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The effect of autonomic nervous system dysfunction on
oxygen consumption during daily living activities in patients
with spinal cord injury

B Yılmaz, S Göktepe, E Yaşar, S Kesikburun and E Adıgüzel

Study design: Case–control study.
Objectives: To investigate the level of autonomic nervous system dysfunction in patients with spinal cord injury and to determine its
effect on the basal metabolic rate and oxygen consumption during daily living activities.
Setting: Turkish Armed Forces Rehabilitation Center, Ankara, Turkey.
Methods: Thirty-six patients with chronic spinal cord injury (SCI) were allocated into two groups according to the presence of
autonomic nervous system dysfunction. Autonomic nervous system dysfunction was investigated with the measurements of blood
pressure and heart rate during urodynamic examination and several provocative maneuvers (standing at tilt table, forcing deep
respiration and Valsalva). Groups were compared in terms of the basal metabolic rate and oxygen consumption during daily living
activities. Measurement of the basal metabolic rate was determined by indirect calorimetry under standardized conditions. Total body
fat mass and lean tissue mass were measured in all participants using dual-energy X-ray absorptiometry by standard methods.
Telemetric intrapulmonary gas exchange analyzer was used to measure oxygen consumption during daily living activities.
Results: There was no statistically significant difference between the groups in age, time since injury, body mass lean and fat rates, or
sensory and motor scores (P40.05). Basal metabolic rates and oxygen consumption during daily living activities were not different
between the groups (P40.05).
Conclusions: These results suggest that the presence of autonomic dysfunction does not change oxygen consumption at rest and
during daily living activities.
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INTRODUCTION

Obesity is a common complication after spinal cord injury (SCI).
Muscle paralysis and inactivity lead to alterations in body composition
including a decrease in lean tissue mass and an increase in body fat.1

In parallel, the probability of adverse metabolic sequels such as glucose
intolerance/insulin resistance, hyperlipidemia and cardiovascular dis-
eases increases with lengthened life expectancy in patients with SCI.2–5

Depressed total daily energy consumption causes an increase in risk of
obesity.
Basal metabolic rate (BMR) is the amount of energy needed to

sustain the involuntary activities of the body including maintaining
muscle tone, body temperature and proper functioning of the heart,
lungs and gastrointestinal tract. These involuntary activities are mostly
regulated by the autonomic nervous system.6,7 Thus, it might be
thought that disorders of sympathetic control cause alterations in basal
metabolic activity and oxygen consumption.8–13 After SCI, autonomic
nervous system dysfunction is a common complication mostly seen in
patients with T6 or upper-level injuries. Monroe et al.14 showed that
total energy consumption and the resting metabolic rate were lower in
patients with SCI compared with that in able-bodied people and
claimed that this difference might be due to reduced sympathetic

nervous system activity, as well as a decrease in physical activity.
However, they did not assess the level of autonomic nervous system
activity in their study. Another study15 found that patients with T6 or
upper-level injuries and autonomic dysfunction had lower BMR
compared with patients with T7 or lower-level injuries. It was
concluded that autonomic dysfunction might have an effect on
BMR. The effect of autonomic nervous system dysfunction on oxygen
consumption has not been studied.
The objectives of this study were to investigate the effect of

autonomic nervous system dysfunction on task-related oxygen con-
sumption during daily living activities and BMR patients with SCI and
to determine daily energy need of patients with the different spinal
injury level.

MATERIALS AND METHODS

Study design and participants
A case–control study design was undertaken. Thirty-six patients with SCI who

were admitted to our rehabilitation center were considered for inclusion against

the following inclusion criteria: (1) chronic SCI (minimum duration of

6 months post injury), (2) SCI of traumatic origin, (3) ASIA (American Spinal

Injury Association) impairment scale of A or B, (4) inability to walk and (5) age
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of 18–55 years (young adult and middle-aged population). Patients were
excluded if they had (1) lower motor neuron injury (cauda equina and conus
medullaris syndrome), (2) thyroid dysfunction, (3) cardiopulmonary instability,
(4) amputation (5) heterotopic ossification, (6) pressure ulcer, (7) infection, (8)
concomitant head trauma and (5) history of chronic alcohol intake. All
participants provided written informed consent. The study protocol was
approved by the Local Ethics Committee.

