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Physiological and lipid profile response to acute exercise at
different intensities in individuals with spinal cord injury
Eduardo S Alves1,2, Ronaldo VT Santos1,2, Francieli S Ruiz1, Fabio S Lira3, Alexandre A Almeida4, Giscard Lima 2, Thatiana CS Goni2,
Lila Oyama 5, Kate M Edwards6, Sergio Tufik1 and Marco Túlio De Mello1,2,7

STUDY DESIGN: Experimental and cross-sectional study.
OBJECTIVE: To assess the immediate effect of exercise on heart rate (HR), oxygen uptake (VO2), pulmonary ventilation (PV), oxygen
pulse (OP), glucose and lipids of wheelchair basketball players with spinal cord injury (SCI).
SETTING: Center of Studies in Psychobiology and Exercise—São Paulo, Brazil.
METHODS: In all, nine wheelchair basketball players with SCI and nine able-bodied controls (C) performed three exercise sessions
at different intensities: ventilatory threshold 1 (VT1), 15% below VT1 and 15% above VT1 with a duration of ~ 24–34 min. HR, VO2,
PV, OP, glucose and lipids were analyzed.
RESULTS: VO2, PV and OP were significantly lower in the players with SCI compared to C during the same intensity exercise
sessions. However, the individuals with SCIs demonstrated increases in HR, PV and OP at similar rates to C. Triglycerides of the SCI
group were elevated 30 min after the exercise session at VT1 compared to values before the exercise session (P= 0.017); this
elevation was not observed in group C. For the exercise sessions 15% above VT1, only glucose (P= 0.040) and low-density
lipoprotein (P= 0.012) 30 min after the exercise were elevated in the SCI group compared to group C.
CONCLUSION: We conclude that the SCI group demonstrated increases in HR, PV and OP but not VO2 with increased intensity of
exercise at similar rates as in group C.
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INTRODUCTION
Individuals with complete spinal cord injury (SCI) show sensory
and motor deficits that limit energy expenditure in activities
performed during the day.1 SCI is also associated with increase in
insulin resistance, total cholesterol (TC) and triglycerides (TG)
and decrease in high-density lipoprotein (HDL) cholesterol,2–4

which can increase cardiovascular diseases and decrease life
expectancy after SCI.5

Hicks et al.,6 showed evidence that acute and chronic exercise
(physical training) can improve the physical conditioning and lipid
profile of individuals with SCI, thereby decreasing the incidence of
cardiovascular disease. These cardiometabolic benefits depend on
the intensity and volume of exercise.6 Aerobic arm ergometry
training, performed 2–3 times per week at a moderate intensity
((60–80% of max heart rate (HR), or 60–65% peak oxygen
consumption (VO2peak)) with a duration of more than 30 min,
improves physical capacity as measured by VO2 peak in SCI.6

During aerobic exercise (AE), increments in oxygen uptake (VO2)
and HR are expected to occur proportionally to increases in
exercise intensity.7 These variables remain constant during a
30 min session of AE but increase with increased exercise
intensity.7,8 However, lower absolute values are obtained when
exercise is performed using the upper limbs compared to the
lower limbs.9 Little is known about the response of physiological
variables in individuals with SCI during acute exercise sessions at

different intensities when compared to a control group
without SCI.
Transient changes in lipid and carbohydrate metabolism are

responsible for maintaining energy supply to active muscles
during acute physical exercise,10 and in non-SCI populations they
are directly related to the intensity and/or volume of physical
exercise.10,11 However, only one study has compared the effect of
acute exercise on the lipid profile of individuals with SCI with
non-SCI able-bodied (AB)12 individuals. Lipid profiles of SCI and AB
individuals were compared during a single 30-min exercise session
at 60% VO2 peak of aerobic at baseline, before and after 16 weeks
of aerobic training.12 Immediately after the pretraining exercise
session, the authors observed an increase in HDL cholesterol in
volunteers without SCI, suggesting a different metabolic response
during an exercise session of similar relative intensity.
The present study was designed to determine the effect of

different intensities of acute exercise on HR, VO2, pulmonary
ventilation (PV), OP, glucose and lipids in wheelchair basketball
players with SCI as compared to AB controls. We hypothesized
that an increase in the relative intensity of acute exercise leads to
a higher absolute physiological response in AB controls compared
to wheelchair basketball players with SCI, but with proportional
increments between groups when intensity is increased.
In addition, we hypothesized that this condition would induce a
higher impact in the glucose and lipid profiles in AB controls
compared to wheelchair basketball players with SCI.
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METHODS
All procedures in the study were approved by the Universidade Federal
de Sao Paulo Research Ethics Committee (0294/11) and are in
agreement with Brazilian norms for research involving humans (Resolution
196; October 10, 1996). All volunteers provided written consent to
participate in the study.

