data are ratio and
interval data and will, therefore, be treated as continuous
variables. Between-group comparisons on the primary
and secondary endpoint will be dependent on data distri-
bution. We anticipate data to be approximately normally
distributed; however, before any analyses are commenced,
distribution of the data will be assessed through visual
inspection of Q-Q plots and histograms, complemented
by a test of deviation from normality (Shapiro-Wilk test).
Assuming normality, descriptive data will be presented as
mean+SD, and a two-way analysis of variance (ANOVA)
with repeated measurements will be used to evaluate any
significant changes in outcomes between (control and
exercise) and within (baseline, 6 weeks and 12 weeks
follow-up) groups from baseline to immediately after the
12 weeks intervention period. The same procedure will be
done for the 6 months follow-up (factor 1: group (control
and exercise), factor 2: time (baseline, 12 weeks and 6
months follow-up). Interactions between the factors will
be included in the model. In case of significant F-values,
post hoc testing will be used for multiple comparisons.
The effect size of change scores (Cohen’s d) will be calcu-
lated in order to determine the magnitude of difference
between groups. P values and 95% CIs will be reported
to facilitate interpretation of the results. Statistical signifi-
cance will be accepted at p<0.05.

Patient and public involvement

Neither participants nor public were involved with the
conception of the research question, study design or
outcome measures, nor will they be involved with study
conduction. The recruitment plan was partially planned
based on feedback from the patient population. Each
of the participants will receive a written summary of the
study results after publication.

Ethics and dissemination

Considerations are made regarding the regulation of arte-
rial BP in the participants.'” '** BP instability does occur in
cervical injured individuals (tetraplegics), who may suffer
from pronounced autonomic disturbances.'” '"* During
the VO, test and exercise sessions, special attention is
devoted towards potential symptoms of autonomic dysre-
flexia (AD)'” in individuals with SCI>T6. Participants
will be asked to empty their bladder before any testing
or training is commenced. In case of AD, the exercise
is stopped and the pertinent actions are made. Occur-
rences of postexercise hypotension'” and orthostatic
hypotension'?” are rather uncommon in individuals with
thoracic injury (paraplegics). According to the inclusion
criteria of the study, only individuals with a sparing of arm
flexor function (ie, excluding individuals with a complete
cervical injury =Cb participants) will be included in the
study, presumably reducing the number of included
individuals with impaired BP regulation. Nevertheless,
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in addition to reduced vasoconstrictor drive, the ability
to increase cardiac output is limited in individuals with
SCI=T5-T6 with interrupted cardiac sympathetic innerva-
tion, which could affect arterial BP stabilisation during
conditions in which peripheral vascular resistance is
further reduced (ie, during exercise). Therefore, to iden-
tify any participants who may be prone to experiencing
postexercise hypotension, BA BP will be monitored imme-
diately after, and again 5 min after the first VO, test. In
such cases, and assuming the hypotension is well toler-
ated, the participants will be reminded to drink appropri-
ately during and prior to any future training and testing.
Further, these participants will have their BP measured
every second interval (ie, every 10th min) during the
training sessions. If hypotension develops, the training
will be interrupted and hypotensive counter manoeu-
vres (placement in a supine position, or legs up) will be
applied. If the hypotension is not tolerated, such as if the
participants exhibit signs of nausea, light-headedness,
fatigue or presyncobal symptoms in response to either
the VO2peak test or the training, they will be excluded from
further participation in the study.

Another consideration is that individuals with SCI
suffer from impaired thermoregulation.'” Although
prolonged (60 min) moderate-intensity exercise in
warm conditions (>31°C) have been shown sustain-
able for some paraplegic and tetraplegic individuals,'"”
impaired thermoregulation makes individuals with SCI
more vulnerable to overheating compared with able-
bodied.'”® This is especially the case during conditions
of increased environmental temperatures and meta-
bolic heat production (such as when exercising in the
heat). The degree of thermoregulatory impairment
is closely related to the injury level, such that individ-
uals with higher injury (tetraplegics) exhibit higher
core temperatures during exercise compared with
lower injury individuals (paraplegics).m7 To diminish
the risk for overheating during testing and training, a
fan will be available for cooling of the participants and
the room temperature and humidity will be continu-
ously monitored to facilitate the conditions for dry and
evaporative heat loss. Moreover, the participants will
be asked to pay attention to proper hydration before
and throughout each training session. However, if the
participants demonstrate signs of any adverse response,
the exercise session will be terminated immediately and
further participation in the study will be reconsidered.
Any adverse responses from the intervention will be
reported to the regional health research committee. The
trial is reported to the Danish Data Protection Agency (
J.nr. 2019-899/10-0406), registered at ClinicalTrials.gov
on 15 May 2020, and approved by the Committees on
Health Research Ethics in The North Denmark Region
on 12 December 2019 (Journal-nr. N-20190053). Results
will be submitted to scientific journals related to exercise
and SCI for publication irrespective of study outcomes.

Data statement section

All participant data will be stored in a secure web-based
database (Redcap) with restricted access and ID code, in
accordance with data protection rules. Source documents
including date, visit# and participant ID will be scanned
and saved as electronic copies. Participant data will be
transferred directly or by use of an encrypted Universal
Serial Bus (USB) stick. Each participant will be assigned
an unique identification number, which will be the only
identifier exported from Redcap on data analysis. Except
for the blood samples, which will be stored until analysis,
or no more than 5 years, data will be stored for 5 years
after the termination of the trial. After this period, the
paper material is shredded, data files are erased and the
Redcap database is no longer accessible. The principal
investigator will have access to all trial data.
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