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Abstract
Study design Descriptive.
Objective The present aim was to define accelerometer cut-point values for wrist-worn accelerometers to identify absolute-
and relative-intensity physical activity (PA) levels in people with motor-complete paraplegics (PP) and tetraplegics (TP).
Settings Rehabilitation facility in Sweden.
Methods The participants were 26 (19 men, 7 women) with C5–C8, AIS A and B (TP) and 37 (27 men, 10 women) with
T7–T12 (PP), AIS A and B. Wrist-worn accelerometer recordings (Actigraph GT3X+) were taken during seven standar-
dized activities. Oxygen consumption was measured, as well as at-rest and peak effort, with indirect calorimetry. Accel-
erometer cut-points for absolute and relative intensities were defined using ROC-curve analyses.
Results The ROC-curve analyses for accelerometer cut-points revealed good-to-excellent accuracy (AUC >0.8), defining
cut-points for absolute intensity (2, 3, 4, 5, 6, 7 METs for PP and 2 to 6 METs for TP) and relative intensity (30, 40, 50, 60,
70, and 80% for PP and 40–80% for TP). The cut-points for moderate-to-vigorous physical activity was defined as ≥9515
vector magnitude counts per minute (VMC) for PP and ≥4887 VMC/min for TP.
Conclusion This study presents cut-points for wrist-worn accelerometers in both PP and TP, which could be used in clinical
practice to describe physical activity patterns and time spent at different intensity levels.

Introduction

Regular physical activity (PA) and the avoidance of pro-
longed daily sitting are important indicators for cardiovas-
cular health, and affect health and function independently in

the general population [1]. Persons with a spinal cord injury
(SCI) and especially motor-complete paraplegia (PP) and
motor-complete tetraplegia (TP), have lower PA levels and
more sedentary than the general population [2, 3]. This may
contribute to an increased incidence of cardiovascular dis-
ease (CVD) in the SCI population [4, 5]. Persons that are
active at moderate-to-vigorous intensity PA (MVPA) for
150 to 300 min per week decrease the risk of CVD, in the
general population [6]. The MVPA recommendation also
has other health benefits such as maintaining healthy body
weight and increasing physical function [6]. No similar
robust, evidence-based recommendations are available for
the SCI population, and proposed SCI guidelines have not
yet been clinically established [7, 8].

Different methods are used to support and motivate per-
sons to be more physically active. One of the most common
methods, in the general population, to objectively measure
PA intensity pattern is to use lightweight movement sensors,
termed accelerometers [9] to record the acceleration of the
wearer’s movement. The accelerometer provides a sub-
sequent objective record of the absolute intensity, frequency
and duration of the activity, summarized in ‘counts’ units.
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In the general population, specific cut-points to describe
intensity levels are available. For example, MVPA intensity
is often described as mean counts per minute equal to three
metabolic equivalents (METs). This describes intensity in
absolute terms as multiples of resting energy expenditure
(REE), where REE= 1 kcal kg h−1 [6, 10–13]. Nonetheless
research to develop SCI-adapted cut-points is scarce and the
results are equivocal [14, 15]. Using values from the general
population to describe intensity levels is not feasible, since
REE is lower (2.5–3.1 ml O2·kg

−1·min−1) in the SCI
population, with large intra-individual variance [16–19].

However, PA intensity may also be described in relative
terms as intensity in relation to individual maximal aerobic
capacity, as % of maximal oxygen uptake (VO2max or
VO2peak). Relative intensity is recommended for populations
where VO2peak is under 10 METs (35 ml O2·kg

−1·min−1)
[10]. The SCI population, especially individuals with TP, is
one such specific population with lower physical function
(VO2peak 5–10 MET) [10] due to autonomic response to PA.

Defining and developing SCI-specific cut-points, pre-
ferably separate cut-offs for PP and TP, for different intensity
levels is essential to be able to objectively evaluate PA in
free-living in research and to promote PA in clinical practice.

Hence, the present study aimed at defining accelerometer
cut-points values for PP and TP with wrist-worn Actigraph
GT3X+ for absolute and relative intensities, based on
indirect calorimetry at resting, during activities and peak
effort. Secondly, the study sought to propose accelerometer
based cut-points for light, moderate and vigorous intensity
levels for persons with PP and TP.

