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Abstract : This study was undertaken to evaluate the postural effect on ventilatory responses during
both supine and sitting exercise.  Seven healthy men performed two exercise tests utilizing the ramp
protocol (20 watts/min) with a cycle ergometer in each position.  The results were as follows: The oxygen
uptake and the oxygen pulse measured at 180 watts and at anaerobic threshold in the sitting were
significantly higher compared with those in the supine position.  The average of carbon-dioxide output,
minute ventilation and tidal volume at lower exercise intensities showed higher values in the sitting
compared with those in the supine position, whereas there were no significant differences for respiratory
rate.  There was significant difference in the slope of the minute ventilation to carbon-dioxide output
plot between sitting and supine position.  In conclusion, the higher minute ventilation in the sitting
position was mainly performed by higher tidal volume which may counteract the effects of an increase
in physiological dead space.  The lower slope of the minute ventilation to carbon-dioxide output plot
which shows more effective ventilation in the supine position may be due to decreased physiological
dead space and higher diffusion capacity.
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The major differences of cardiopulmonary responses
between supine and sitting are caused by circulatory
alterations.  Due to reduction of hydrostatic pressure, the
blood volume shifts toward the heart.  In turn, stroke volume
and cardiac output increase1).  In addition, due to an increase
in the volume of blood in the chest, vital capacity and
functional residual capacity decrease2).  There is general
agreement that the vital capacity and the functional reserve
volume are less in the supine than in the upright position at
rest2).

Many researchers have studied cardiopulmonary
responses during supine and sitting exercise from the point
of view of cardiac function3–9).  However, it is still unclear
as to how ventilatory responses are influenced by postural
difference during exercise.  Some researchers have reported
ventilatory responses during exercise; however, these
exercises imposed a single constant work and relatively low

work load9)13).  There is little information available about
ventilatory responses during incremental exercise.

We hypothesised that these postural effects may
influence metabolic and ventilatory responses during
exercise, especially at lower work load, and these postural
effects may decrease as exercise work load increases.  We
therefore, evaluated the postural effects on ventilatory
responses and exercise capacity during supine and sitting
exercise using ramp incremental exercise protocol.

Methods

Subjects

Seven healthy Japanese men participated in this study.
The mean age, weight, and height of the subjects were 20.0
± 2.0 yr., 67 ± 9 kg, and 173 ± 4 cm, respectively.  All subjects
were active exercisers.  None took medications and no
participant had a history of cardiopulmonary disease.  The
participants were fully informed of any possible risks or
discomfort associated with these experiments before
volunteering to participate and giving their written informed
consent.
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Procedure

Both exercise tests in the supine and the sitting positions
were performed using an electromagnetically braked
ergometer (Space cycle SSR, Health Systems Co.).  For the
supine study, the seat and upper part of the ergometer were
set in horizontal and the crank axis was set above the body.
The shoulders were stabilised and feet were fixed by forefoot
loops and elastic bandaging (Fig. 1).  For the sitting study,
the upper part of the ergometer was tilted upwards at 110°
angle between backrest and floor (Fig. 1).  After a warming-
up period of 3 minutes at 20 watts, the work rate increased
as a ramp protocol at a rate of 20 watts per minute until 180
watts.  Pedal frequency was maintained 50 cycles per minute.
The same protocol was used for both supine and sitting
exercises.  These tests were randomised and approximately
1 week apart.

Instrumentation
•Variables including oxygen uptake (VO2), carbon

•dioxide output (VCO2), and other ventilation data were
measured at rest and throughout the exercise period with a
Respiromonitor RM-300 (Minato Medical Science Co.).  The
respiromonitor RM-300 consists of a microcomputer, a hot
wire flowmeter and a gas analyser.  The gas analyser contains
a sampling tube, filter, suction pump, O2 analyser made by
a zirconium element and an infrared CO2 analyser.  The

•respiromonitor RM-300 calculated breath-by-breath for VO2
•and VCO2.  The system was calibrated carefully with room

air and certified oxygen/ carbon dioxide concentration before
each test.  Throughout the test 12–leads ECGs were
continuously monitored and heart rate (HR) was measured
from the R-R interval of the electrocardiogram (ML-5000,
Fukuda Denshi Co.).  Peripheral arterial blood pressures
(systolic and diastolic blood pressure) were determined every
minute using cuff method via automatic blood pressure
monitor (Stress test system, STBP-780, Colin Co.).  The

• • • •slope of the minute ventilation (VE) to VCO2 plot (VE–VCO2

slope) was calculated as a parameter of increased
ventilation10)11).  The anaerobic threshold (AT) was

determined synthetically by criteria of the point of non-linear
increase in the ventilatory equivalent for oxygen or end-tidal
oxygen which systematically rose without an increase in end-
tidal carbon dioxicide12).