Sample population
Eighteen male volunteers (nine wheelchair basketball players with SCI and
nine physically active AB controls (C)) participated in the study. Subjects
with SCI (were at least 1 year post injury) had lesions between T7 and L1
(ASIA-A)13 and had played basketball regularly for 4 years. Inclusion
criteria were age above 18 years and older, wheelchair as the only
mode of locomotion and normal stress electrocardiogram. Exclusion
criteria included the presence of cardiovascular disease, diabetes,
chronic or acute inflammatory disease and use of medication for
dyslipidemia.
Body mass was measured using an electronic scale modified for use with

wheelchairs (Tanita 4521, Tanita Corporation of America. Arlington
Heights, IL USA.). Height was measured with the volunteer lying down
over a flat surface, and measurements were recorded at the distal points
between the head and feet at a 90º position. Body composition was
analyzed using air-displacement plethysmography (Bod POD, Cosmed.
Concord, CA, USA).

Experimental design
Subjects were assessed in the laboratory during five different sessions. In
session one, subjects received information regarding the study and
underwent resting and stress electrocardiograms.
During session two, subjects underwent an ergospirometry test to

determine peak oxygen consumption (peak VO2) and ventilatory threshold
1 (VT1). Subjects then returned for three exercise sessions of different
intensities (third, fourth and fifth sessions) (adapted from Tsal et al.).14

These were conducted between 48 h and 7 days after previous session to
ensure complete recovery. The intensities of the three exercise sessions
were designed to achieve peak VO2 at VT1, 15% below VT1 and 15% above
VT1. The exercise volume of the first acute exercise session (third visit) was
controlled, so that all volunteers in both groups exercised for 30 min.
The calorie expenditure (CE) of each subject (kcal min− 1) was estimated

during the exercise sessions. During the sessions at 15% below VT1 and
15% above VT1, the exercise time was calculated based on the subject’s CE
at VT1 for 30 min. The exercise protocol used exercises of different
intensities and similar energetic expenditure (isoenergetic) for a similar
group during different sessions. Exercise volumes for group C during acute
exercise sessions at 15% below VT1, VT1 and 15% above VT1 were
34.2 min (s.d. = 0.9), 30 min and 24.6 min (s.d. = 0.9), respectively. In
the SCI group, exercise volumes during acute exercise sessions at 15%
below VT1, VT1 and 15% above VT1 were 34.7 ± 1.2 , 30 and 24.2 ± 0.9 min,
respectively.

Establishing peak VO2 and ventilatory threshold (VT1)
To establish peak VO2 and VT1, in the second session, subjects performed
an incremental test until exhaustion. Control subjects were tested using a
traditional treadmill (Lifefitness 9100HR, Schiller Park, IL, USA), and SCI
subjects were tested using a treadmill that was modified for
wheelchair use.
Control subjects began the test at a treadmill incline of 1% and a speed

of 5 km h− 1 for 3 min; after this phase, the speed was increased by
1 km h− 1 min− 1 until maximum voluntary exhaustion. The subjects with
SCI began the test at a fixed 1% incline and a speed of 6 km h− 1 for 3 min,
and the speed was increased by 1 km h− 1 per minute until maximum
voluntary exhaustion. Maximum voluntary exhaustion was determined
based on the volunteer’s report of muscle fatigue, general fatigue,
muscle or joint soreness, VO2 plateau (⩽150 ml min− 1), attainment of the
percentage of the age-predicted maximal HR (HRpeak) within ± 5
beats min− 1 , respiratory exchange ratio⩾ 1.10 or the loss of the
coordination required to maintain the treadmill pace (running strides or
wheelchair spinning).15 A gas analyzer was used to determine respiratory
variables, including peak VO2 and VT1, as well as VT1 loads. Peak VO2 was
estimated based on the highest relative VO2 (ml kg− 1 min− 1) obtained at
the end of the test. To determine VT1, two independent evaluators
observed the criteria adopted by Gaskill et al.16 These variables were
obtained by analyzing pulmonary gas exchange using a gas analyzer
(Quark PFT 4Ergo, Cosmed, Rome, Italy). The gas analyzer was calibrated
immediately before each protocol using a preset concentration of gases.
Ventilatory volume and flow were calibrated using a 3-L air syringe. A Hans
Rudolph flow-by face mask (Kansas City, MO, USA) was used.
HR was registered every 5 s using a short-distance telemetry system