Methods

The present study included a convenience population-based
sample with 63 men and women with SCI. Thirty-seven
(27 men, 10 women) had a motor-compete PP and
26 (19 men, 7 women) had a motor-complete TP. Inclusion
criteria were SCI injury level C5–C8 (TP) and T7–T12
(PP); AIS A and B motor-complete, ≥1 year post-injury, age
≥18 years, with minimal spasticity (Baclofen treated), as
reported on the spasm frequency scale (Penn) [20]. Exclu-
sion criteria were known coronary artery disease, angina
pectoris and chronic congestive heart failure, chronic
obstructive pulmonary disease, hormone replacement ther-
apy, or shoulder pain. Recruitment was through advertise-
ments on SCI-specific websites and by word-of-mouth.

Assessment of VO2 during rest

REE was assessed in a laboratory (thermoneutral environ-
ment) with indirect calorimetry (The Oxycon Pro, Hoech-
berg Germany) in the morning after fasting overnight (8 h)

[21]. All participants were instructed to avoid any vigorous
activity 12 h before the test and to empty the bladder before
the test began. The participants were placed in supine
position and inspired/expired gases were measured using a
ventilated hood for 30 min The lowest steady VO2 recorded
for at least 10 min was used to calculate REE. Prior to
testing, the metabolic equipment was calibrated with built-
in procedures and verified with reference gases.

Assessment of VO2 during the standardized
activities

This study is part of a larger project that includes data from
oxygen consumption during 14 standardized activities
[18, 19]. For the present study only six activities were
included based on the way the activity is performed. Thus
weight training, arm crank and ski-ergometer were excluded
since the accelerometer cannot detect individual resistance
(weight kg or Watt) for these activities. The activities
included were, watching TV, computer work, wheeling
indoors (standardized track on wooden floor), setting table
(standardized track), wheeling outdoors (standardized track
on asphalt) Borg rating of perceived exertion (RPE) 10–11,
wheeling outdoors (standardized track asphalt) Borg RPE
13–14 [18, 19]. These activities capture intensity levels from
sedentary to vigorous. In brief, each activity was performed
for 6–7 min to be able to reach steady state. Heart rate (beats
per minute) and speed (kilometers per hour) were measured
together with oxygen consumption. Oxygen consumption
was measured with indirect calorimetry (The Oxycon
Mobile, Hoechberg Germany) and the systems were cali-
brated and verified with reference gases and room air before
the start of each test in a new room and when changin from
one person to another. The steady-state values for the last 3
min VO2 in L·min−1 were used to calculate % of VO2peak and
MET- values that were used in the ROC-analysis. The pro-
cedures are more thoroughly described in previous articles
[18, 19]. Bodyweight was measured to the nearest 0.1 kg and
height was self-reported and HR was measured with chest-
strap (Polar) connected to the Oxycon Mobile and time spent
in moderate activity with validated questioner [22].

Assessment of VO2 during peak effort

The arm-ergometer (Ergomedic 891E Monark, Sweden)
was placed on a height-adjusted table and the participant
was seated in their own wheelchair. Individuals with poor
hand function brought their own gloves and all participants
were asked whether they wanted to be strapped to the
wheelchair to retain upper-body balance. The test began
with warm-up (3 min), followed by a short break, before
being incremented until exhaustion [23, 24]. An individu-
ally designed protocol to achieve peak VO2 according to
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international laboratory procedures and previous studies
[24] included self-paced cadence starting between 70 and
90 revolutions per minute (rpm) and ending around 100 to
120 rpm [25]. The resistance was chosen depending on level
of injury and exercise status based on the test result from
arm-ergometer during the same day. The resistance was
subsequently increased (each minute) by 0.25 kg for TP
subjects with low (10W or 15W) resistance during
arm ergometer work and 0.5 kg for those with high (20W or
25W). For PP participants the resistance was increased by
0.5 kg for those with 36W resistance during arm ergometer
exercise and 0.75 kg for those with 42W. The last 2–3 min
of the test were individually managed according to the
participant’s state of exhaustion as evaluated from visual/
auditory contact (Borg RPE). The anticipated time to
exhaustion was between 6 and 12 min. VO2 and HR during
the test was measured continuously with a mobile open-
circuit system (Jaeger Oxycon Mobile system (Hoechberg,
Germany). All data were analyzed as 10-second averages
and VO2peak was determined from the highest mean value
during 30 seconds. Criteria for acceptance (all was needed)
of the VO2peak measurement were: “levelling off” of VO2

despite increased resistance, RPE above 16, test time more
than 6 min, supported by a respiratory quotient (RQ/RER)
greater than 1.1. None of the participants wore leg wraps
and/or abdominal binders.

