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Abstract
Study Design Observational, Cross-sectional.
Objective Examine the influence of mid (MP) and low (LP) paraplegia on cardiorespiratory fitness (CRF), energy expen-
diture (EE), and physical activity levels (PAL), and compare these data to able-bodied (AB) individuals.
Setting Academic medical center.
Methods Persons with MP (n= 6, T6–T8, 83% male, age: 31 ± 11 y, BMI: 24 ± 7 kg/m2) and LP (n= 5; T10-L1, 100%
male, age: 39 ± 11 y, BMI: 26 ± 5 kg/m2) and AB controls (n= 6; 67% male, age: 29 ± 12 y, BMI: 26 ± 5 kg/m2) partici-
pated. All participants underwent 45-min of arm-crank exercise where CRF and exercise EE were measured. Basal metabolic
rate (BMR) was measured, and total daily EE (TDEE) and PAL were estimated.
Results Absolute VO2Peak (MP: 1.6 ± 0.2, LP: 1.9 ± 0.1, AB: 2.5 ± 0.7 l/min), peak metabolic equivalents (MP: 6.8 ± 1.3, LP:
5.7 ± 0.7, AB: 8.8 ± 0.8 METs), peak power output (MP: 72.9 ± 11.5, LP: 86.8 ± 6.1, AB: 121.0 ± 34.8 Watts), and maximal
heart rate (MP: 177.7 ± 9.8, LP: 157 ± 13.6, AB: 185.2 ± 8.5 bpm) were significantly different between the three groups (p <
0.05). BMR and TDEE did not significantly differ between the three groups (p > 0.05), whereas exercise EE (MP: 7.8 ± 1.2,
LP: 9.5 ± 0.7, AB: 12.4 ± 3.5 kcal/min) and PAL (MP: 1.30 ± 0.04, LP: 1.32 ± 0.04, AB: 1.43 ± 0.06) significantly differed
(p < 0.05). In the AB group, 33.3% and 66.7% were classified as sedentary or having low activity levels, respectively, while
all persons with paraplegia were classified as sedentary according to PAL classifications.
Conclusion Individuals with MP and LP have lower CRF, exercise EE, and PALs compared to AB individuals.

Introduction

Maximal or peak oxygen consumption reflects the capacity
of body systems to adapt to exercise, and therefore cardi-
orespiratory health and deconditioning [1]. Individuals liv-
ing with a spinal cord jury (SCI) are among the most
physically deconditioned individuals. The physical decon-
ditioning is even more severe with higher levels of injury
and injury completeness [2]. After SCI, cardiorespiratory

health is significantly decreased as a result of injury-induced
physical deconditioning, impaired fitness, increased seden-
tary lifestyle [3], impaired ventilatory capacity, decreased
tidal volumes [4], sympathetic nervous systems dysfunction
[5], circulatory dysfunction [5–7], adaptive myocardial
atrophy [8], impaired cardiac output and stroke volume [3],
and altered endometabolic milieu that limits physiological
responses to exercise [9, 10].

