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Lipid profiles are influenced by arm cranking exercise and training

in individuals with spinal cord injury

MS El-Sayed*,1 and A Younesian1
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Study design: A prospective, two-group comparative intervention study.
Objective: To determine the acute and training effects of arm cranking exercise on blood lipid
profiles in wheel chair bound individuals with spinal cord injury (SCI) and normal able-bodied
subjects.
Setting: Faculty of Science, School of Sport and Exercise Science, Liverpool John Moores
University, England.
Methods: Total cholesterol, triglyceride and high-density lipoprotein cholesterol (HDL-C) at
rest and in response to arm cranking exercise before and after 12 weeks of training were
compared between individuals with SCI (N¼ 5) and able-bodied subjects (N¼ 7). Following the
determination of peak oxygen consumption (VO2peak), all subjects performed a submaximal arm
cranking exercise at an intensity corresponding to 60–65% VO2peak for 30 min. Venous blood
samples were obtained before and after submaximal exercise and measured for total cholesterol,
triglycerides and HDL-C concentrations. These lipid parameters were remeasured in all subjects
at rest and in response to the same submaximal arm cranking exercise after 12 weeks of
individually supervised arm cranking training programme.
Results: Before training, the resting mean value of triglyceride in individuals with SCI was
significantly (Po0.05) higher than that found in able-bodied persons. Acute arm cranking
exercise did not change total cholesterol or triglyceride concentrations in either the SCI or the
able-bodied groups. However, HDL-C increased significantly following exercise in the able-
bodied subjects. Following training, the resting mean value of total cholesterol in the group with
SCI was significantly (Po0.05) higher compared with able-bodied individuals. Furthermore, the
resting and post submaximal arm cranking exercise mean values of total cholesterol in the able-
bodied group, but not in the group with SCI, were significantly lower than those observed
before training. While the resting mean value of HDL-C before training in the group with SCI
was lower than that found in the able-bodied, this difference did not reach the designated level
of significance (P40.05). Submaximal arm cranking exercise was followed by a significant
increase in HDL-C only in the able-bodied individuals. Compared to pretraining, the resting
and post arm cranking exercise levels of HDL-C in the group with SCI increased significantly
(Po0.05) after training.
Conclusion: It is concluded that acute arm cranking exercise and training in individuals with
SCI is associated with favourable effects on HDL-C, whereas total cholesterols and triglycerides
were not altered. The mechanism responsible for the increase in HDL-C with training in
individuals with SCI is not known, but it is likely to be related to increased activity of
cholesterol transport enzymes lipoprotein lipase and acyltransferase.
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Introduction

Those with lower limb paralysis due to spinal cord
injury (SCI) naturally employ their arms for wheelchair
locomotion and other activities of daily living, as well as
for exercise training and sports activities.1 The com-
paratively small muscle mass under voluntary control,
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impaired cardiovascular reflex responses and the in-
activity of the skeletal muscle pump of the legs all lead
to a diminished arm muscles ability to exercise.
Furthermore, the limitations of the skeletal muscle
system results in early onset of fatigue and exhaustion.
This dampens an active lifestyle and daily life activities
become more physically demanding due to the low level
of muscular strength and cardiovascular fitness. Seden-
tary lifestyles worsen this condition leading to a
debilitative chain of physical and cardiovascular compli-
cations that can be difficult to prevent. Indeed, spinal
cord injured individuals endure a multitude of cardio-
vascular complications including coronary heart disease.2

Although regular exercise has been shown to protect
against cardiovascular diseases, the mechanism(s)
through which it exerts this effect is not fully understood.
The aetiological role of exercise in the primary and
secondary prevention of cardiovascular diseases is linked
with favourable alterations in blood lipid profiles. In
recent years, morbidity and mortality associated with
sedentary life and hyperlipidaemia have prompted
many researchers to recommend daily regular activities
for persons with SCI.3 It is also well recognised that
dyslipidaemias may contribute to increased cardiovas-
cular morbidity in individuals with SCI.4 Results in the
literature suggest a link between sedentary lifestyle and
the incidence of cardiovascular diseases in paraplegic and
tetraplegic individuals5 who also exhibit abnormal lipid
profiles and clinical complications from atherosclerosis.6