(RS800CX, Polar Electro Oy, Kempele, Finland). Respiratory variables were
measured using a gas analyzer that recorded ventilatory variables after
each respiratory cycle; the analyzer was calibrated before each test
according to the manufacturer’s instructions. O2 and CO2 analyzers were
calibrated using preset gas concentrations, and the volume sensor was
calibrated using a 3-L syringe.

Acquisition of physiological variables during acute exercise
For the evaluation of HR, OP, VO2 and PV, measurements were obtained
and analyzed during the last 5 min of exercise; average values were
calculated using Excel software (Microsoft Office Excel, 2007, Microsoft.
Mountain View, CA USA). HR was obtained by telemetry, and VO2 and PV
were obtained using a gas analyzer. OP (ml beat− 1) was calculated by
dividing the absolute VO2 by HR in beats per minute.

Blood collection and analysis
Blood samples were collected before, immediately after and 30 min after
the acute exercise sessions. Glucose, triglycerides (TG), total cholesterol
(TC) and HDL were assessed using commercial enzymatic assay kits
(Labtest, Sao Paulo, Brazil). Low-density lipoprotein (LDL), cholesterol and
very-low-density lipoprotein were calculated according to Friedewald
et al.17

Table 1. Chronological age, anthropometric and cardiorespiratory characteristics of subjects

Control (n=10) SCI (n=9) P-value

Age (years) 27.0 (24.00–31.00) 29.00 (26.50–36.00) 0.269
Height (cm) 179.50 (172.33–183.50) 168.00 (164.50–175.50) 0.086
Weight (kg) 75.70 (63.14–83.25) 60.66 (55.25–66.20)* 0.009
BF (%) 13.00 (11.88–15.50) 15.65 (11.68–21.75) 0.265
VO2base (ml kg− 1 min− 1) 3.5 (2.8–4.2) 3.3 (3.3–3.6) 0.659
HRbase (b.p.m.) 69 (64–70) 72 (66–76) 0.132
PVbase (l min− 1) 7.2 (6.5–8) 6.5 (5.9–7) 0.287
OPbase (ml beat− 1) 3.3 (2,5–3.6) 3.1 (2.6–3.5) 0.566
VO2peak (ml kg− 1 min− 1) 51.54 (50.06–54.16) 34.5 (31.89–41.71)* o0.001
HRpeak (b.p.m.) 191.00 (182.75–197.75) 192.00 (170.00–200.00) 0.772
PVpeak (l min− 1) 139.40 (130.85–158.40) 99.20 (82.20–107.90)* 0.003
OPpeak (ml beat− 1) 16.55 (13.58–19.00) 11.90 (10.50–12.47)* 0.002

Abbreviations: base, baseline; b.p.m., beats per minute; BP, body fat; cm, centimeters; HR, heart rate; kg, kilograms; l min− 1, liters per minute; ml beat− 1,
milliliter per beat; ml kg− 1 min−1, milliliter kilograms minute; min, minute; OP, oxygen pulse; PV, pulmonary ventilation; SCI, spinal cord injury; VO2, oxygen
uptake; %, percentage.
P-value for Mann–Whitney test. Values are expressed as median and quartile 1 and 3.
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Statistical analysis
Results were compared using nonparametric analysis. Comparisons
between groups were performed using the Mann–Whitney test. To
compare differences based on the data collection time within the same
group, Friedman’s analysis of variance was used. When significant
differences were found using Friedman’s test, the Wilcoxon test was
repeatedly performed to identify the time points for which the differences
were observed. In the latter test, the P-value was corrected based on the
number of comparisons performed (Bonferroni correction). The average of
percentage variations (((final value− initial value)/initial value) × 100) of HR,
VP, OP and VO2 was calculated for each intensity of acute exercise.
Analyses were performed using SPSS version 20.0 (SPSS Inc., Armonk, NY,
USA). Values are presented as medians and interquartile ranges. The
significance level adopted was Po0.05.