Approximately one quarter of individuals with para-
plegia do not achieve a level of oxygen consumption on an
arm crank ergometry test sufficient to perform several
activities of daily living [11]. Several reports dichotomize
persons with paraplegia as above (“high paraplegia”) or
below T5/6 (“low paraplegia”), or consider all persons with
paraplegia as a singular study group. However, SCIs below
T5/6 include several thoracic, lumbar, and sacral injury
levels that present with specific differences in neurological
outcomes and various amounts of somatic and sympathetic
dysfunction. There is an increased prevalence of lower
motor neuron (LMN) injuries among individuals with and
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below a T9/T10 injury level [12]. LMN injuries lead to
skeletal muscle atrophy [12, 13], hypotonia, fibrillations in
the muscles, and flaccid paralysis in the lower limbs [12].
LMN injuries further prevent the use of electrical stimula-
tion therapies to reverse the atrophy and increase energy
expenditure (EE) [14, 15]. Somatic denervation of the
thoracoabdominal muscles results in the successive level of
injury-dependent loss of core/trunk stabilizers, muscles of
respiration, and restrictive pulmonary disease [4]. The
sympathetic nervous system is also affected. Sympathetic
innervation of the splanchnic vascular bed of the foregut is
mainly derived from the greater (thoracic) splanchnic nerve
at the levels of T5-T9/10 [16], while sympathetic innerva-
tion of the lower limb is derived from neurons in the lower
thoracic (T10–T12) and upper lumbar (L1, L2) spinal cord
segments [17]. The loss of sympathetic innervation at or
below the T9/T10 spinal level to a large portion of the gut
and the lower limb comprises a significant loss in the reg-
ulation of blood pressure. The paucity of literature evalu-
ating physiologic responses to exercise in mid (MP; T5/6-
T8/9) and low (LP; T9 and below) paraplegia is alarming
given that paraplegia accounts for nearly 40% of SCI
[18, 19].

Total daily energy expenditure (TDEE) is the sum of the
thermic effect of food, the thermic effect of physical
activity/exercise, and basal metabolic rate (BMR) [20]. The
impact of an SCI on EE remains relatively controversial
because BMR considerably varies based on the influences
of sex, injury completeness, level of injury, and body
habitus [21–23]. A recent systemic review by Farkas et al.
[21], reported that close to 70% of the studies evaluating the
influence of level of injury on metabolic rate fail to report a
significant difference between individuals with tetraplegia
and paraplegia. This may be a consequence of including a
heterogenous sample of thoracic, lumbar, and/or sacral level
of injuries and injury completeness.

Exercise EE is a key consideration as it is the most
variable component of TDEE [20, 21, 24]. Because TDEE
depends on activity level, taking into account the amount of
physical activity/exercise is essential. The level of physical
activity is commonly described by the World Health
Organization as the ratio of TDEE to BMR (TDEE/BMR).
This ratio is known as the physical activity level (PAL).
PALs are a universally accepted way of expressing EE that
account for body composition [25]. Nightingale et al. [26]
reported a PAL of 1.20 to 1.85 in persons with chronic
T1-L4 paraplegia representing a range of 65% among study
participants. To date, no studies have compared PALs in
persons with MP and LP.

The characterization of the cardiorespiratory capacities
and EE of both persons with tetraplegia and high paraplegia
has been previously studied, but to the authors’ knowledge,
no studies have investigated the effects of mid and low

levels of paraplegia on these parameters. The purpose of
this study was to examine the influence of MP and LP on
cardiorespiratory fitness (CRF), EE, and PAL, as well as
compare these data to able-bodied (AB) individuals.

Methods

Protocol overview

All participants had a complete history, physical examination,
and completed a graded maximal exercise test at the host
institution. Once cleared for participation, participants were
scheduled to begin the study within two weeks of the physical
exam. The study schedule consisted of a three-day, two-night
stay at the General Clinical Research Center (CRC). On the
first day, participants reported to the testing laboratory for an
assessment of body composition and to be admitted to the
CRC. The following morning, BMR was measured. On the
third morning of the participants’ stay, a 45-min moderate-
intensity exercise bout was completed and participants were
then discharged from the CRC. Participants were provided
lunch and dinner during their stay at the CRC.

Participants and physical exam

All participants were recruited from the host institution over
the course of a year and a half. Inclusion criteria were male
and female participants between the ages of 18 and 65 years
(with maximum age chosen to avoid any confounding
effects of age on body composition) with chronic (≥one-year
post-injury) motor complete paraplegia (American Spinal
Injury Association Impairment Scale (AIS) A and B) [27]. In
addition, healthy AB, self-identified inactive adults were
recruited for participation in the study. Exclusion criteria
included individuals in an exercise program within the past
three months; smokers; individuals with excessive alcohol
consumption (≥2 drinks/day); individuals with known car-
diovascular disease, diabetes (either type), hypothyroidism,
and/or renal disease; uncontrolled autonomic dysreflexia
(cases unresolved by removing the noxious stimulation);
recent venous thromboembolism; pressure injuries (>grade
II); or heterotopic ossification involving the upper limbs.
This study was approved by the Institutional Review Board
at the host institution and all participants completed
informed consent prior to participation in the study.

