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Time of physical exercise practice after injury in cervical
spinal cord-injured men is related to the increase
in insulin sensitivity

JC Koury1, MCF Passos2, FA Figueiredo1, A Chain1 and JG Franco3

Objectives: Physical exercise has an important role in reducing body fat, risk of chronic disease and systemic inflammation. The aim
of this study was to determine serum leptin and insulin concentrations and their relationship to the time of physical exercise after
injury in men with cervical spinal cord injury (c-SCI).
Methods: c-SCI subjects with lesion level in C5–C7 (n¼25) were divided into two groups: physically active (PA, n¼13; those who
practiced physical exercise for at least 3 months, three times per week or more, for a total minimum of 150min of physical activity per
week) and non-physically active (N-PA, n¼9). Body composition was assessed by dual energy X-ray absorptiometry. Blood samples
were obtained 12h after an overnight fast to measure insulin and leptin in serum, and glucose and C-reactive protein (CRP) in plasma,
by validated methods.
Results: Comparing the PA and N-PA group, the first presented lower: total body mass (�13%), body mass index (�16%), fat mass
(kg �39%, FM% �30%), CRP (�23%), serum insulin (�61%), homeostasis model assessment (HOMA, �35%) and serum leptin
(�62%; Po0.05). Both serum insulin (r¼ �0.561; Po0.05) and HOMA (r¼ �0.591; Po005) were inversely proportional to the
time of practice of physical activity after injury.
Conclusion: Our results suggest that exercise was able to reduce fat mass and increase insulin sensitivity, decreasing plasma levels of
risk factors in c-SCI subjects.
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INTRODUCTION

Spinal cord-injured (SCI) subjects with reduced activity of the
sympathetic nervous system are reported to have an increased risk
of cardiovascular morbidity and mortality, variations in leptin and
insulin, and modifications in body composition.1

The factors such as muscle dysfunction and abdominal obesity may
overlap the sympathetic nervous influence. SCI individuals have a
reduced concentration of catecholamines and T3, which inhibit
lipolysis, favoring the abdominal obesity.2 The accumulation of
abdominal fat leads to increased serum concentrations of leptin,
C-reactive protein (CRP) and insulin resistance.3,4

Physical exercise has been suggested as an excellent mechanism for
the mobilization of adipose tissue and reduced risk of chronic
diseases, including people with SCI, possibly due to reduced secretion
of leptin and CRP.3,5,6 In athletes without lesions, the relationship
between serum leptin and body fat is contradictory. Some studies
reported that the variation in leptin concentration during exercise was
related to variation in fat mass.5,7 However, more recent studies
revealed that, regardless of body fat mass change, serum leptin levels
are different in athletes8,9 and in mice.10

Previous investigations have shown the beneficial effects of
physical training on insulin sensitivity in both healthy and
glucose-intolerant subjects.11 Hjeltnes et al.12 assessed the effect of
8 weeks of electrically stimulated leg cycling in chronic tetraplegics
and reported an increase in whole-body insulin sensitivity and an
increase in protein expression of key genes involved in glucose
metabolism. In agreement with these findings, other studies in
chronic SCI individuals demonstrated similar beneficial results of
electrically induced cycle training on insulin sensitivity and glucose
tolerance.13

Based on these reports, we hypothesized that physical exercise
may contribute to improvement of hormonal changes in SCI
subjects. The main purpose of the present study is to determine
the concentration of leptin, insulin, glucose and CRP in subjects
with cervical injury. In addition, the association between the time
of practice of physical exercise since the injury and glucose
homeostasis was obtained. To our knowledge, the relationship
between body composition, serum leptin and insulin concentra-
tions and time of practice of physical exercise after injury in cervical
SCI (c-SCI) men has not been studied.
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MATERIALS AND METHODS

Subjects
Twenty-two SCI men (33.7±9.9 years) participated in this study. Information

on lesion characteristics was obtained from medical record. They were

quadriplegic and only four subjects presented complete lesion (Table 1). The

average duration of injury was 11.6±8.7 years. Subjects were matched by sex,

age, height, lesion level and duration of injury. According to self-reported

information, the most frequent cause of traumatic injury in subjects studied

was diving in shallow water (44%), followed by traffic accidents (40%) and

acts of violence (12%). Before the study was conducted, we fully explained its

purpose, and obtained written informed consent from each participant. The

study protocol was approved by the Research Ethics Committee at the Rio de

Janeiro State University (protocol COEP 052/2009).