Consequently, interest has been heightened regarding
the possible effects of exercise and training on blood
lipid profiles, not only in normal healthy subjects but
also in individuals with SCI. This is because the exact
effects of vigorous arm exercise and conditioning on
blood lipid profiles in individuals with SCI is not clearly
defined. In addition, studying the influence of exercise
on blood lipid profiles in individuals with SCI may have
clinical as well as scientific significance because seden-
tary lifestyle can be a primary feature leading to
significant degenerative cardiovascular disorders and
these are the most frequent cause of death in this
population.6 Therefore, the present study was designed
to examine the effects of arm cranking acute exercise
and 12 weeks of physical training of moderate intensity
on blood lipid profiles in individuals with SCI in
comparison with normal able-bodied subjects.

Materials and methods

Subjects
A total of 12 subjects (seven normal and five spinal cord
injured) volunteered to participate in this study. One of
the subjects with SCI exhibited some form of muscu-
loskeletal and cardiovascular problems; this did not
contraindicate his participation in exercise testing or the
completion of the training programme. The data
generated from this subject were included in the
statistical analyses. None of the subjects had previously
engaged in an organised training programme. Verbal

and written consent were obtained from each subject
prior to testing and training, and the Human Ethics
Committee of the University approved the study testing
procedures and experimental protocol. Subjects com-
pleted a health history questionnaire prior to the
commencement of the study. Before the main experi-
ments, all subjects took part in two sessions of
habituation in order to familiarise themselves with the
exercise protocol and laboratory environment. The
mean (7SD) age of the subjects was 3271.6 years for
able-bodied subjects and 3172.9 years for spinal cord
injured individuals.

Measurement of peak oxygen consumption
All subjects performed a continuous progressive work-
load arm cranking exercise test on arm cranking
ergometer (Monark, Sweden) until volitional fatigue
for the determination of peak oxygen consumption
(VO2peak). All subjects performed the VO2peak test trial
twice, 1 week before and 1 week after the completion of
the conditioning programme. Subjects reported to the
laboratory for testing, fasted for 12 h and had had no
alcohol for the preceding 24 h. All tests and blood
sampling commenced at the same time of day. Follow-
ing a 5-min warm-up period at an exercise intensity of
30 W, the work rate was increased every 2 min by 30 W
until exhaustion. During the test, a cranking frequency
of 60–65 was maintained by using a metronome. Minute
ventilation, oxygen uptake and carbon dioxide produc-
tion were continuously analysed and recorded by an
open-circuit system (Metamax; Cortex; Germany).
Calibration of the system was carried out according to
the manufacturer’s instructions. Heart rate was mea-
sured at rest and continuously during exercise by short-
range radio telemetry (Polar, P.E.3000, Kempele, Fin-
land). The physiological data obtained from the VO2peak

test were utilised, using regression analysis, for the
calculation of the exercise intensity corresponding to
60–65% VO2peak. The indication for termination of
exercise was subjective maximal exercise as suggested by
the participants’ own symptom of fatigue or breath-
lessness. Other indications for stopping the exercise test
were the occurrence and progression of any symptoms to
the point of unwillingness of the subject to continue or
the continuation of the test becoming detrimental to the
subjects’ welfare. The attainment of VO2peak was judged
when the following criteria were met: (1) a plateau in
VO2 with increasing workload, (2) inability of the
subject to maintain the designated pedalling frequency
and (3) a respiratory exchange ratio of 1.1 or above. If a
subject did not complete a satisfactory maximal test, the
testing procedures were repeated after 7 days.

Submaximal arm cranking exercise test protocol
before conditioning
Approximately 1 week after the measurement of
VO2peak, each subject performed a submaximal exercise
protocol. The exercise protocol commenced with a
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warm-up period of 5min at 30 W for 5 min, and
thereafter the external work load was increased to elicit
a heart rate response corresponding to 60–65% VO2peak

and arm cranking exercise continued at this intensity for
30 min. A cranking frequency of 60–65 per minute was
maintained and the heart rate was monitored. At the
end of the VO2peak test, subjects were asked to rate their
perception of effort using the Bar Scale. Rating of
perception of effort was also recorded for every 5-min
interval during the submaximal exercise test.