Statistical analysis

Data were compared using a Wilcoxon signed rank
analysis.  A p value <0.05 was considered statistically
significant.  Values are expressed as mean ± standard
deviation.

Results

•The data (VO2, HR and oxygen pulse) are shown in Table
•1.  The VO2 and the oxygen pulse measured at 180 watts in

the sitting position were significantly higher compared with
the supine position.  The HR at 180 watts was slightly higher
in the sitting position compared with the supine position,

•but not significant.  The VO2 and the oxygen pulse measured
at AT in the sitting position were also significantly higher
compared with the supine position.  The HR at AT showed
slightly higher value in the sitting position compared with
the supine exercise, but not significant.

•The average values of VO2 at each intensity were slightly
higher in the sitting position compared with the supine

•position, but not significant.  The average values of VCO2
•(Fig. 2) and VE (Fig. 3) at each intensity were also higher in

the sitting position compared with the supine position.  In
particular the differences were significant from before the
warming-up period to 3 minutes after exercise started.  There
were significant differences in tidal volume (TV) (Fig. 4)
between sitting and supine from the pre-warming up period
to 5 minutes after exercise start, whereas there were no
significant differences in respiratory rate (RR) by position
during each testing.  The average values of TV at AT and at
the end of exercise were significantly higher in the sitting
position compared with the supine position (p<0.05) (Table

• •1).  Finally, the VE-VCO2 slope in sitting exercise was
significantly higher than that in supine exercise, 27.0 ± 2.5
and 25.6 ± 1.7, respectively (p<0.05).

Fig. 1 Cardiopulmonary exercise testing in supine and sitting position
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Table 1 •Comparison of oxygen uptake (VO2), heart rate (HR), oxygen pulse, tidal volume
•(TV), respiratory rate (RR) and minute ventilation (VE) measured at anaerobic

threshold (AT) and at peak exercise (n=7)

Supine Sitting

•VO2 at AT  (ml/kg/min) 17.4 ± 2.8 20.8 ± 3.9*

HR at AT  (bpm) 113.6 ± 9.1 120.1 ± 6.3

Oxygen pulse at AT  (ml/beat) 10.1 ± 0.7 11.4 ± 1.5*

TV at AT   (ml) 1362.7 ± 165.3 1204.6 ± 164.7*

RR at AT  (bpm) 25.3 ± 3.4 25.3 ± 5.4
•VE at AT  (l/min) 34.3 ± 5.2 29.7 ± 2.8

•Peak VO2  (ml/kg/min) 32.6 ± 3.8 35.5 ± 3.2*

Peak HR  (bpm) 155.7 ± 17.2 162.0 ± 11.8

Peak oxygen pulse  (ml/beat) 14.0 ± 1.6 14.6 ± 1.7*

maximum TV  (ml) 2042.4 ± 324.6 1933.9 ± 240.6

maximum RR  (bpm) 37.2 ± 7.2 37.4 ± 7.6
•maximum VE (l/min) 74.2 ± 7.7 71.3 ± 10.6

Values are reported as mean ± SD.  *p<0.05 sitting vs supine.

Fig. 2 •Mean ± SD of the change in carbon-dioxide output (VCO2) during cycle exercise in the sitting position
and the supine position. R; at rest.  W; during warming up.  E; during exercise.  RE; after exercise.