Data on physical activity was obtained through a structured questionnaire,

in which volunteers described the type of physical activity, time spent in total

daily physical activity (min) and time of physical activity practice after injury

(months). The participants were divided into physically active (PA, n¼ 13)

and non-physically active (N-PA, n¼ 9) groups. Subjects were considered as

physically active when practicing regular adapted physical exercise according to

the following criteria: total of at least 150min per week practiced at least 3 days

per week for at least 3 consecutive months.14

Anthropometric measurements and body composition
The height was measured with a stadiometer to the nearest 0.5 cm. From the

weight and height values, the body mass index was calculated for each

individual using the formula (TBM/HT2). Total and regional body mass were

measured by dual energy X-ray absorptiometry (DXA; Lunar iDXA with

software enCore 2008 version 12.20, GE Healthcare, Madison, WI, USA).

Sample collection
The subjects were instructed not to eat for 12h before sample collection. Blood

samples (10ml) were obtained the morning after (0800 hours) by venous

puncture into tubes containing heparin as an anticoagulant (30U per tube) or

not. These tubes were centrifuged at 1800 g for 10min for separation of plasma

and at 3000 r.p.m. for 15min for obtaining serum, respectively. Blood samples

were stored at �20 1C until analysis.

Laboratory assays
Serum leptin was measured through a commercial kit specific for humans

(LINCO Research, St Charles, MO, USA; kit reference value from fasting lean

body mass index 18–25kgm�2 for men, 3.8±1.8mg l�1). CRP ultra-sensitive

(hs-CRP) levels were determined in plasma by immunoturbidimetry (Com-

mercial kit BioClin, Quibasa LTDA (São Paulo, SP, Brazil); the cutoff point to

recognize the absence of inflammation was o0.5mgdl�1) and plasma glucose

by enzymatic method (Gold Analyzes, Rio de Janeiro, Brazil; kit reference value

was 80–110mgdl�1). The homeostasis model assessment for the insulin

resistance (HOMA2-IR) index was calculated using the HOMA calculator.15

Statistics
Data were presented as mean±s.d. Comparison between the groups was

performed using the Student’s t-test. The associations for each group between

variables were tested by Pearson correlation matrix. P values o0.05 were

considered significant. The software used was SPSS 17.0 (SPSS Inc., Chicago,

IL, USA) for windows.

We certify that all applicable institutional and governmental regulations

concerning the ethical use of human volunteers were followed during the

course of this research.

RESULTS

Table 2 shows the general characteristics of the physically active and
non-physically active c-SCI men studied. Age and duration of injury
did not differ between the groups. Physical activities practiced by
individuals were: wheelchair rugby, touch chair (‘wheeling’), swim-
ming and weightlifting.
The PA group individuals had lower total body mass (Po0.05), fat

mass (in kg, Pp0.001 and in percentage, Pp0.001) and body mass
index (Po0.01) compared with the N-PA group (Table 3).
Table 4 depicts biochemical parameters of the groups. The PA

group presents significantly lower serum leptin (Po0.001), serum
insulin (Po0.01) and HOMA (Po0.05) compared with the N-PA