Accelerometer measurements

The participants were fitted with the GT3X+ activity
monitor (ActiGraph, Pensacola, FL) at the wrist of
the dominant hand. A small (3.8 × 3.7 × 1.8 cm), lightweight
(27 g) electronic device, the activity monitor recorded the
acceleration of the participant´s movement in three axis/
dimensions, providing an objective record of the intensity,
frequency and duration of the activity performed during wear
time, summarized in “counts” units. The activity monitor
were worn during all activities and correlated to oxygen
consumption (absolute and relative) and HR. The accel-
erometer was initialized and data downloaded and processed
using the ActiLife v.6.10.1 software. Raw data sampling
frequency was set to 30 Hz, and extracted as 60-s tri-axial
epochs using vector magnitude as accelerometer output.

Data analysis

All VO2 data were analyzed using JLAB, Carefusion
(Germany 234 GmbH, Hoechberg, Germany). The last 10min
of the REE data were analyzed and represent mean values. All
data were tested for normal distribution and are presented as
mean and ±SD analyzed with parametric tests. Non-normally-
disturbed data are presented as interquartile range (IQR).
REE was subtracted from total energy expenditure (TEE)

to generate AEE for each activity, TEE-REE=AEE
(kcal·min−1). The vector magnitude counts (VMC) from the
GT3X+ were downloaded as 15-s averages for identification
and later summed into 60-s averages. Intensity levels are
expressed as percent (%) of peak oxygen consumption
(VO2peak) or metabolic equivalents (SCI METs). SCI METs
were calculated from individual REE since there was a large
intra individual difference for REE in ml O2·kg

−1·min−1. All
values were stratified between 30, 40, 50, 60, 70, and 80% of
VO2peak and 2, 3, 4, 5, 6, 7, and 8 SCI MET. Each intensity
level was dichotomized as =1 if above the % of VO2peak or
individual SCI MET (ex. ≥40.0% VO2peak or ≥3.0 SCI MET)
or=0 if below that value (ex. <40% VO2peak or <3 SCI MET).

Spearman’s RHO correlation coefficients (r), were used
to assess the association between the relative (%VO2peak),
absolute individual MET and accelerometer GT3X+ VMC
during all standardized activities. Spearman’s was categor-
ized as strong 0.6–0.79 or very strong 0.8–1.0 [26]. Stan-
dardized instructions and calibration methods were used to
reduce systematic errors. Accelerometer cut-points were
identified with receiver-operating- characteristic (ROC)-
curve analysis, where an area under the curve (AUC) of 0.5
indicates that the test is no better than chance, 0.6–0.7 poor,
0.7–0.8 fair, 0.8–0.9 good, 0.9–1 excellent while1.0 indi-
cates a perfect test [27]. The optimal cut-points point is that
closest to the upper left corner of the ROC-curve figure,
which represents 100% sensitivity and 100% specificity. To
identify the most appropriate sensitivity and specificity value
as the cut-points, we used the distance to the upper left
corner, Youden’s index [28]. When these distances were
insufficient to separate two values, we used accuracy and
diagnostic odds ratios (calculated from positive likelihood
divided by negative likelihood) to choose the most appro-
priate cut-points. SPSS version 25.0 was used for the sta-
tistical analyses. The proposed accelerometer cut-points for
light, moderate and vigorous intensity were derived from
relative intensity [10, 11]. The decision was based on dif-
ferent criteria firstly, the recommendation to use relative
intensity when the MET-value for VO2peak is below 10
MET. For example, VO2peak below 10 MET equals’ mod-
erate intensity between 46 and 63% of VO2peak and VO2peak

below 5 MET equals moderate intensity between 52 and
68% of VO2peak [10, 11]. Secondly, since this sample was
widespread in age, BMI and PA level (no elite athletes) the
abovementioned recommendation was best available option.