Procedures and outcome measures
The patients were allocated into two groups. Group I includes the patients
without autonomic nervous system dysfunction and Group II includes the
patients with autonomic nervous system dysfunction. The diagnosis of
autonomic nervous system dysfunction was based on mainly abnormalities in
autonomic control of cardiovascular system. Therefore, autonomic dysfunction
in the study actually referred to autonomic cardiovascular dysfunction. First of
all, autonomic nervous system dysfunction was investigated with the measure-
ments of blood pressure and heart rate during urodynamic examination. A
blood pressure of 4140/90 mm Hg and a heart rate of 4100 beats per minute
were regarded as autonomic dysreflexic response. In addition, each patient was
assessed with several provocative maneuvers to detect autonomic dysfunction.
Provocative tests were orthostatic hypotension while standing at the tilt table
(a decrease in systolic blood pressure by at least 20 mm Hg or in diastolic blood
pressure by at least 10 mm Hg within 3 min of orthostatic challenge was
defined as criteria of orthostatic hypotension), ratio of maximum and
minimum R–R distance at electrocardiogram with six forcing deep respiration
in a minute (a ratio below 1.20 was abnormal) and the ratio of maximum and
minimum heart rate during Valsalva maneuver (a ratio below 1.10 was
abnormal).16,17 An abnormal response to either urodynamics, orthostatic
challenge or in the heart rate variability response to deep breathing or Valsalva
was sufficient to classify them as having autonomic dysfunction. It means that if
a patient had an abnormal response in one of the tests, he or she was
considered as having autonomic dysfunction even if all other tests were normal.
All provocative tests were listed in Table 1.
Demographic data including age, time elapsed since injury, etiology of injury,

injury level and AIS (American Spinal Injury Association Impairment Scale)
grading were recorded. Clinical parameters including total motor and sensory
score obtained from the standardized AIS (American Spinal Injury Association
Impairment Scale) clinical exam, the total functional independence measure
score18 and the average Ashworth Scale19 score assessed on lower extremity
muscles for spasticity were evaluated because of their possible effects on
functionality and energy expenditure in SCI. Patients were also assessed with
the following outcome measures: (1) BMR measured by indirect calorimetry,
(2) body composition assessed using dual-energy X-ray absorptiometry and (3)
oxygen consumption during daily living activities measured by telemetric
intrapulmonary gas exchange analyzer.
Measurements of BMR were determined by indirect calorimetry under

standardized conditions, using a nose clip and a respiratory valve with rubber
mouthpiece held in place by a mechanical arm. The automatic gas analyzer
(Sensormedics 29c; Sensormedics, Yorba Linda, CA, USA) was calibrated before
each measurement and was also regularly calibrated for volume. All measure-
ments were performed between 0800 and 0930 hours after an overnight fast
(12–14 h), and room temperature was maintained at 22–24 °C. Each patient

rested for 10 min before the start of the measurement and was given the
opportunity to get acquainted with the new environment, mouthpiece and nose
clip. During the measurement, the patient was supine on a bed. The gas
analyzing system measured VO2 consumption continuously over a period of
45 min, and printouts were made at 1 min intervals, describing the mean values
per minute. The first 15 min of each recording were discarded, as measured
values have been shown to be significantly higher compared with a subsequent
period of measurement20 and to ensure a steady state.21,22

Lean and fatty tissue mass was measured in all participants using DXA by
standard methods (model PDX-MD; Lunar Radiation, Madison, WI, USA).
Whole-body scanning of the subjects, positioned prone on the scanner table,
was performed with a congruent beam of stable dual-energy radiation at two
different energies. The ratio of absorption between the two X-rays of different
energies was linearly related to the free fat mass tissue compartment.13