RESULTS
Anthropometric and cardiorespiratory characteristics
Table 1 shows anthropometric and cardiorespiratory character-
istics of participants. Results were as expected because of the SCI
group using a lower amount of involved muscle mass during
physical exercise compared to group C.

Cardiorespiratory responses in groups C and SCI during the last
5 min of exercise with different intensities
Figure 1 shows HR, PV, VO2 and OP response to physical exercise
at different intensities in both groups C and SCI during the last
5 min of each exercise session. Work performed during the
physical exercise was measured based on the total CE of each
volunteer during the three different intensities of AE. CE during

the exercise sessions did not significantly differ (isoenergetic) at
15% below VT1, VT1 and at 15% above VT1 exercise intensities in
group C (340 (300–395 kcal), 342 (301–392 kcal) and 340
(304–391.5 kcal), respectively) (Group C X2(2) = 2.800, P= 0.24) or
in the SCI group (168 (127.5–220 kcal), 172 (127–218 kcal) and 165
(125–216 kcal), respectively) (Group SCI X2(2) = 3.250, P= 0.197).

Cardiorespiratory response during the last 5 min of exercise at
15% below VT1
PV, VO2 and OP were significantly lower during the last 5 min of
the exercise session at 15% below VT1 in the SCI group compared
to group C (P⩽ 0.001). CE was also significantly lower in the SCI
group (168 (127.5–220 kcal)) than in group C (340 (300–395 kcal))
(P⩽ 0.001). These results were expected because the SCI group
used a lower active muscle mass during physical exercise
compared to group C. HR did not significantly differ between
groups at this exercise intensity (P= 0.102) (Figures 1a–d).

Cardiorespiratory responses during the last 5 min of exercise at
VT1
PV, VO2 and OP during the last 5 min of the exercise session at VT1
were significantly lower in the SCI group compared to control
subjects (Po0.001). CE was also significantly lower in the SCI
group (172 (127–218 kcal)) than in controls (342 (301–392 kcal))
(P⩽ 0.001). These results were expected because SCI group used
less muscle mass during the physical exercise compared to group
C. HR did not significantly differ between groups at this exercise
intensity (P= 0.199) (Figures 1a–d).

Figure 1. Box plots showing HR (a), oxygen uptake (VO2) (b), PV (c) and OP (d) during the last 5 min of aerobic exercise at 15% below VT1 (15%
oVT1), VT1 and 15% above VT1 (15%4VT1). HR, heart rate; PV, pulmonary ventilation; VO2, peak oxygen uptake; b.p.m., beats per minute; ml
per bmp, milliliters per beat; l min− 1, liters per minute; ml kg− 1 min− 1, milliliters per kilogram of body mass per minute; VT1, ventilatory
threshold 1; *significant difference in the control group at a similar exercise intensity; asignificant difference in exercise at 15% below VT1
(Po0.05); and bsignificant difference in exercise at VT1 (Po0.05). Values are expressed as medians, minimum, maximum and first and third
quartiles (25th and 75th percentiles).
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Cardiorespiratory response during the last 5 min of exercise at
15% above VT1
PV, VO2 and OP during the last 5 min of the exercise session at
15% above VT1 were significantly lower in the SCI group than in
group C (P⩽ 0.001). CE was also significantly lower in the SCI
group (165 (125–216 kcal)) than in group C (340 (304–391.5 kcal))
(P⩽ 0.001). These results were expected because the subjects with
SCI used less muscle mass during the physical exercise compared
to group C. HR did not significantly differ between groups at this
exercise intensity (P= 0.268) (Figures 1a–d).