All participants with SCI underwent a complete physical
examination by a board-certified Spinal Cord Medicine
Physiatrist prior to participation. The physical examination
included a collection of demographic information (age, sex,
level of injury, and time since injury), a medical history,
AIS examination [27], 12-lead resting electrocardiogram,
and resting blood pressure.
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Graded maximal exercise test

Participants underwent a graded maximal exercise test on an
arm crank ergometer (ACE) (Monark 881 Arm Crank
Ergometers) with a TrueMax 2400 (ParvoMedics, Salt Lake
City, Utah) metabolic measurement system. This allowed
for the classification of results in relation to cardiovascular
conditioning, provided exercise intensity during the 45-min
exercise bout, and screened for potential contraindications
for participation in the submaximal exercise bout. A stan-
dard, discontinuous ACE protocol was used with an initial
resistance of 36 watts and a metronome-guided crank rate of
50 revolutions per minute. A warm-up stage of three min-
utes was used at this work rate, with subsequent three-
minute stages of 12-watt increments used until exhaustion.
Peak oxygen consumption (VO2Peak), respiratory exchange
ratio (RER), metabolic equivalents (METs; calculated using
3.5 mL of oxygen per kilogram of bodyweight per minute),
and power output were recorded. Blood pressure and rate of
perceived exertion were repeatedly monitored every ten
minutes throughout the test, while heart rate (HR) as
assessed through a 12-lead II electrocardiogram (Quinton
Q710 ECG system, Milwaukee, Wisconsin) was con-
tinuously observed. All participants with paraplegia were
tested in their own stabilized wheelchair with appropriate
seating, truncal stability, leg wraps, abdominal binder, and
protective hand mitts that were secured to the ACE pedals.

Body composition

Fat mass (FM), total percent body fat (%BF), fat-free mass
(FFM), lean body mass (LBM), bone mineral content
(BMC), and bone mineral density (BMD) were measured
using dual x-ray absorptiometry (DXA) according to pre-
viously published methods [22]. The scans were performed
after lying supine for a minimum of 20 minutes to reduce
fluid shift. All scans were performed using a Lunar Prodigy
Advance (Lunar Inc., Madison, Wisconsin), and were per-
formed and analyzed by a certified DXA operator using
Lunar software (version 10.5).

The submaximal exercise session

Participants in all three groups completed a single, high-
intensity bout of supervised exercise. The exercise bout con-
sisted of three 15-min bouts of ACE at ~75% VO2, monitored
by HR, for a total of 45minutes of aerobic exercise. This load
was chosen for testing of persons with paraplegia because
oxygen consumption is dependent on level of SCI [3]. Each
15-min bout of activity was interspersed with two to three
minutes of rest. VO2Peak, RER, peak METs, and peak power
output were recorded. Peak was defined as the highest
observed value during the submaximal exercise test [28].

HR, blood pressure, and rating of perceived exertion were
monitored throughout the test. HR was monitored and
recorded in 60-second intervals using the Polar Vantage NV
belt (Polar Inc., Finland) that was attached to an elastic strap
placed around the xiphoid process of the sternum of the
participant. Blood pressure was recorded by the auscultatory
technique using a sphygmomanometer and a stethoscope
before the exercise bout, after each 15-minute exercise stage,
and after completion of the exercise bout. Rating of perceived
exertion was obtained using the Borg 6–20 category scale.
This exercise bout occurred only once during the study.

Energy expenditure

Basal metabolic rate. Following an overnight fast for
10–12 h, BMR was measured according to previously pub-
lished methods [22]. BMR measurements began at ~6:00
AM. Participants were in a dark room in a supine position
for 20 minutes to achieve a resting steady state. During this
time, BMR was measured using indirect calorimetry with
Deltatrac Metabolic Monitor (Datex-Ohmeda, Helsinki,
Finland) and a canopy that covered the head and neck.