Exercise conditioning programme
The training programme was individually supervised for
each subject in both the SCI and able-bodied groups. All
exercise sessions were performed using arm cranking
ergometer and each training session started out with a
5-min warm-up at a light workload. Thereafter, the
workload was increased to elicit a heart rate corre-
sponding to 60–65 VO2peak for each subject. The
external resistance to arm cranking during each training
session was continuously adjusted to maintain the
preassigned heart rate and all subjects exercised at this
intensity for 30 min. The exercise sessions were contin-
uous, and supervised and monitored regularly. Each
subject’s training heart rate was adjusted as submaximal
heart rate was decreased with training. All exercise trials
and training sessions were performed in a temperature-
controlled environment (22711C). All subjects exercised
for 30 min on three nonconsecutive days/week for 12
weeks. No cardiovascular problems or unusual episodes
occurred during training. With the exception of some
early attrition by one subject with SCI, the attendance
rate was 100% in both the SCI and able-bodied groups
with no complaints of excess or intolerable muscle
soreness or fatigue. No dietary changes were recom-
mended, but subjects were instructed to consume their
normal diet and maintain their normal activity and
lifestyle patterns throughout the study. Subjects were
also asked to standardise and replicate their dietary
intake in the 24-h prior to each submaximal exercise at
the start and at the end of the training programme.

During the training programme, all subjects were
instructed to follow their normal routine and refrain
from strenuous exercise.

Submaximal arm cranking exercise test protocol
after conditioning
The same submaximal arm cranking exercise, as
described above, was used after conditioning to deter-
mine the effects of exercise and training on lipid profiles
at rest and in response to acute exercise. Although the
subjects’ cardiorespiratory fitness was improved due to
conditioning (Table 1), the acute arm cranking following
conditioning was performed at the same relative exercise
intensity in relation to VO2peak (60–65% VO2peak).

Blood sampling and analysis
All subjects were instructed to refrain from food,
caffeine or strenuous physical activity during the 12 h
preceding blood sampling. Blood samples were obtained
at the same time of day in an ambient temperature of
20711C and relative humidity of 5575%. After
reporting to the laboratory, subjects were requested to
remain in the sitting position for 15 min, after which a
resting 10 ml of venous blood sample was removed with
no stasis. A second 10 ml of venous blood sample was
removed immediately after the submaximal arm crank-
ing exercise test for 30 min. Blood samples were
transferred into plastic centrifuge tubes internally coated
with EDTA and used for the measurement of lipid
variables. To avoid interassay variability, over the
duration of the study, blood samples were coded and
analysed using the same batch of reagents. Total
cholesterol and triglycerides were determined in whole
blood, while high-density lipoprotein cholesterol (HDL-
C) was assayed in plasma (Reflotron, Boehringer,
Mannheim, Germany). Based on the laboratory control
procedures of repetitive determination of samples with
known concentration of lipids, the coefficient of varia-
tion for total cholesterol, triglycerides and HDL-C were

Table 1 Physiological responses to maximal arm cranking exercise before and after training in SCI individuals (N¼ 5) and able-
bodied subjects (N¼ 7)

SCI individuals Normal subjects

BT AT BT AT

VO2peak (1min�1) 1.8170.10 1.9470.05* 1.8270.11 2.170.1*
VO2peak (1 kg min�1) 24.1272.60 26.271.36* 26.7971.85 29.171.05*
HRpeak (beatmin�1) 17378.2 173.2710.8 16975.9 169.877.3
VEpeak (1min�1) 75.379.1 83.56710.2* 68.475.4 80.377.7*
WLpeak (W) 168737.6 185724.1* 160716.5 204711.2*

VO2peak¼maximum amount of oxygen consumed at the end of the incremental arm cranking test; HRpeak¼maximum heart rate
achieved at the end of the incremental arm cranking test; VEpeak¼maximum ventilation at the end of the incremental arm
cranking test; WLpeak¼maximum workload achieved at the end of the incremental arm cranking test; BT¼ before training and
AT¼ after training
*Significant difference (Po0.05) compared to before training
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1.9, 1.4 and 2.9%, respectively. Accuracy of lipid
measurements was established by using control sera.