Table 1 Individual cervical spinal cord injury characteristics

Participant Lesion level Type lesion Frankel grade

Physically active

1 7 Incomplete C

2 6 Incomplete C

4 5 Incomplete E

5 5 Complete A

6 5 Incomplete C

7 5 Incomplete C

13 7 Incomplete D

18 6 Incomplete C

20 6 Incomplete C

21 7 Incomplete D

23 5 Incomplete C

24 6 Incomplete C

25 5 Complete A

Non-physically active

3 5 Incomplete C

9 6 Incomplete C

10 7 Incomplete D

11 5 Incomplete C

12 5 Complete A

14 5 Incomplete C

15 5 Incomplete C

16 5 Complete A

17 5 Incomplete B

Table 2 General characteristics of the physically active and non-

physically active cervical spine cord-injured men studied

Physically

active

n¼13

Non-physically

active

n¼9

P

Age (years) 29.6±8.5 35.2±11.1 0.191

Duration of injury (years) 8.7±7.0 14.2±10.3 0.162

Time of physical activity practice since the

injury (months)

30.8±8.9 — —

Physical activity practice (hours per week) 12.5±6.7 — —

Table 3 Anthropometric measurements and body composition of the

spinal cord injury men physically active and non-physically active

Physically active

n¼13

Non-physically active

n¼9

P

Total body mass (kg) 64.2±9.9 73.3±4.9 0.020

Height (m) 1.7±0.1 1.7±0.1 0.613

Body mass index (kgm�2) 21.2±2.6 25.1±3.2 0.004

Fat-free mass (kg) 45.6±6.7 44.3±5.0 0.620

Fat mass (kg) 16.1±4.9 26.4±4.3 p0.001

(%) 25.8±5.7 37.2±5.1 p0.001
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group. To evaluate the presence of inflammation, the concentrations
of hs-CRP were determined, being it higher in the non-active group
(Po0.03).
The serum insulin and HOMA were inversely proportional to the

time of physical activity practice after injury (r¼ �0.56; P¼ 0.046
Figure 1a; and r¼ �0.59, P¼ 0.033 Figure 1b, respectively).

DISCUSSION

In the present study, practice of exercise resulted in a significant
decrease of total body mass, body mass index and fat mass. The fat
mass, both in kg and percentage, was lower in the group of PA
compared with the group of N-PA. The results are related to physical
activity, which, admittedly, mobilizes body fat for energy and
maintenance of effort including trunk fat, even in this group, which
has total immobility of the trunk.16 Considering that we did not
control the physical activity, we supposed that the difference in body
composition in the active group indicates that 150min of exercise,
practiced at least three times a week for at least 3 months, was
sufficient to promote positive changes in body composition in
subjects with c-SCI by mechanisms not yet clearly identified.
Our findings show that physically active c-SCI men had lower

serum leptin concentration compared with the non-active c-SCI men.
Studies about the relationship between leptin and physical activity are
contradictory. Pasman et al.7 reported that resistance exercise reduces
serum leptin, independent of changes in plasma insulin and the
percentage of fat mass. Pérusse et al.17 suggested that serum
concentrations of leptin in humans are not affected due to the
acute and/or chronic exercise and are independent of body
composition. However, recent studies did not find correlation
between serum leptin and fat mass in athletes of different
modalities.8–10 These authors suggest that the variation in energy
intake is responsible for the lack of relationship between fat mass and
the secretion of leptin in athletes. Data from these last studies partly
corroborate our data from the PA group, as the individuals have SCI.
c-SCI subjects present higher values in serum leptin concentration

when compared with the control groups without injury, due to
decentralization of the sympathetic nervous system after injury, with
increased adipose tissue.18,19 The interruption blocks not only the
inhibitory effect of sympathetic nervous system on the expression and
secretion of leptin but also the stimulatory effect on energy expendi-
ture, and it may lead to the development of hyperleptinemia,
decreased metabolic rate at rest and increased adiposity.11,12