Total daily energy expenditure. TDEE was estimated
according to the Farkas et al. SCI-specific prediction equation
as the product of BMR and 1.15 for persons with paraplegia
[22]. For AB individuals, TDEE was estimated using the
product of BMR and 1.2 according to Long et al. [29].

Exercise energy expenditure. Total exercise energy
expenditure (EEETotal) and exercise energy expenditure per
minute (EEEMinute) were determined during the submaximal
exercise session. EE during the exercise bout was calculated
using stochiometric equations assuming that urinary nitro-
gen excretion was negligible due to the participants being
diet and body mass stable and not having renal diseases as
previously described [30, 31]:

Physical activity levels

PAL was determined as the ratio of TDEE to BMR. TDEE
for PAL was determined by summing the BMR, the thermic
effect of physical activity as determined by the EEETotal, and
the thermic effect of food. The thermic effect of food was
predicted as 8% of TDEE for the AB controls and 5% for
persons with SCI according to previously published litera-
ture [21, 32]. PAL classifications were defined according to
Ohkawara et al. [33]. The authors classified a PAL of
1.0–1.39 as sedentary activity, 1.4–1.59 as low activity,
1.6–1.89 as active, and 1.9–2.49 as very active [33].

Data and statistical analysis

Individuals with paraplegia were subdivided into MP and
LP using T9 as the demarcation point [12, 34]. T9 was
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chosen given the increased prevalence of LMN injuries
below T9/T10 [12], sympathetic innervation of the
splanchnic vascular bed ends at T9/10 [16], and sympathetic
innervation of the lower limb begins at T10 [17].

Absolute VO2Peak (in L/min) was used to determine
VO2Peak relative to bodyweight (mL/kg of bodyweight/min),
and DXA-assessed LBM (mL/kg of LBM/min) and FFM
(mL/kg of FFM/min). All data were visually checked for
normality with histograms and with the Shapiro-Wilk test of
normality. An independent sample t-test was used to eval-
uate time since injury between persons with MP and LP.
Comparisons among the groups with paraplegia and the AB
controls were completed using one-way analysis of variance
(ANOVA) with Tukey’s post hoc test when significance
was < 0.05. The level of significance was set at alpha <5%.
All analyses were performed using SPSS 26.0 (IBM,
Armonk, New York).

Results

Demographics and body composition

Table 1 presents demographic and body composition
characteristics. Time since injury ranged from 1.1 to 16.3
and 4.0 to 19.2 years post-injury in persons with MP and
LP, respectively. No significant differences in demo-
graphic parameters were observed between individuals
with MP and LP and the AB control group (p > 0.05). %
BF, FM, and BMD were significantly different between
the groups (p ≤ 0.047; Table 1). Post hoc analysis revealed
%BF and FM were significantly greater in persons with LP
compared to persons with MP and the AB controls (p ≤
0.012). There were no significant differences in percent
body fat and FM between individuals with MP and AB
controls. BMD was significantly lower in persons with MP
relative to AB controls (p= 0.042). All other body com-
position variables were not significantly different (p >
0.05; Table 1).

Cardiorespiratory fitness

Figure 1 presents peak oxygen consumption in persons
with MP and LP and the AB controls. Absolute VO2Peak