Statistical analysis
All statistical analyses were performed using the soft-
ware statistical package SPSS version 11 (SPSS,
Chicago, USA). A two-way analysis of variance
(ANOVA) with repeated measurements was used to
detect differences in mean values. When ANOVA
indicated the presence of an overall significant differ-
ence, Tukey’s post hoc tests were employed to ascertain
which mean values were statistically significant. The
alpha level of Po0.05 was the minimum level required
to reject the null hypothesis. Values in the text are
mean7SD, unless otherwise stated.

Results

Physiological results
Physiological and performance-related results of arm
cranking exercise before and after training for subjects
with SCI and able-bodied individuals are shown in
Table 1. Before the conditioning programme, the mean
values for VO2peak, maximal exercise duration and
power output were similar for the two groups. All SCI
and able-bodied subjects exhibited a significant increase
in VO2peak, maximum exercise duration and maximum
power output following training (Table 1).

Blood lipid profiles at rest and following acute
submaximal arm cranking exercise before
and after conditioning
Total cholesterol The resting and post submaximal arm
cranking exercise mean values of total cholesterol are
shown in Figure 1a (before training) and b (after
training). Before training, the resting mean value of total
cholesterol in individuals with SCI was nonsignificantly
(P40.05) higher than that found in able-bodied subjects.
No demonstrable change in total cholesterol concentra-
tion was found after arm cranking exercise in either the
SCI or the able-bodied groups (Figure 1a). Following
training, the higher resting mean value of total cholester-
ol in individuals with SCI compared with the able-bodied
persisted and reached the designated level of significance
(Po0.05). Furthermore, the resting and post submaximal
arm cranking exercise mean values of total cholesterol
were significantly lower than those observed before
training only in able-bodied individuals (Figure 1b).

Triglyceride The resting and post submaximal arm
cranking exercise mean values of triglyceride are shown
in Figure 2a (before training) and b (after training).
Before training, the resting mean value of triglyceride in
individuals with SCI was significantly (Po0.05) higher
than that found in able-bodied subjects. Although
triglyceride concentration exhibited an increase after
exercise in both groups, this rise was not significant
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Figure 1 Mean (7SE) values of total cholesterol (mmol l�1)
at rest and after arm cranking exercise. (a) Represents before
training and (b) Signifies after training. Open bars represent
the group with SCI while solid bars denote the able-bodied
group. *Denotes significantly higher (P40.05) resting mean
value in SCI individuals than that in able-bodied subjects after
training. $ Signifies lower mean values (P40.05) at rest and in
response to exercise in normal subjects after training compared
with the corresponding values before training. AT represents
after training
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Figure 2 Mean (7SE) values of triglycerides (mmol l�1) at
rest and after arm cranking exercise. (a) Represents before
training and (b) Signifies after training. Open bars represent
the SCI group while solid bars denote the able-bodied group.
*Denotes significantly a higher (P40.05) resting mean value in
SCI individuals than that in able-bodied subjects before
training. AT represents after training

Exercise and training effects on blood lipids in individuals with SCI
MS El-Sayed and A Younesian

302

Spinal Cord



(P40.05). Following training, the higher resting mean
value of triglyceride in individuals with SCI compared
with the able-bodied persisted (Figure 2b) but this
difference did not reach the designated level of
significance (P40.05). No further alterations in the
mean values of triglyceride were found with training.

High-density lipoprotein cholesterol The resting and
post submaximal arm cranking exercise mean values of
HDL-C are shown in Figure 3a (before training) and b
(after training). Although the resting mean value of
HDL-C before training in individuals with SCI was
lower than that found in the able-bodied (Figure 3a),
this difference did not reach the designated level of
significance (P40.05). Acute arm cranking exercise was
followed by a significant (Po0.05) increase in HDL-C
in both groups (Figure 3a). Compared to pretraining,
the resting level of HDL-C increased significantly only
in the SCI group. Furthermore, results indicated a
significant (Po0.05) increase in HDL-C following an
acute bout of arm cranking exercise in the group with
SCI, but not in the able-bodied group (Figure 3b).