Telemetric intrapulmonary gas exchange analyzer (Oxycon Mobile, Jäger,
Würzburg, Germany) was used to measure oxygen consumption during daily
living activities. It is a lightweight (950 g) portable spirometric device. The
device measures the oxygen concentration through an electrochemical sensor
and data are transmitted telemetrically and recorded on a personal computer.
During activities, the device was comfortably strapped to the chest or the back
of the patients. Oxygen uptake (VO2)(ml min− 1) and carbon dioxide output
(VCO2) were measured with the breath-by-breath method. Before data
collection, the system was calibrated using the calibration gas cylinder to
ensure that all parameters were at baseline levels to avoid any misleading
readings. Each patient practiced using the facemask of the device beforehand.
After an adequate rest period with the facemask, the measurement was carried
out during daily living activities including upper body dressing, lower body
dressing, bed to chair transfer and toilet transfer. Those activities were chosen
because they are also assessed in the functional independence measure. In
addition, energy expenditure was measured during a single tour of wheelchair
training track that is specially designed for wheelchair users. A single tour of
this track included wheelchair activities of going uphill, going upstairs, going
downstairs, passing over barriers with different heights and going on different
grounds including sandy, gravelly and rocky. It took 20 min to perform all
those activities consecutively. VO2 and VCO2 were determined during the final
15 min of the activities to ensure a steady state.

Statistical analysis
To achieve a minimal clinically important difference for VO2

(3.4± 3.5 ml min− 1) based on literature with regard to spinal cord injury, 18
patients per group were calculated using the 5% significance level and 80%
power. Thirty-six patients with SCI were included in the study.
Data analysis was performed using SPSS for Windows, version 13.0 (SPSS

Inc., Chicago, IL, USA). Data are presented as mean± s.d., unless otherwise
indicated. An independent-sample t-test and χ2 test/Fisher’s exact test were used
to compare patents’ baseline characteristics between the two study groups. An
independent-sample t-test was used to compare outcome measures between the
groups. A value of Po0.05 was considered statistically significant.

RESULTS

Thirty-six male subjects with a mean age of 24.5± 3.8 years in Group I
and 27.7± 8.1 years in Group II participated in the study. There were

Table 1 Provocative tests performed to investigate the presence of autonomic dysfunctiona

Interpretation of autonomic dysfunction

The measurements of blood pressure and heart rate during urodynamic

examination

A blood pressure of 4140/90 mm Hg and a heart rate of 4100 beats per minute

Orthostatic hypotension while standing at the tilt table A decrease in systolic blood pressure by at least 20 mm Hg or in diastolic blood pressure by

at least 10 mm Hg within 3 min of orthostatic challenge

The ratio of maximum and minimum R–R distance at electrocardiogram with

six forcing deep respiration in a minute

A ratio below 1.20 was abnormal

The ratio of maximum and minimum heart rate during Valsalva maneuver A ratio below 1.10 was abnormal

aAn abnormal response to either urodynamics, orthostatic challenge or in the heart rate variability response to deep breathing or Valsalva was sufficient to classify them as having autonomic
dysfunction.
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no significant differences in patients’ demographics and baseline data
between the groups (P40.05). Detailed demographic and clinical
characteristics of the patients are presented in Table 2.
Comparison of oxygen consumption, carbon dioxide production,

lean tissue mass, fatty tissue mass and BMR did not show a significant
difference between Group I and Group II (P40.05). Study outcome
data are presented in Table 3.

DISCUSSION

The study aimed to investigate the changes in energy metabolism to
define the effects of autonomic dysfunction in SCI. The results showed
that there was no difference between the patients with SCI who had
autonomic dysfunction and those who had not in terms of task-related
oxygen consumption during daily living activities and BMR.
The possible effects of autonomic dysfunction on energy metabo-

lism in chronic SCI were first reported by Bucholz et al.23 No
difference was found in paraplegics with the spinal injury level
affecting cardiac sympathetic innervation in terms of energy expendi-
ture. The limitations of that study were that functional capacity of the
subjects was not measured and energy expenditure was measured with
a formula using heart rate monitoring. The specific effect of
autonomic dysfunction on energy metabolism was investigated in a
study by Yılmaz et al.15 The difference in BMR was close to significant
between patients with T6 or upper-level injuries and patients with T7
or lower-level injuries. In that study, the presence of autonomic
dysfunction was predicted using injury level only, and there was no
other objective assessment. Autonomic dysfunction occurs most often
in patients with spinal lesions above the T6. However, it can occur
rarely in patients with a lesion as low as T10.24 There were four
patients with spinal lesions below T6 who had autonomic dysfunction
in the present study. They all had complete neurological lesion with
the spinal level of T8 and T9.25 In this study, the presence of
autonomic dysfunction was determined after a detailed evaluation
of the autonomic nervous system. With more reliable assignment of
patient groups, it can be assumed that the data provided in this study
are more reliable.
However, the findings of this study may be considered surprising