(Fig. 1a; MP: 1.55 ± 0.23, LP: 1.89 ± 0.14, and AB:
2.46 ± 0.69 L/min, p= 0.011) and VO2Peak relative to
bodyweight (Fig. 1b; MP: 23.90 ± 4.73, LP: 20.48 ± 1.96,
and AB: 30.80 ± 2.85 mL/kg BW/min, p= 0.001), LBM
(Fig. 1c; MP: 30.73 ± 4.55, LP: 34.4 ± 5.55, and AB:
39.65 ± 2.96 mL/kg LBM/min, p= 0.012), and FFM
(Fig. 1d; MP: 29.01 ± 4.16, LP: 32.43 ± 5.30, and AB:
37.41± 2.89 mL/kg FFM/min, p= 0.012) were sig-
nificantly different across the three groups. Tukey’s post

hoc analysis demonstrated a significantly higher VO2Peak

relative to bodyweight in AB controls compared to both
persons with MP (p= 0.010) and LP (p= 0.001), while
no significant differences were found between MP and LP
(p= 0.266). Persons with MP had a significantly lower
absolute VO2Peak (p= 0.009) and VO2Peak relative to LBM
(p= 0.009) and FFM (p= 0.009) compared to AB con-
trols. No significant differences were found between LP
and both AB and MP (p > 0.05). Peak METs and peak
power output was significantly different across MP, LP,
and the AB controls (p ≤ 0.006). Tukey’s post hoc analysis
demonstrated a significantly higher peak METs in AB
controls compared to both persons with MP and LP (p ≤
0.010), while no significant differences were found
between MP and LP (p > 0.05; Table 2). Peak power
output was significantly greater in the AB controls com-
pared to persons with MP (p= 0.006), while it approached
a significant difference between the AB controls compared
to persons with LP (p= 0.056). Maximal HR (MHR) was
significantly different across the three groups (p= 0.002)
with post hoc analysis revealing a significantly lower rate in
persons with LP compared to the two other groups (p ≤
0.016). No differences were found between the AB controls
and persons with MP (p > 0.05). All other CRF variables
were not significantly different (p > 0.05; Table 2).

Energy expenditure

EE data are shown in Table 3. BMR and TDEE did not
significantly differ between persons with MP, LP, and the
AB controls (p= 0.432 and p= 0.352, respectively).
EEETotal and EEEMinute during the submaximal exercise test
were significantly different across the groups (p= 0.011 for
both). Tukey’s post hoc analysis showed that the AB con-
trols expended a significantly greater amount of energy
compared to MP (p < 0.0009), whereas there were no dif-
ferences noted between the LP and the AB controls
(p= 0.121) and MP (p= 0.444). No other variables were
significantly different (p > 0.05; Table 3).

Physical activity levels

PALs were significantly different between persons with MP
(1.30 ± 0.04), LP (1.32 ± 0.04), and the AB controls (1.43 ±
0.06) (p= 0.001). Post hoc analysis determined a sig-
nificantly greater PAL in the AB controls compared to the
MP (p= 0.001) and LP (p= 0.005). No significant differ-
ences were found between MP and LP (p= 0.758). Using
the classification system by Ohkawara et al. [33], 33.3 and
66.7% of the AB controls were classified as sedentary or
having low activity levels, respectively. In persons with
paraplegia, 100% of the participants, regardless of their MP
or LP injury level, were classified as sedentary.
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Table 1 Demographic and body
composition characteristics of
study participants.

Mid Paraplegia Low Paraplegia Able-bodied
Controls

p-value

Sample size (n) 6 5 6 0.943

Age 31.42 (11.33) 38.80 (11.29) 28.74 (11.92) 0.363

Gender (M/F) 5/1 5/0 4/2 0.931

Body mass (kg) 67.93 (20.68) 93.00 (12.90) 79.42 (20.19) 0.120

Height (cm) 169.92 (11.68) 176.70 (7.50) 175.00 (7.16) 0.449

Body mass index (kg/m2) 23.54 (6.83) 29.87 (4.56) 25.70 (5.32) 0.218

Time since injury (y) 4.98 (5.82) 10.13 (5.73) NA 0.175

AIS (A/B) 5/1 5/0 NA NA

Level of Injury T6–T8 T10-L1 NA NA

Body fat (%) 26.94 (7.36) 42.02 (7.80) 23.85 (5.99) 0.002a

Fat mass (kg) 16.63 (12.73) 33.53 (7.73) 14.06 (6.46) 0.009b

BMD (g/cm2) 1.19 (0.07) 1.24 (0.12) 1.36 (0.12) 0.047c

FFM (kg) 54.08 (10.05) 59.47 (11.22) 65.36 (16.52) 0.352

LBM (kg) 51.25 (9.77) 56.02 (10.75) 61.71 (15.81) 0.375

Data are presented as mean (SD).