Results

There was a significant difference for body mass between PP
and TP, mean 72.9kg vs. 65.3 kg, and consequently BMI,
mean 23.1 vs 20.5 (Table 1). Resting oxygen consumption
LO2·min−1 for PP was 0.18 LO2 ·min−1 and 0.16 LO2·min−1
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for TP (p= 0.13). The difference for resting oxygen con-
sumption related to bodyweight (ml O2·kg

−1·min−1) was
2.48 ml O2·kg

−1·min−1 for PP and 2.56 ml O2·kg
−1·min−1

for TP (p= 0.48). This gives a mean value for the whole
group of 2.51ml O2·kg

−1·min−1. There was a large and
significant difference for VO2peak 18.5 ml O2·kg

−1·min−1for
PP vs. 11.1 ml O2·kg

−1·min−1 For TP, which equaled 8.0
(IQR 6.7–9.0) SCI METs for PP and, 4.7 (IQR 3.5–5.5) for
TP (Table 1), calculated from individual REE. Moreover,
there were no significant differences between men and
women in VMC within each activity p > 0.07.

Relative intensities showed a “very strong and strong”
(r= 0.9 PP and r= 0.77 TP) correlation to accelerometer
VMC and “very strong” correlation for MET values
r= 0.83 for PP and 0. 0.81 for TP (Fig. 1). The ROC
analysis for accelerometer cut-points revealed excellent
accuracy (AUC > 0.9) for relative intensities for PP and
good to excellent accuracy (AUC > 0.8 and AUC > 0.9) for
TP, see Table 2. The accuracy for absolute intensities was
good-to-excellent for PP, with equal result for TP except for
6 SCI METs (AUC= 0.73). The ROC-analysis was done
on group level as well as gender level for VMC cut-points.
The result showed a median difference of 1.52 % (IRQ
5.47%) between the group-specific and male/female specific
VMC cut-point and with better balance between false
positive/negative rate for the group specific cut-points.

Proposed accelerometer cut-points for light,
moderate and vigorous intensity levels

As already stated, the VO2peak showed a MET value below 10
for PP and below 5 for TP, so the proposed cut-points were
based on relative intensity, as recommended [6, 10].
The result for the recommended cut-points at light intensity

(6997 VMC) shows a small improvement in accuracy where
one measure point more is correct categorized by using the
gender specific cut-points for persons with PP. The result for
moderate (9515 VMC) and vigorous intensity (13239 VMC)
for PP shows no difference in the number of correct cate-
gorize between men and women, or the rate of false positive/
negative (Table 3). The result for the recommended cut-points
for persons with TP at light (3462 VMC) intensity and
moderate (4887 VMC) and, vigorous intensity (9279 VMC)
show no difference between accuracy and false/negative rate
by using the gender specific cut-points (Table 3). The result
for the recommended cut-points for light and moderate
intensity (Table 3) shows that 88% are correctly categorized
and 6% for light intensity and 8% false positive (PP). Vig-
orous activity showed an accuracy of 96% and 1.4% FP. The
result for persons with TP showed that 91% were correctly
categorized at light intensity and 6% were FP. While 84%
(moderate) and 86% (vigorous) were correct categorized and
3% vs. 7% were FP for persons with TP. We also describe the
“sedentary” result, which was based on that there was only
one person (TP) that had a VMC over 2000 within both
groups during TV-watching. In addition, the low-light inten-
sity is based on the VMC counts that were between sedentary
and light intensity. Further, the questioner about time spent in
moderate activity level showed that 48% of the participants
with motor-complete PP and 68% of PP were active in
moderate level for at least 45 min during a week.