because the current knowledge of physiology should have indicated
that cardiovascular autonomic dysfunction would have an impact on
energy metabolism. It could therefore be expected that the presence of
autonomic dysfunction would have a role in oxygen consumption and
BMR of patients with SCI. As a result of these findings, some
hypotheses to account for this perplexity may be suggested. Some
adaptive mechanisms elicited after SCI may lead to a compensatory
regulation in energy metabolism against autonomic dysfunction. This
adaptation might occur by means of humoral receptor mechanisms.
This proposition may be studied in future laboratory research
comparing patients with SCI in the acute stage and the chronic stage.
The renin–angiotensin system might be one of those adaptive
mechanisms. There is evidence that the role of the renin–angiotensin
system in maintaining blood pressure is changed in patients with
SCI.24 However, the data of blood pressure were lacking in the present
study; hence, a comparison could not be implemented between the
groups. It would be worth investigating whether the way the

Table 2 Patients characteristics

Patients with autonomic

dysfunction, Group I

(n=18)

Patients without auto-

nomic dysfunction,

Group II (n=18)

P-value

Age (years)a 27.7±8.1 24.5±3.8 40.05

Sex (male/female) 18/0 18/0 40.05

Mean time after

SCI (months)a
32.1±10.0 27.7±27.8 40.05

Etiology 40.05

Gunshot wound 5 (27.8%) 5 (27.8%)

Car accident 7 (38.9%) 9 (50.0%)

Falling 6 (33.3%) 4 (22.2%)

Neurological level

of injury

40.05

C7–C8 2 (11.1%) —

T1–T6 12 (66.7%) 7 (38.9%)

T6–T12 4 (22.2%) 11 (61.1%)

AIS 40.05

A 12 (66.7%) 10 (55.5%)

B 6 (33.3%) 8 (44.5%)

Spasticity

(Ashworth scale)

40.05

0 1 (5.5%) 1 (5.5%)

1 9 (50.0%) 10 (55.5%)

2 8 (44.5%) 7 (38.9%)

3 — —

Total motor scorea 50.1±1.0 49.7±0.7 40.05

Total sensory scorea 63.4±11.0 66.3±11.1 40.05

Total FIM scorea 118.6±1.4 118.3±1.5 40.05

Abbreviations: AIS, American Spinal Injury Association (ASIA) Impairment Scale;
FIM, functional independence measure; SCI, spinal cord injury.
aMean plus/minus s.d.

Table 3 Study outcome dataa

Patients with autonomic dysfunction, Group I

(n=18)

Patients without autonomic dysfunction, Group II

(n=18)

P-value

Oxygen consumption (VO2) (ml min−1)b 608.4±102.6 618.4±121.3 40.05

Carbon dioxide production (VCO2) (ml min−1)b 684.8±125.1 696.9±134.0 40.05

Lean tissue mass (kg) 44.9±10.0 44.1±57.3 40.05

Fatty tissue mass (kg) 18.3±41.1 18.8±50.7 40.05

BMR (kcal per day) 235.6±49.8 214.7±40.0 40.05

Abbreviation: BMR, basal metabolic rate.
aMean plus/minus s.d.
bVO2 and VCO2 measured during daily living activities.
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cardiovascular system responds during everyday activities differs
between patients with or without autonomic dysfunction. A limitation
of this study is that validation and reliability of the mobile telemetric
intrapulmonary gas exchange analyzer is not known in patients with
SCI. However, the measurement of oxygen consumption was per-
formed with a portable device while performing daily living activities
and using a wheelchair on a specially designed track. It seemed to be a
rational method for measuring task-oriented energy expenditure in
SCI. Real conditions were provided for patients with SCI rather than a
laboratory setting. A similar method has been used in sports activities
for wheelchair users.26 As another limitation, it should be noted that
all the measurements of autonomic dysfunction used in the study
might not be relevant when taking into consideration the adjustments
of the cardiovascular system during everyday activities that might
impact on oxygen consumption. For example, the presence of
autonomic dysreflexia may not be as good a measure as the response
to orthostatic challenge.

CONCLUSION

These results suggest that the presence of autonomic dysfunction after
SCI does not make any changes in BMR and oxygen consumption
during daily living activities. Future studies should focus on the effect
of autonomic dysfunction on energy expenditure during exercise and
other high-intensity activities in patients with SCI.
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