AIS American Spinal Injury Association impairment scale, BMC bone mineral content, BMD bone mineral
density, FFM fat-free mass, LBM lean body mass.
aPost hoc analysis: AB vs. MP, p= 0.752; AB vs. LP, p= 0.002; MP vs. LP, p= 0.012.
bPost hoc analysis: AB vs. MP, p= 0.890; AB vs. LP, p= 0.010; MP vs. LP, p= 0.030.
cPost hoc analysis: AB vs. MP, p= 0.042; AB vs. LP, p= 0.200; MP vs. LP, p= 0.732.

Fig. 1 Peak oxygen consumption (VO2Peak) in persons with mid
paraplegia (MP, n= 6), low paraplegia (LP, n= 5), and the able-
bodied controls (AB; n= 6). Absolute VO2Peak (a) and adjusted
VO2Peak to body weight (BW) (b), adjusted VO2Peak to lean body mass
(LBM) (c), and adjusted VO2Peak to fat-free mass (FFM) (d) by study

group. One-way ANOVA p-values are presented on the bottom right
of each panel. *Significant different between MP and AB by Tukey’s
post hoc, p ≤ 0.009; **Significant different between LP and AB by
Tukey’s post hoc, p ≤ 0.01.
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Discussion

The purpose of this paper was to examine the influence of
MP and LP on CRF, EE, and PALs, as well as compare
these data to AB individuals. Data from this study
demonstrate that persons with MP and LP have a sig-
nificantly lower cardiorespiratory response to exercise, and
persons with MP have a significantly lower exercise EE
compared to AB controls. We also demonstrated sig-
nificantly lower PALs in both groups with paraplegia
compared to the AB controls.

Cardiorespiratory fitness

Cardiorespiratory responses were significantly lower for
persons with MP and LP compared to AB controls. Speci-
fically, we demonstrated a significantly reduced VO2peak

relative to bodyweight and peak METs in persons with MP
and LP compared to the AB controls, but absolute VO2peak,
VO2peak relative to LBM and FFM, and peak power output
were significantly lower in persons with MP compared to
the controls. Similarly, Holmlund et al. [35] reported that
persons with higher level of injuries had levels of oxygen
consumption ~50% lower than individuals with paraplegia
during exercise activities. As opposed to AB individuals,
persons with SCI have significant lower limb venous
pooling due to paralyzed lower limb muscle pumps and
inferior vena cava dilation due to sympathetic blunting
limiting preload during exercise. However, individuals with
higher levels of injury (e.g., MP) have greater paralysis of
segmentally innervated muscles, such as intercostal (e.g.,
external, internal, and innermost), abdominal (e.g., rectus
abdominis and external and internal abdominal oblique),
intrinsic back (e.g., iliocostalis and longissimus), and
levatores costarum muscles that act as the accessory mus-
cles of respiration during exercise [36]. The greater loss of
active muscle mass in those with MP likely explains the
significantly reduced absolute VO2Peak and peak power

output during exercise compared to those with LP and the
AB controls. This is because both persons with LP and AB
controls would have more active muscle mass to use for
stabilization and as a fulcrum to increase their maximal
performance. In the present study, although FFM and LBM
were not significantly different between both groups with
paraplegia and the AB controls, LBM was nearly 19%
lower in persons with MP and 10% lower in persons with
LP when compared to the AB controls. Therefore, it is
reasonable to conclude that the difference in lean mass (i.e.,
metabolically active tissue), while nonsignificant, may
explain the lower CRF during exercise in MP compared to
the AB controls and LP.