Probably, the SCI individuals also exhibit leptin resistance due to
hyperleptinemia. In the case of the injured who do exercise, leptin
may be lower because physical exercise improves leptin resistance via
activation of the leptin receptor in hypothalamic nuclei, directly
influencing the responsiveness of central nervous system circuits
involved in homeostasis energy.10 Importantly, despite low levels of
leptin in the PA group, these are not correlated with the time of

practice of physical exercise since the injury, differently from the result
found with insulin, which will be described below.
The secretion of CRP is directly related to fat mass, and this is an

acute-phase protein synthesized by the liver in response to active
inflammation.4,6,20 Its regulation is related to IL-6, which is either
released by adipose tissue or by macrophages.4 The ultra-sensitive
method was used for the analysis of serum CRP, due to greater
accuracy for evaluating the risk of cardiovascular disease. Although
both the groups have shown elevated concentrations of CRP,
physically active individuals had lower concentrations, suggesting
that regular physical exercise can have an important role in preventing
cardiovascular disease.
c-SCI individuals are characterized by alterations in glucose

intolerance and a decreased whole-body insulin sensitivity.11,21 In
contrast, in the present study the PA group had lower levels of serum
insulin and HOMA compared with the N-PA group. Besides, these
parameters were negatively associated with the time of physical
activity practice since the injury. Our findings are in agreement
with previous studies in SCI individuals, in which an increase in
whole-body insulin sensitivity assessed through electrical stimulus-
assisted cycling training has been reported.12,13 The beneficial
effects of physical training on insulin sensitivity, in both healthy

Table 4 Hs-CRP, glucose homeostasis and leptin levels of the spinal

cord injury men physically active and non-physically active

Physically active

n¼13

Non-physically active

n¼9

P

Hs-CRP (mgdl�1) 0.3±0.6 1.3±2.7 0.030

Glucose (mgdl�1) 84.3±6.2 89±8.9 0.230

Insulin (mUml�1) 8.3±4.4 13.4±5.5 0.002

HOMA-IR 1.1±0.7 1.7±0.7 0.030

Leptin (ngml�1) 3.5±1.7 9.2±2.6 0.001
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Figure 1 Associations between serum insulin concentration (a; r¼ �0.56,

P¼0.046) and HOMA (b; r¼ �0.59, P¼0.033) with the time of physical

activity practice since the injury (n¼13).
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and glucose-intolerant subjects, are well known.2 Hence, it seems that
physically active SCI individuals have increased insulin sensitivity
probably due the physical activity practice.
The mechanism for improved insulin sensitivity in physically active

SCI individuals was not established in this study. However, improve-
ments are most likely attributed to changes in muscle characteristics
and in the increased capillary density and GLUT-4 contents.22,23

Muscular changes after paralysis, as reduction in the proportion of
type 1 and type 2a fibers, could be one cause of insulin resistance in this
population.13 Therefore, it is suggested that physical activity reverses
these changes in muscle characteristics and GLUT 4 content. Studies
showed that electrical stimulus-assisted cycling (8 weeks training/3 or
7 days per week) was associated with increased type 1 and type 2a
fibers and increased GLUT-4 and GLUT-1 contents in people with
SCI.12,13,22,23 No difference between fat-free mass was found in the
present study. However, the lower fat mass in PA suggests that physical
activity may have improved insulin sensitivity in SCI individuals.
There are two limitations in this study. First, the sample size was

relatively small, mainly for non-physically active c-SCI subject.
Additionally, we did not monitor physical activity that was reported
by the subjects. However, our groups were paired according to the
level of lesion (C5-C7), sex, age and the time of lesion duration, all of
which being able to affect the results. Despite the evident limitations
of the present study, it is of clinical relevance to demonstrate the
importance of physical activity to reduce body fat and increase insulin
sensitivity, improving plasma levels of risk factors.
In conclusion, the present results indicate that improvements in

biochemical and hormonal profile were more pronounced in active
c-SCI men. Our results suggest that in physically active SCI men, the
exercise was able to reduce body fat with consequent decrease of hs-
CRP levels and increase insulin sensitivity, performing an important
role in preventing cardiovascular disease.
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