Discussion

The main result is the SCI-specific wrist-worn accel-
erometer cut-points derived for both relative (% of VO2peak)
and absolute (SCI METs), analyzed with high accuracy

Table 1 Characteristics of study participants mean and standard deviation (sd) or median and interquartile range

Tetraplegia n= 26a Paraplegia n= 37

Mean ± SD Mean ± SD

All Men (n= 19) Women (n= 7) All Men (n= 27) Women (n= 10)

Age (years) 41.5 ± 14.0a 41.2 ± 14.5a 42.4 ± 11.9a 42.7 ± 11.4 44.1 ± 11.6 38.8 ± 10.8

Height (cm) 178 ± 0.09a 181 ± 0.08ab 168 ± 0.05a 177 ± 0.10 181 ± 0.08 165 ± 0.05

Weight (kg) 65.3 ± 12.9a* 70.1 ± 11ab 52.3 ± 7.41a 72.9 ± 15.1 77.8 ± 13.2 59.7 ± 8.5

BMI 20.5 ± 3.0* 21.3 ± 2.93b 18.4 ± 1.94 23.1 ± 3.3 23.6 ± 3.30 21.9 ± 3.28

Years since injury 15.3 ± 10.9 15.2 ± 11.8 15.4 ± 8.73 15.6 ± 11.4 15.9 ± 11.8 14.6 ± 10.8

Resting L·min−1 0.16 ± 0.03 0.17 ± 0.03 0.14 ± 0.02 0.18 ± 0.04 0.19 ± 0.03 0.15 ± 0.03

Resting VO2 mL·kg−1·min−1 2.56 ± 0.26 2.60 ± 0.36 2.54 ± 0.22 2.48 ± 0.51 2.45 ± 0.49 2.57 ± 0.57

Resting kcal·min 0.79 ± 0.15 0.83 ± 0.14 0.67 ± 0.10 0.84 ± 0.17 0.89 ± 0.16 0.72 ± 0.14

Peak VO2 mL·kg−1·min−1 11.1 (9.55–14.0) 11.4 (9.65–14.9) 9.89 (9.23–11.9) 18.5b (17.0–20.4) 19.1 (17.7–21.7) 17.7 (15.2–18.4)

BMI body mass index, REE resting energy expenditure, mL milliliter, VO2 oxygen consumption, min minutes, METmetabolic equvivalent

*Significant difference between tetraplegia and paraplegia p < 0.05
aMean values published in Spinal Cord 2017
bSignificant difference between men and women
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using ROC-curve analysis. Cut-point value for moderate
intensity activity level (defined as 46% of VO2peak) was
≥9515 VMC with a span up to 13238 VMC which is the cut
point for vigorous intensity level. The cut-point for mod-
erate intensity (52% of VO2peak) was ≥4887 VMC with a
span up to 9278 VMC, which is the cut point for vigorous
intensity level for persons with TP.

Accelerometer cut-points for absolute and relative
intensities

This study is, to our knowledge the first to define cut-points
values for intensity of physical activities with ROC-analysis

for both relative (% of VO2peak) and absolute (SCI METs)
intensity levels in motor-complete SCI.

Two previous studies have defined SCI-specific cut-
points for moderate-to vigorous physical activity (MVPA)
using absolute intensity [14, 15]. The first included both PP
and TP, and described moderate activity as 3 SCI MET=
8.1 ml O2·kg

−1·min−1 with a cut-points value of 11652
VMC for both PP and TP [14]. The second study included a
mix of neurological disorders, used the same 3 MET value
as that in the general population= 10.5 ml O2·kg

−1·min−1.
This resulted in a cut-points value of 3644 VMC [15]. Our
result combined with the abovementioned studies shows a
large discrepancy for MVPA accelerometer cut-points. This

Fig. 1 Correlation matrix between relative/absolute intensity and vector magnitude counts. RPE Borg ratings of perceived exertion,MET metabolic
equivalent
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might be partly because the two earlier studies used gen-
eralized group cut-points including both PP and TP [13] or a
mix of neurological disorders [15]. Another associating
factor for both those studies is that they based their cut-
points value on multilevel linear regression analysis, while
our study uses ROC-curve analysis. This reduces the var-
iation across individual’s activity counts within the same
activity [29]. ROC-curve analysis provides a pure index of
accuracy by examining the test’s ability to discriminate
between two conditions. This is done by testing every
predictor variable and cut-point to identify the optimal

predictor value and its associated cut-point [27]. This is
described by the AUC, which gives the overall accuracy of
the predictor and the probability that the cut-point correctly
categorizes the specific level of intensity [29]. The result is
a lower rate of misclassification compared to that in
regression models [29]. The result for the AUC (PP) in this
study suggests that the accuracy of the cut-points values for
relative intensities is between excellent (AUC > 0.9) and
good-to-excellent (AUC > 0.8). The high accuracy together
with high sensitivity (true positive) and specificity (true
negative) for each level of intensity is a basis for further