The significantly higher MHR in those with MP com-
pared to persons with LP can be explained by a greater
circulator hypokinesis in the former group [8, 37]. The
circulator hypokinesis caused by venous insufficiency and
blood pooling below the level of injury would result in a
reduced stroke volume and a compensatory tachycardia that
stems from an enhanced sympathetic activity. The enhanced
sympathetic activity would occur because of the intact
sympathetic innervation of the cardiac myocardium in
persons with MP [38–40]. At higher exercise intensities, as
in this study, the greater sympathetic activity in persons
with MP may explain the higher MHR, while those with LP
may have a milder form of circulator hypokinesis that is not
compensated by an increase in heart rate through sympa-
thetic activity. Healthcare professions may consider pro-
viding elastic compression stockings and an abdominal
binder for persons with MP to mitigate the effects of the
circulatory hypokinesis.

Energy expenditure

When compared with the AB individuals, exercise EE in
persons with SCI is reduced with values representing 30 to
75% of AB values [41]. In the present study, exercise EE at
75% VO2peak was 63% of the AB controls for persons with

Table 2 Cardiorespiratory fitness in persons with mid (MP) and low (LP) paraplegia and the able-bodied (AB) controls.

One-way analysis of variance Tukey’s post hoc comparisons

MP (n= 6) LP (n= 5) AB (n= 6) p-value AB vs. MP AB vs. LP MP vs. LP

Respiratory exchange ratio 1.19 (0.12) 1.18 (0.09) 1.08 (0.12) 0.175 NS

Peak metabolic equivalents
(METs)

6.83 (1.33) 5.74 (0.66) 8.82 (0.82) 0.001 0.010 0.001 0.201

Peak power output (Watts) 72.93 (11.49) 86.76 (6.05) 121.00 (34.84) 0.006 0.006 0.056 0.570

Resting heart rate (bpm) 84.17 (20.31) 73.60 (11.26) 65 (9.42) 0.112 NS

Maximum heart rate (bpm) 177.67 (9.83) 157.00 (13.57) 185.17 (8.50) 0.002 0.460 0.002 0.016

Rate of Perceived Exertion 19.17 (1.33) 19.75 (0.50) 18.67 (2.34) 0.618 NS

Data are presented as mean (SD).

BW bodyweight, FFM fat-free mass, LBM lean body mass, NS not significant.
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MP and 77% for LP. The difference in exercise EE may
stem from a difference in the absolute intensity participants
used during the session. Similar to the present study’s
findings, Gass and Camp [18] reported an EE of 9 kcal/min
for persons with T10-L3 paraplegia performing wheelchair
exercise at 60 to 65% VO2peak. Abel et al. [42] reported the
physiological responses to hand biking during a marathon
competition in an SCI athlete with a T4 level of injury. The
EE was 7.7 kcal/min, close to persons with MP in the pre-
sent study, but below that of LP [42]. Campbell et al. [43].
examined 12 wheelchair athletes with various levels of
paraplegia and reported an expended 5.2 kcal/min at 70%
VO2Peak during a 60-minute wheelchair exercise session.
Similarly, Price and Campbell [44] observed an exercise EE
of 6.4 kcal/min at 60% VO2Peak in wheelchair athletes with
SCI exercising for 60 min. In another study by Price and
Campbell [45, 46], the authors reported an exercise EE of
6.5 and 6.6 kcal/min in 10 persons with SCI at 80% peak
heart rate and 60% VO2Peak, respectively. Kressler et al. [47]
reported that 12 people with chronic paraplegia under T1
level of injury underwent a multistage graded exercise test
to volitional exhaustion and expended 2.5, 2.8, 3.5, 4.7, and
11.1 kcal/min at five different stages corresponding with
low to high power output. Several of these values are below
the current study’s finding because the participates in the
aforementioned studies were from heterogenous study
groups, including persons with T3/4 to L1 paraplegia and a
single individual with C6/7 tetraplegia, individuals that had
traumatic SCI or spina bifida, SCI athletes, and/or per-
formed exercise at various intensities.