Average of percentage variations of HR, VP, OP and VO2 between
exercise sessions
We compared the relative values of HR, VP, OP and VO2 between
groups, minimizing the fact that the groups did physical exercise
with different muscle masses. In group C, HR (P= 0.01), VP
(P= 0.01), OP (P= 0.01) and VO2 (P= 0.01) were higher in the
exercise session at 15% below VT1 compared to baseline. In the
SCI group, HR (P= 0.01), VP (P= 0.01), OP (P= 0.03) and VO2

(P= 0.02) were higher in the exercise session at 15% below VT1
compared to baseline condition.
There were no differences in percent variations

between exercise sessions at 15% below VT1 and VT1 in HR
((9.2 (5.5–11.1%) vs 13.1 (7.2–14.7%) (P40.05)), PV ((21.6(0–24.8%)
vs 18.5(6.1 –28.9%) (P40.05)), OP ((18.7 (−8.8–23.5%) vs
17.6(−1.3–61.9%) (P40.05)). However, there were higher percen-
tage variations of VO2 in the SCI group compared to group C ((16.8
(7.5–23.5%) vs 44.6 (18–56.4%) (P= 0.01)). There were no
differences between groups in exercise sessions at VT1 and at
15% under VT1 in HR (7.1 (1.7–10.4%) vs 7.3 (4.3–7.8%) (P40.05)),
PV ((22.8(10.3–37.5%) vs 19(-2.6–30%) (P40.05)) and OP
((11.9 (−8. – 15.2%) vs 8.6(-19.4–12.1%) (P40.05)). However, there
were higher average values of percentage variations of VO2 in the
SCI group compared to group C ((14 (8–19.9%) vs 24.7 (16–29.2%)
(P= 0.02)) Figure 1.

Blood glucose and lipid profile responses to exercise at 15% below
VT1
LDL (P= 0.028) and the TG/HDL ratio (P= 0.021) were higher in the
SCI group compared to group C at rest. Furthermore, 30 min after
the 15% below VT1 exercise session, the TG/HDL ratio remained
higher in the SCI group compared to group C (P= 0.036) (Table 2).

Blood glucose and lipid profile responses to exercise session at
VT1
Before the exercise session at an intensity corresponding to VT1,
TG and very-low-density lipoprotein (P= 0.046 for both) were
elevated in the SCI group compared to control subjects. Values
remained elevated 30 min after the exercise session at the same
intensity (P= 0.027 for both) (Table 2).
In group C (X2(2) = 9.000; P=0.011) and in the SCI group (X2(2) =7.467;

P=0.024), TG differed among collection time points. Thirty minutes
after the VT1 exercise session, the TG of the SCI group were higher
relative to the values measured at rest (T=−2.395; P=0.017); this
result was not observed in group C (P40.017) (Table 2).

Blood glucose and lipid profile responses to exercise sessions at
15% above VT1
Glucose (P= 0.040) and LDL (P= 0.012) were the only values that
were elevated 30 min after the exercise session at 15% above VT1
in the SCI group compared to the control. In control subjects,
glucose levels differed among collection time points (X2(2) = 6.750;
P= 0.034). Thirty minutes after the end of the 15% above VT1
exercise session, the glucose level was lower than that at rest
(T=− 2.521; P= 0.012) (Table 2).

DISCUSSION
In this study, wheelchair basketball players with SCI exhibited
lower absolute physiological responses than AB controls during
acute exercise at similar relative intensity, except for FC. Except for
VO2, both groups had comparable increases in physiological
responses during acute exercise of similar relative intensity.
Changes both at rest and at different intensities of acute physical
exercise were found with baseline and transient glucose and lipid
profiles. These changes did not follow a pattern between groups,
probably due to the lower energy expenditure in the SCI group
compared to controls at the same relative intensity, and the
difference between the type of exercise performed (running vs
wheelchair).
HR is used as an indicator of exercise intensity and is correlated

with workload during acute exercise in individuals with SCI.
Therefore, a higher exercise intensity or workload results in a
higher HR.8,18 Despite a lower muscle mass during physical
exercise, no difference in HR was found between a subject with
SCI with paraplegia and control subjects at any exercise
intensity.18 On the basis of the HR responses during exercises of
three intensities in the SCI group (as in response in the C group),
HR can be used to prescribe and monitor training intensity in
wheelchair basketball players with spinal cord disruption
below T7.
Oxygen pulse (OP) is defined as a product of HR and VO2, and it

may also be an indirect measure of systolic volume and
arteriovenous oxygen difference. It is an important variable due
to its association with several cardiac dysfunctions.19 The reason
the SCI group exhibited lower absolute OP values as compared to
control subjects during exercise of similar relative acute intensity
is likely the lower systolic volume used during exercise performed
with the upper limbs versus the lower limbs.20

