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Cardiorespiratory Responses to Exercise under Moderate Hypoxia
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Farry nannal healthy service personne! were subjected lo a
comparative study of treadmill exarcise at ground level (GL)
and under mederale hypoxis al & simulated altitude of 4,572
m In a decompression chamber, Twenly of them belonging to
younger age group (mean age 1.3 1+ 5.1 yrs) were given
maximal exercise whereas the other lwenly, with mean age of
30.6 4 4.86 yrs, ware axarcised upto submaximal hear! rate.
Elecirocardlographic snalysis in e, both during treadmiii
exorclze at GL apd under hypoxis, wes normal excluding
Ischasmic heart disease. Treadmill exerclses carrlod uplo the
targel hreart retes under hypoxis were of significantly shorter
duratlon compared to GL valuea both In casos where the
sulects were lken lo submaximal lerget heart rate (Phase |
stdy) and moximel hearl rale (Phase Il study). Orxygen
consumption rale as datermined In Phase | study al targe!
submaximal heort rate was found significantly reduced at
hypoxia compared to GL value. Resting heart rate was found
significantly hlgher vnder hypoxla as compared o GL in bolh
phuoses wherens rale of recovery from sxerciss hoeart rate was
faster durng hypoxis partlewlarly following maximal
exorcise. Tha systolle, diastolic and mean arlerisl blood
pressures recorded gl pesk submaximal axercises ot GL and
under hypoxla did nat show any significen! difference.

Keywords: Siress test, treadmill exercise In decompression
chamber, elecirocardiographic changes.

Graded mullistage treadmill (TM) exercise
with an-line recording of heart rale, blood pressure,
ECG and oxygen consumption is frequently
employed for diagnosis and rehabilitation of coronary
artery disease. It is also used for assessment of
physical fitness and physiological paramelers. While
all these studies are carried out at ground leve! (GL),
very few reporls are available on TM exercise under
hypoxia. This sludy was carmried out in normal healthy
subjects exercised at GL as well as undar moderate
hypoxia as simulated in a Decomprassicn Chamber
~with a view o evaluale the changes in cardio

respiratory responses to exercise under this alterad
environment.

Materials and Mealhod

Forty healthy service personnel were includedinthis
study camied out in two phases. The mean age of the 20
subjects of Phase | study involving submaximal exercise
was 30.0 + 4.86 years. In Phase |l study subjects
comprised of relatively younger age groups (213 + 51
years) and were laken lo maximal exercise. The mean
haight, weight and body surface area of the subjects of
both phases are presented in Table |

All subjecls were evaluated In datail wilth
recording of present, personal, past and family
histories, general physical and systamic
examinations, relevent laboratory investigations,
skiagram of chest and hear and resting 12 lead FCG
followed by Double Master two step (DMT) exercise
and wera considered as heallhy,

Exercises wers perlormed on a treadmill
specially labricated to (it inside the decamprassion
chamber al the Institute of Aviation Medicine,
Bangalore. ECG was conslanlly monitored on an
oscilloscope dunng the test and periodically
recorded on a Grass Model 5 D Polygraph installed
outside the Decomprassion Chamber.

Day 1 study included TM exercise at GL.
Pre-exercise resling blood pressure, respiratory rale,
12 lead and CM5' ECG were recorded. T_!}u'l exercise
was conducted as per Bruce Protocol =. Phase |
subjecls were exercised uplo 85% of the age
predicted maximal hearl rate whereas Fhase |
subjects were exercised upto age predictad maximal
heart rate. Heart rate, ECG (CM5), and blood
pressure were recorded al the end of each stage, at
85% of maximal heart rate and at peak exercise in
Phase Il subjects. The post exercise recordings of
ECG and blood pressure were done at 5 min, 10 min
and 15 min after end of exercise,

Day 2 evaluations consisted of TM exercise al
simulated altitude of 4572 m (15000 ft) in the
decempression chamber raised at the rate of 3004 ft
permin. Afler 45 min of rest at this simulated altitude,
recordings of hean rate, blood pressure, respiratory
rate and ECG (12 lead and CMS) were completed.
The TM exercise was then carried out till the
achievement of target submaximal heart rate in
Phase | subjects and maximal heart rate.in Phase i
subjecis asin Day 1.