Discussion

Acute arm cranking exercise and lipid profiles
before training
The study herein was designed to determine the acute
effects of arm cranking exercise on lipid profiles before

and after training in individuals with SCI and able-
bodied individuals. The question remains as to whether
there is a single best exercise intensity and duration for
inducing favourable changes in blood lipid profiles. The
results demonstrated no significant alterations in total
cholesterol and triglyceride in response to a single bout
of arm cranking exercise in individuals with SCI or able-
bodied subjects. These results are in agreement with
earlier reports indicating that acute exercise bouts of
short duration induce no change in plasma cholesterol
concentration immediately after exercise or during
recovery.7,8 Similar to cholesterol, triglyceride concen-
tration was not altered following an acute bout of arm
cranking exercise of short duration. This is consistent
with previous results in the literature indicating no
significant change in the triglyceride level following
running or cycling exercise of short durations in normal
subjects.7,8 Unlike intramuscular stores of triglycerides,
which have been shown to contribute significantly to
energy metabolism,9 the importance of blood-borne
triglycerides to energy metabolism during exercise of
relatively short duration has not as yet been established
and is still an issue of debate. We believe that blood-
borne triglycerides played a negligible role during arm
cranking exercise trials.

The results of the present study also revealed
that acute arm cranking exercise in individuals with
SCI and able-bodied subjects were associated with a
significant increase in HDL-C. Earlier studies on the
interaction between exercise and HDL-C in able-bodied
individuals have yielded contrasting results. For exam-
ple HDL-C either increased10 following repeated ses-
sions of endurance exercise or remained unaltered9 after
running exercise in trained runners. Other studies
employed different exercise protocols and showed an
increase in HDL-C in response to a single bout of
submaximal exercise at 60% VO2max

11 or prolonged
exercise for 120 min at 30% VO2max.

12 Earlier studies
designed to determine plasma lipolytic activity also
demonstrated an increase in lipoprotein lipase, which
may have been responsible for the post exercise increase
in HDL-C concentration.13,14 It is reasonable to suggest
therefore that the acute arm cranking exercise protocol
employed in the present study may have induced
acute modifications and intracellular redistribution of
HDL-C. This may have led to an increase in the flux
of lipid to HDL-C molecule under the influence of
lipoprotein lipase.

Arm cranking training and performance-related indices
The trauma caused by SCI to an individual is usually
associated with extreme changes in his/her lifestyle
where there is a striking decline in physical activity.
Wheelchair users employ their relatively small and weak
upper body musculature for locomotion and most other
physical activities of daily living. This is disadvanta-
geous due to the limited maximal power output
capability and peak oxygen uptake for arm exercise.
The evidence reported in the study herein support the
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Figure 3 Mean (7SE) values of HDL (mmol l�1) at rest and
after arm cranking exercise. (a) Represents before training and
(b) Signifies after training. Open bars represent the SCI group
while solid bars denote the able-bodied group. *Denotes a
significantly higher (P40.05) mean value following exercise as
compared to the mean value following rest. AT represents
after training
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notion that arm cranking exercise training in individuals
with SCI improves their health status and exercise
performance capacity as reflected by a significant
increase in the peak amount of oxygen they are able
to consume during maximal exercise, thus indica-
ting that the physical conditioning programme had
induced favourable cardiovascular improvements with a
resultant significant increase in the maximal aerobic
capacity.

In addition, participation of individuals with SCI in
the arm cranking training programme led to a sig-
nificant increase in power output in parallel with a
marked increase in aerobic power and physical cap-
ability (Table 1). These results are in agreement with
previous studies on individuals with SCI, indicating that
endurance-type arm cranking exercise training for
several weeks can significantly increase power output,
peak oxygen consumption and aerobic power.15–17 It is
possible that the enhanced aerobic power as reflected by
an increase in peak oxygen consumption was due to
peripheral adaptation, augmented arterial vasodilata-
tion and increase in capillary density and/or metabolic
efficiency within the skeletal muscles of the arms.
Although recommendations of exercise training for
individuals with SCI have been, for the most part, quite
conservative, it is clear that not only is it possible for
these individuals to tolerate exercise training but also
that constant repetition of intense arm cranking exercise
may be necessary to induce favourable cardiovascular
responses in this population.