Table 2 ROC-analyze cut-points (VMC 60 s) for percentage of VO2peak (relative) and MET-values (absolute)

Paraplegia % VO2peak Paraplegia SCI METs

Intensity level MP AUC Cut-off Sensitivity % Specificity % Intensity level AUC Cut-off/ Sensitivity % Specificity %

30% 212 0.987 ≥2997 VMC 100 92.3 2 MET 0.993 ≥2997 VMC 98.6 98.6

40% 212 0.944 ≥7481 VMC 86.9 85.8 3 MET 0.891 ≥6940 VMC 85.7 75.9

50% 212 0.942 ≥9515 VMC 85.5 89.3 4 MET 0.888 ≥9515 VMC 73.8 84.9

60% 212 0.959 ≥11315 VMC 94.9 87.9 5 MET 0.933 ≥12015 VMC 87.1 85.4

70% 212 0.964 ≥13313 VMC 92.6 91.3 6 MET 0.945 ≥13239 VMC 90.9 87.7

80% 212 0.944 ≥15317 VMC 87.5 91.8 7 MET 0.917 ≥15317 VMC 81.8 89.3

Tetraplegia % VO2peak Tetraplegia SCI METs

Intensity level MP AUC Cut-off Sensitivity % Specificity % Intensity level AUC Cut-off/ Sensitivity Specificity

40% 129 0.914 ≥2550 VMC 90.2 90.7 2 MET 0.939 ≥4523 VMC 89.2 93.9

50% 129 0.917 ≥4523 VMC 96.9 82.0 3 MET 0.875 ≥6962 VMC 82.4 71.6

60% 129 0.825 ≥5161 VMC 94.7 62.1 4 MET 0.892 ≥13439 VMC 66.7 96.7

70% 129 0.844 ≥9873 VMC 60.6 88.6 5 MET NA NA NA NA

80% 129 0.849 ≥9980 VMC 77.8 86.2 6 MET NA NA NA NA

ACU area under the curve,METs metabolic equivalents,MP measure points, NA not applicable, S seconds, VMC vector magnitude counts,Mmale,
F female

Table 3 Proposed accelerometer cut-points based on ROC-analysis with error statistics

Paraplegia Sedentarya Low light Light ≥ 37% Moderate ≥ 46% Vigorous ≥ 64%

VMC counts/min <2000 2001–6996 6997–9514 (W6559/M6997) 9515–13238 (W9415/M9854) 13239 (W13375/M13239)

Correctly categorized 212/212 N/A 186/212 186/212 202/212

False negative 0 N/A 12 18 3

False positive 0 N/A 14 8 11

AUC (95% CI:) 1 0.96 (0.93–0.98) 0.95 (0.92–0.98) 0.97 (0.96–0.99)

Tetraplegia Sedentarya Low light Light ≥ 44% Moderate ≥ 52% Vigorous ≥ 68%

VMC counts/min <2000 2001–3461 3462–4886 (W3462/M3645) 4887–9278 (W4657/M4887) 9279 (W9241/9292)

Correctly classified 124/125 N/A 114/125 105/125 107/125

False negative 0 N/A 7 4 9

False positive 0 N/A 4 16 16

AUC (95% CI:) 0.89 (0.83–0.95) 0.85 (0.79–0.92) 0.82 (0.75–0.90)

VMC accelerometer vector magnitude counts, N/A not applicable, W Women, M men
aDerived from the highest accelerometer VMC during watching TV
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validation studies. One factor that explains the high accu-
racy for the wrist-worn accelerometer in our group of PP
and TP is that all activity energy expenditure is generated
from the arms. Moreover, the decision to use the dominant
wrist was made before any validation studies were pub-
lished. The article by Garcia-Masso et al. [30], shows that
slow and fast propulsion has lower error for dominant wrist
compared to non-dominant wrist. So, using the dominant
wrist for discriminate between different intensity levels
seem valid.