Measuremeant of oxygen uplake was made in all
subjects of Phase | study, on reaching submaximal {target)
heart rate during TM exercise at GL as well as under
hypaxia, expired air being collecied lhrough a low
resistance breathing valve into a Douglas bag, Expired air
analysis was made by Mico Scholander apparatus.
Oxygen uptake values were corrected to STPD,
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Table -1 Age and physical characieristics of the subjects. [mean + (sd)]

Analysis of resling 12 lead ECG aller 45 min
stay al sirmulated hypoxia as compared 1o GL is
presented in Table |, Both Phase | and Phase Il
subjecls showed signilicantly. higher hearl rales
under hypoxia than al GL. The mean values of P
amplitude, PRinlerval, QRS duration and QT interval
of the subjects did not show  signilicant differences
Betweaan hypoxia and GL. The mean QRS fronal
axis showed significanl deviation to the righl in
subjects of both phases under hypoxia as compared
to GL. There were also Increases in R amplitude in
V1 and V2 under hypozia, though the diflerences
belween hypexia and GL values were not found
signilicant.

Table NIl presenls the mean values ol
cardio-respiratory functions during rest, submaximal
exercise (85% of the target maximal heart rate) and
at 15 min recovery from exercise from exercise under
hypoxia and GL as obtained in Phase | study.

The mean exercise time 1o reach targat head
rate was Tound significantly {p < 0.05) reduced under
hypoxia (7.8 min) than at GL (10.3 min). While the
mean target submaximal heart rate was similar, beth
resting and 15 min recovery heart raies were found
significantly higher at hypoxia than at GL.
Percentage rata of recovery from submaximal
cxercise value of heart rale did not show any
differences between GL and hypoxic exposure.

The mean systelic Blood pressure showed similar
nise with exercige, with no significant differences balwean
the values obtained under hypoxia and GL. Recovery
systolic blood pressure also showed no diferences to
allitlude condilions. Diaslolic blood pressure valses virtually
showed no change on exercise both under hypoxia and at
GL. Also there were no alitude differences in diastolic
pressure response al resl, exrarcise and recovery.

Ind J Asrospace Med 31(2) December 1957

- .

Paramalers Phasa | Phasa |
(n=20) (n=20}
Age (yrs) 306 (4.86) 213 (5.10)
Weilght (kg) 59.8 (5.29) 588 (6.70)
Height {em) 168.5 (4.96) 1734 (5.10)
Body surface area (m”) 1.66 (0.20) 1.68 (0.10)
Resulls Cxygen uptake obtained al the last lwo min of

submaximal target hearl rate exercise showed
significantly (p < 0.05) lower mean values uncdar
hypoxia (1.347 Umin) than at GL (1,461 limin).

Table IV prasenls the hearl rale responses of
Phase |l study conducted on subjects laken to larget
maximal heart rale exercise at GL and under

hypoxia.

Exarcise time lo reach 85% maximal hearl rales
was signilicantly reduced under hypoxia (9.5 min)
compared to GL (11.5 min). Also target maximal
heart rate was reached significantly earlier under
hypoxia (12.8 min) than at GL {(15.5 min),

Maximal heart rate remained comparable under
both conditions. Resting heart rale was significantly
higher undar hypoxia. Recovery hearl rate from
maximal heart rate exercise was found marginally
higher under hypoxia. Rate of recovery from maximal
hearl rate was on the other hand faster under
hypoxia, as seen in the signiticantly higher rate of
recovery percentage (85.5%) under hypoxia than
that seen at GL (77.495).

Discussion

This siudy of treadmill exercise under moderate
hypaxia was carried oul in normal heallhy personsio
gstablish standards for subsequent evaluation of
disease and ECG abnormality by this dual stress,
i.e., TM exarcise under maderale hypoxia. Exposure
to moderate hypoxia prior to exarcise resullad in
ECG changes like significant increase in heart rate,
shift of QRS frontal axis to the right and marginal
increase in amplitude ot P and rwaves in V1, V2 as
compared to those in resting ECG at ground level.
These fin:din%s were in agreement to earier
ubsewaﬁonsﬂ' * However, none of the subjects
showed ST-T changes in left ventricular leads (V5,
Ve) under hypoxia - a finding often described as
indicative of latent ischaemic heart disease™®
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Table - Il Mean electrocardiographic data at rest, at GL and under hypoxia,