Oxygen uptake (VO2) is calculated by multiplying the cardiac
output (HR × systolic volume) and the arteriovenous oxygen
difference in tissue capillaries and is closely related to metabolic
demands in muscles during exercise.7 In our study, significant
increases in VO2 and HR occurred with incremental increases in
acute exercise intensity. Even though HR influences VO2, we found
lower absolute values of VO2 in the SCI compared to control
subjects at all exercise intensity levels. Systolic volume was lower
in the upper limbs than during exercise performed with the lower
limbs, resulting in lower VO2 measurements in the SCI group.1,13,18

In the present study, the percent of variations in VO2 between
intensities was higher in the SCI group compared with controls.
Kang et al.21 found that lower work and metabolic efficiency in the
upper extremities was caused by the use of a greater percentage
of energetically inefficient fast-twitch muscle fiber as compared to
the lower extremities. We suggest that this lower efficiency is the
reason for our VO2 results.
During acute exercise, the PV response is determined by the

activity of the central nervous system, which is mediated by
muscle contractions and peripheral sensory input from
chemoreceptors and mechanoreceptors that are located in the
joints, muscles and tendons.22 Because active muscle mass is
lower in individuals with SCI, peripheral sensory input is
decreased, resulting in a lower activation/response of the
respiratory system and lower ventilation values compared to
control individuals.22

Our protocol used exercises of different intensities with similar
energetic expenditure (isoenergetic) for similar groups during
different sessions; hence, control and SCI subjects consumed
similar calories to perform three sessions of acute exercise at
different intensities. We did not find significant variations in lipid
profile in control subjects, regardless of exercise intensity. Findings
are consistent with previous literature, which indicate that short-
term exercise produces little to no change in the plasma
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concentrations of lipoproteins reference. In addition, this may be
due to lack of sufficient exercise intensity in our study.
In controls, blood glucose was lower at 30 min after exercise

performed at 15% above VT1 than that before exercise. During
exercise performed at an elevated intensity, the consumption and
uptake of glucose by active muscles increases with exercise
intensity due to the higher contribution of anaerobic metabolism,
especially at exercise intensities above VT1.11 We did not find any
difference in blood glucose during three different intensities of
acute exercise in the SCI group. This point can, at least in part, be
related to low energy expenditure.
Despite lower caloric expenditure, triglycerides and very-low-

density lipoprotein were higher at 30 min after the exercise
session at VT1 in the SCI group. Despite similar exercise intensity,
30 min of moderate acute physical activity might have different
repercussions when involving upper limbs than lower limbs.23–25

Furthermore, individuals with SCI might exhibit higher sensitivity
to catecholamines, thereby increasing lipolysis in adipose tissue26

and leading to a decrease in the ability to oxidize fat in skeletal
muscle at rest, as well as increasing TG and very-low-density
lipoprotein 30 min after an exercise session.27,28

When comparing values of blood glucose and lipids between
groups when exercise at 15% below VT1 was performed, the SCI
group exhibited higher LDL values and TG/HDL ratios before the
exercise session than control subjects, suggesting that the SCI
group had elevated lipid profiles and possible increased
cardiovascular risk compared to people without SCI.28 A single
exercise session at 15% below VT1 for approximately 30 min was
able to attenuate the difference in LDL between the groups,
although a similar response was not observed for the TG/HDL
ratio. When acute exercise was performed at VT1, the SCI group
exhibited higher TG levels before the exercise session but not
immediately after the session. Blood glucose and LDL were also
higher in the SCI group compared to group C 30 min after the
exercise performed at 15% above VT1.
Limitations of the present study include the fact that control

subjects did not perform arm ergometry, which would have allowed
us to identify the effect of SCI or exercise mode in relation to the
upper limbs separately, and to better understand the impact of
each of these variables on the parameters evaluated in this study.
Our results might also not extrapolate higher exercise intensities.
Taken together, our data demonstrated that wheelchair basket-

ball players with SCI presented relative physiological responses at
similar rates compared with the control group C with increased
intensity of acute exercise, except in the case of VO2, glucose and
TG response. These changes in transient glucose and lipid profiles
between groups at the same relative intensity could be explained
by the greater increase in VO2% in the SCI group, or because of
differences between the muscle mass involved during exercise in
the upper versus lower limbs.
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