A factor for the large variation between the present
study and the two previously mentioned is related to the
use of absolute vs. relative intensity to define cut-points. In
the present study, VO2peak, at group level, was 18.5 (PP)
and 11.1 (TP), which is comparable to previous studies
that’s not based on elite athletes [31–34]. The result for
the VO2peak as SCI MET based on the individual REE was
8.0 (IQR 6.7–9.0) for PP and 4.7 (IQR 3.5–5.5) for TP.
Under these prerequisites it is recommended to use relative
intensities to discriminate between different intensity
levels [6]. For example, the recommendation for moderate
intensity below 10 MET is equal to a relative intensity
between 46 and 63% of VO2peak and below 5 MET it is
equal to 52–68% of VO2peak [6, 10]. The explanation of
this relates to the narrow span between resting oxygen
consumption and VO2peak, especially for TP (4.7 SCI
MET). Hence, one may argue that the correlation is higher
between SCI MET values and VMC for TP (Fig. 1).
However, the increase in oxygen consumption between
SCI MET is large, and results in close-to-peak oxygen
consumption already at 3 MET (Table 2). However, there
is an on-going debate regarding the use of SCI MET verses
the use of Ainsworth MET 3.5 ml O2·kg

−1·min−1. Byrne
et al. [35] described the MET-value as “one size does not
fit all”, which seem plausible and could explain the dif-
ferent results for MET-values between SCI studies. In this
study we chose describe MET-values from the individual
REE since there was a large intra-individual difference. In
this study we define accelerometer cut-points for seden-
tary, low light intensity, light, moderate and vigorous
intensity levels (Table 3). Our light, moderate and vigor-
ous intensity levels are based purely on the recommenda-
tion for intensity levels [10]. Moreover, the cut-points for
sedentary and low light intensity were derived from the
highest VMC during TV-watching in both groups and the
low light intensity was the VMCs between sedentary and
light intensity cut-points derived from the recommendation
mentioned above [10].

Our proposed cut-points are not linked to any health
parameters. However, previous research in the SCI popu-
lation has shown that relative intensities between 50 and
70% of VO2peak seem to be linked to health benefits such as
better body composition and lower CVD risk in SCI [36].

Other studies report that the more time spent in non-exercise
or leisure-time PA was related to lower LDL, BMI and fat
mass [37–39]. However, the recommendations for duration
and frequency are not conclusive; studies point towards
30–60 min per/day of moderate intensity activity [38, 40].
Hence, since we provide a large variation of cut-points for
different intensity levels, future validation research could
base MVPA on any suitable absolute or relative intensity
accelerometer cut-points.

Strengths and limitation

One limiting factor was a large intra-individual difference
for REE (ml O2·kg

−1·min−1), which affects the result for
energy turnovers with a fixed value. The results may best
apply to none-elite athlete people within the same range of
BMI, age, levels of injury and injury severity. Another
limitation is that the correlations may be inflated because
of the nesting of observations within participants.
The decision of using the dominant wrist was taken before
the article by Garcia-Masso et al. however the conclu-
sion from that article were that it is possible to collect data
from either wrist [30]. Hence, the non-dominant wrist
seems to be beneficial in some situations and vice versa
[15, 30]. Strengths compared to previous literature include
the sample size, the heterogeneous sample of individuals
and the inclusion of seventeen women, which enables
important and clinically relevant gender comparisons. In
addition, the extensive protocol for the activities was
collected under real-life conditions, for ecological valid-
ity, together with both REE and VO2peak. Another strength
is the use of ROC-curve analysis instead of logistic or
multilevel linear regression analysis when identifying the
accelerometer cut-points for different intensity levels;
and that the cut-points were assessed separately for
motor-complete PP and motor-complete TP and men
and women.

Conclusion

This study defines, with high accuracy, ROC-curve based,
accelerometer cut-points for both PP and TP. The cut-points
may be used in both research and clinical rehabilitation
settings to describe activity patterns and time spent at dif-
ferent PA intensity levels. The cut-points for moderate-to-
vigorous physical activity were defined as ≥9515 for PP and
≥4887 VMC/min for TP. The result is valuable tool to
describe time spent in different intensity levels; both for
persons with SCI in rehabilitation or free-living and in
research regarding CVD. However, future studies are nee-
ded to confirm the cut-points and define cut-points for other
injury levels.
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Data archiving

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