Acute arm cranking exercise and lipid profiles
after training
Diminished muscular and cardiopulmonary capacity
resulting from a sedentary lifestyle further exacerbates
the already deteriorated physical capability of indivi-
duals with SCI. Sedentary lifestyle can be a major factor
leading to consequential degenerative changes in the
cardiovascular system and this may explain the higher
incidence of cardiovascular complications reported for
individuals with SCI compared to age- and gender-
matched able-bodied individuals.2 Disruption of the
spinal cord normal functions elicits complex effects on
the sympatho-adrenal system, which may include
alterations in catecholamines and lipid metabolism.
Hyperlipidaemia, due to accumulation of triglycerides
and cholesterol, is well documented in individuals with
SCI. Recent evidence also indicated that higher cor-
onary heart disease risk for sedentary individuals with
SCI is associated with lower concentration of HDL-C in
comparison to athletes with SCI, or sedentary able-
bodied subjects.18

Meagre information is available to explain why the
incidence of cardiovascular disease is high among
individuals with SCI. The cause of this phenomenon
and its relation to SCI are not as yet known. In light of
the data of the present study, part of the answer to this
question may be related to the depressed basal level of
HDL-C (Figure 3a). These findings concur with earlier

reports, suggesting that the concentrations of HDL-C in
SCI individuals are some of the lowest reported for any
population.19 The low level of HDL-C was attributed to
the extremely sedentary lifestyle adopted by SCI
individuals. This explanation is supported by earlier
evidence indicating that highly trained athletes with SCI
exhibit higher level of HDL-C when compared with
physically inactive individuals with SCI.19 Participation
in sports activities and improvements in physical work
capacity were the most important determinants respon-
sible for the favourable changes in lipids and lipoprotein
profiles in SCI individuals.20

After arm cranking exercise training, the levels of
HDL-C at rest and in response to acute arm cranking
exercise were higher in the persons with SCI than before
training and the increase occurred in each individual
with SCI. Initiatives to identify mechanisms through
which exercise training can increase HDL-C have
sparked interest in recent years.21–23 Although the
physiological pathways involved in the increase in
HDL-C due to arm cranking training in individuals
with SCI were not examined in the present study, several
possible explanations have been proposed. There is
evidence to suggest that lipoprotein lipase activity may
be involved.21–23 Some investigators have also demon-
strated that aerobic exercise training in able-bodied
individuals increases plasma lipoprotein lipase and
lecithin cholesterol acyltransferase activities.23 Thus, a
likely explanation of the current findings is that similar
mechanisms responsible for HDL-C increase with
training might have also been presented in individuals
with SCI.

The nature of this prospective study may preclude
firm conclusions regarding the mechanism responsible
for the increase in HDL-C with training. Furthermore,
the mechanism responsible for the increase in HDL-C
with training in individuals with SCI is not known, but
it is likely to be related to an increased activity of
cholesterol transport enzymes lipoprotein lipase and
acyltransferase. To clarify the exact responsible mechan-
ism, more investigations are warranted. It is recognised
that there are potential limitations to the study design.
First, our study population consisted of a voluntary
sample. Consequently, it may not be necessarily correct
to generalise the results to other populations. Second,
the sample size of the study populations examined was
small and that may restrict the certainty of the
conclusion reached and lowers the statistical power of
accepting the null hypothesis. It is possible that a type II
error was committed, and a larger sample size might be
required in future studies to confirm or refute the results
of the present investigation.

In summary, arm cranking exercise training in
individuals with SCI has favourable effects on health
status and exercise performance capacity as reflected by
a significant increase in VO2peak and an increase in
power output. This occurred in parallel with a marked
increase in HDL-C in response to arm cranking exercise,
whereas total cholesterols and triglycerides were not
altered.
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