Physical activities levels

Persons with SCI have frequently been placed on the lowest
end of the human fitness continuum, even compared to
sedentary persons without SCI [48, 49]. The majority
(~67%) of the AB controls in the present study were clas-
sified as having low activity levels while all the participants
in the paraplegia groups, regardless of the level of injury,
were sedentary. Mean PAL of persons with MP (1.30 ±
0.04) and LP (1.32 ± 0.04) were significantly lower than the
AB controls (1.43 ± 0.06) in the present study and what is
reported in AB adults in the general population (1.64–1.85)
[50]. Buchhloz et al. [23] reported a mean PAL of 1.6 in
chronic paraplegia, which was indicative of low activity
according to the Ohkawara et al. criteria [25, 33]. Night-
ingale et al. [26, 51] reported a mean PAL of 1.4 among 33
persons with motor complete T1-L4 paraplegia. A PAL of
1.4 is considered as a low PAL according to Ohkawara et al.
criteria [25, 33]. While both Buchhloz et al. [23] and
Nightingale [51] evaluated chronic paraplegia in their stu-
dies, levels of injury included high, mid, and low para-
plegia, which could potentially confound the true PALTa
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value. Nonetheless, AB individuals likely have a greater
PAL capacity because of a greater whole-body lean mass
compared to persons with paraplegia as persons with motor
complete paraplegia cannot use their lower trunks and/or
lower limbs in daily activity.

TDEE and BMR cannot always be measured for the
determination of PAL. However, quantification of TDEE
can occur through estimation using the correction factor
developed by Farkas et al. [22], and BMR can be estimated
either the Chun et al. [52], or Nightingale and Gorgey
prediction equations [53]. These quantities can then be used
to determine PAL and quantify the amount of activity or
sedentary behavior in persons with SCI. PAL presents an
easy method to quantify and classify sedentary behavior in
persons with SCI and future research should further study
PALs in individuals with tetraplegia (≥C8) and high (T1-T5/
6), mid T6–T8/9), and low (≤T9) paraplegia.

Limitations

This study is not without limitations. Small sample size
was present in both groups with paraplegia and the AB
controls, creating the opportunity of a type 2 error. We did
not include individuals with high paraplegia or tetraplegia,
although several articles have previously investigated the
influence of higher levels of injury on body composition
and metabolic responses to exercise [22, 35, 52–57]. TDEE
was predicted and not measured, which could result in a
nonsignificant overestimation of the TDEE [21]. However,
the correction factor used to estimate TDEE is SCI-specific,
thereby limiting the overestimation [22]. Because PAL is
calculated as the ratio of TDEE to BMR, the calculation is
influenced by the inherent association of BMR in the
estimate of TDEE. Therefore, PAL may not be as accurate
as if TDEE were measured using a respiratory chamber.
Future research should assess TDEE and BMR in a
respiratory chamber and determine a PAL that is more
precise for persons with MP and LP.

Conclusion

In conclusion, CRF, exercise EE, and PALs in persons with
MP and LP were lower than for AB controls. These data
emphasize that persons with MP and LP are at the end of
the activity spectrum and help explain the high incidence of
obesity within the SCI population, even at lower levels of
injury. The evidence from the present study highlights the
need for persons with paraplegia to engage in exercise at an
increased frequency, duration, and/or intensity to increase
exercise EE, increase metabolic rate, and reduce sedentary
behavior. It is likely individuals with MP and LP need to

engage in increased physical activity/exercise to achieve a
PAL ≥ 1.8 to mitigate the effects of post-SCI changes in
body composition, sedentary behavior, and cardiometabolic
risk. Future studies should consider tailoring exercise pro-
grams prescribed on the basis of high (T1-T5/6), mid (T7-
T8/9), and low (T9/10 and below) paraplegia given the
injury level-specific responses to exercise.

Data archiving/availability

The dataset generated and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request, given approval is provided by University’s
Institutional Review Board.
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