Fig. 3 •Mean ± SD of the change in minute ventilation (VE) during cycle exercise in the sitting position and
the supine position.
R; at rest.  W; during warming up.  E; during exercise.  RE; after exercise.
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Discussion

•
Previous studies have shown that the maximal VO2,

maximal HR and maximal exercise intensity observed during
supine exercise tend to be lower than those observed during
sitting exercise.  This might be caused by mechanical
efficiency5) or the weight of the legs which have to be raised
against gravity4)6)7).  In addition to these, we previously
observed lower noradrenaline and angiotensin II during the
supine position, which may be taken as a reflection of a lesser
degree of activation of the sympathetic nervous system3).
Our previous results suggested that a larger blood flow is
distributed to active muscles in the sitting position due to
the raised peripheral vascular resistance in the non-active
muscles and the abdominal cavity.  In the present study also,

• •
the average values of VO2 and VCO2 at each intensity and
at AT were significantly higher in sitting exercise compared
with supine exercise from rest to the end of exercise.  These
results may be explained by the reasons above.

•
The average values of VE at each intensity were also

significantly higher in the sitting position from the pre-
warming up period to relatively lower workloads, and these

•
differences in VE related to increases TV, whereas there were

•
no significant differences in RR.  These differences in VE

and TV decreased as the exercise intensity increased.  This
•

is in agreement with other published observations that VE

and TV are  higher in the sitting position than in the supine
position at low level exercise workloads8)13).  It has been
observed that, during four levels of exercise (12.5, 25, 37.5,

•
50 W), VE and TV were greater in the sitting position, and

•
the greater VE observed during sitting was due to greater

•
TV13).  The higher VE during sitting exercise may be mainly
metabolically mediated, and that this was most likely caused
by greater muscle activities which was confirmed by higher

• • •
VO2 and VCO2.  In particular, in this study, higher VE during
sitting exercise was mainly performed by higher TV.

•
McGregor et al. observed that VE was higher in the sitting
position at rest and at moderate workload (50 and 90 watts).
He also observed that this was due to a high RR9).  The
McGregor’s result is in variance with our observations that

•
greater VE observed during sitting exercise is due to RR.
The McGregor’s study utilised a mouthpiece with noseclip
while our study used a gas sampling mask.  Sackner et al.
reported the influence of a mouthpiece with noseclip on
respiratory responses during exercise14).  When subjects
performed cycle exercise with the use of a mouthpiece, RR

•
and VE were greater whereas TV was unaffected.  Therefore,
the difference in measurement technique between their study
and ours may account for the difference in results.  In
addition, the McGregor’s study used cycle rates between 70
and 75 per minute.  Thus, the difference between our
observation and his may be due to differences in the protocol
of exercise.

Possible explanations of the difference in ventilation
between supine and sitting are related to the mechanical and
physiological differences.  In the supine position, the
diaphragm is elevated, and the elevated diaphragm alters its
mechanical advantage1).  In addition, an increased venous
return makes lung blood volume increases1).  Increased lung
blood volume makes the physiological dead space
decrease2)15).  Craig et al. showed that the VD/VT ratio
decreased from a mean value of 34 percent in the upright
position to 30 percent in the supine position16).  In sitting
position, the physiological dead space increases relatively.
As a result, subjects would counteract the effects of an
increase in physiological dead space by a corresponding
increase in the minute ventilation to maintain an alveolar
ventilation.

• •
We also observed that the slope of the VE-VCO2 was

Fig. 4 Mean ± SD of the change in tidal volume (TV) during cycle exercise in the sitting position
and the supine position.
R; at rest.  W; during warming up.  E; during exercise.  RE; after exercise.
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greater during sitting exercise than that during supine
• •exercise.  The lower slope of the VE-VCO2 shows more

effective ventilation.  Stokes et al. noted that the lung’s
diffusion capacity for carbon-dioxide was higher in the
supine position than in the sitting position17).  Thus, more
effective ventilation in the supine position may be due to
increased alveolar ventilation following to decreased
physiological dead space and higher diffusion capacity for
carbon-dioxide.

 In summary, this study demonstrates that there are
•significant differences in VE and TV between supine exercise

and sitting exercise,  in particular, at relatively lower exercise
•workloads.  These differences in VE and TV decrease as the

exercise intensity increases.  There is more effective
ventilation in the supine position.  Clinically, it is important
to consider appropriate exercise positions based on the
knowledge of postural effects to ventilation.
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