Phasa | (n=20) Phasae Il (n=20)
GL Hypoxia GL }-Iypuhic' i
Heart rale(bpm) 69.50 81.40" 67.50 82.80™
P amplitude lead 1 {mm} 1.62 1.81 1.41 1.56
PR intarval (sec) 0.16 014 014 0.13
QRS frontal axis (deg) 47.30 58.60° 51.40 60,307
RinV1 (mm 317 178 2.14 342
Rin V2 (mm 6.40 7.10 580 G5.40
Table - Il Cardiorespiratory parameters at rest and submaximal treadmill
exercise al ground level and under hypoxia - Phase | _ [mean (sd)]
Ground lavel ~ Hypoxia
Al rest Al peak 15" after Al ras| Al peak 15'aftar
TMexercise  exarcise M exercise Baxercise
Total time of submaxinﬁ;!
CRArGISa [min) 10.3(1.81) 7.8(1. 79"
Hearl rale (spm) 69(4.5) 158 (5.2) 89(7.8) 81(68)"*  156(5.16) 98(7.1)"
Recovery (%) 76.8(3.4) 7RA(2.8)
Systclic BP (mm Hg 118(5.9) 153(8.8) 120(6.4) 120(4.8) 16(6.9) 118(8.8)
Diastolic BP {mm Ha) 79(7.5) 78(6.8) 79(5.9) 79(7.4) 78(8.1) 18(7.2)
Cxygen consumplion gmin STPD) 1.461(0.246) 1.347(0.209)"

Table -1V

Heart rate responses at rest and treadmill exercise at ground level

and under hypoxia - Phase ll [mean + (sd}]
Ground lavel Hypoxia
At peak 15°aftar Atrest Atpeak 15'altar
Atrest TMesxerciser  exgicise TM exercise  exercige
Tolal fime of exercise (min)
a) Tl submaximal
target HR 115(14) g.5(13y
b} Till maximal
target HA 155{1.8) 12821
Heart rate (spm) 88 (8.5) 186 (7.8) 94(6.5) 83(7 8)° 184(8.4) 98 (5.8)
Recovery () 774 (4.5) 85 5(4.8)°

68

#= p< 0.05ascomparedtoGL

#% = p< 0.001 as compared 1o GL
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Exercise under hypoxia show proportionate
increase In heart rate as at ground level, but the
target heart rates {(maximal and 85% of the maximal
heart rate) are reached at considerable lower work
load under hypoxia. Oxygen consumption during
exerclse Is found to be constant for a given work foad
under hypoxia as at ground Ieve;rrbm VO2max shows
decline wilth increase ol allilude”. Heart rale always
remaing higher at altitudes even for low and
moderale exercise as compared to that at sea level
a conslant phenomenon observed by several
warkers during g%bmanima} and maximal exercises
al high altiludes™".

In the present sludy, larget hean rates, both
submaximal and maximal, were reached in
significantly less time and at lower rate of work load
under hypoxia as compared to GL. Also, significantly
lower values of oxygen consumption were reached
under hypoxia at target submaximal heart rale

The recovery rale following maximal exercises
under moderate hypoxia was found to be faster as
compared to the same at ground level. The possible
explanation for the faster recovery rate may be a
comparatively higher pre-exercise hear rate under
moderate hypoxia and mora importantly a less
duration of exercise to reach the peak iarget hearn
rate under hypoxia. Otherwise, the abisclute value of
recovery hearl rate was generally found higher
following exercise under hypoxia.

As seen in Table |ll, blood pressure
measurements at rest, peak exercise and recovery
did nol indicate any significant differences between
hypoxia and ground level exposure. However, the
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observation that a comparable sysiglic blood
pressure was attained under hypoxia and at ground
level once the target heart rate (85% of maximal
heart rale) was reached is of relavance for tha
purpose of standardisation of this slress lest
Cbvicusly, as compared to ground level condilion, on
shot term exposure 1o moderale hypoxia a
proportionate cardiovascular loading Is attained at a
shorter duration of TM exercise protocol and
standardisation of this dual strass test of TM for
exercise in combination with hypoxia, may be made
on the basis of the largel heart rale itsell.
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