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Twalve untrained men with no hisfory of rouling
physieal training o the last ane year and 10 tralned men
with 10 te 15 km @ day, 6 days a waek, endursnce running
fn the past 1 to 3 yoars were atudied for lhelr exercise
parformance by cycle orgomalry.

The tealned group hed » 35% higher mean vaiue af
VOs max (36.7 | 3.7 miimin/kg) than that in the unirained
group (.7 | 5.2 mliminkg). The mean VAT value on the
ather hand, was 73% higher In trained group (30.5 £ 3.8
mi‘mintkg) then in the wniralned (177 = 4.9 mimindg).
The weroble status of the trained group vis-a-vis the
unitreined group was thus betler sppreciated In terms of
VAT in comparison with the maximal exsrcise
performance.

Koy words Aerobic: capacily, anaerobic
threshold, endurance ralnlng.

Maximal oxygen uptake (VOzmax) defined
as the highesl oxygen uptake that an individual
can attain during physical work breathing air at
sea level, has received wide acceptance as the
primary  determinant  of  cardicrespiratory
endurance capacity'. However, individuals with
similar values of VOzmax often perform differently
in an endurance evenl. Thess cbsersations
suggest that measures other than VOzmax may
be important determinants of endurance
performance®. ©ne such measure is fhe
Anaerobic Threshold (AT). defined as the highest
work rale for which the energy requiremenis are
solely obtained from oxygen uptake and hence
withoul concomitant anaerobiosis® Wasserman et
a® postulated that the AT can be determined
during progressive exercise by cbservation of this
point just above which a dispreportionate increase
in ventilation (VE) ocours against increment in

work rate or oxygen uptake. The tundamental
premise of this postulation is that the changes in
muscle and blood lactate conceniration occur
almost simultanecugly and the point of elevalion
in blood lactate can be used to characlerise
metabolic acidosis and threshold of allered
ventilation - oxygen uptake relationship”.

With respect to endurance perlormance,
the AT has recently been described as a key
parameter which, lo a large extent, defines the
ability to sustain high intensity work without a
concomitant lactic acidosis which otherwise would
have adversely affected the performance” ', AT
deduced by parameters of altered Ve and VQ2
relationship 15 better termed  'Ventilatory
Anaerobic Threshold' (VAT), to distinguish it from
that determined by measurements of changes in
biood laciate canceniration '

In this study, evaluation of VAT and other
parameters of exercise tolerance was made in
two different groups of individuals, one with a
relatively sedentary life style and the other
comprising endurance trained athletes.

Material and Methods

Twenty two healthy male nonsmokers
ranging from 19-30 years in age served as
subjects for this study. The nature and purpose of
the study and the risk involved were explained to
these volunteers who were ascertained o be
normal by history, physical examination and
rasting ECG
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Out of these 22 subjects, 12 were untrained
individuals from the laboratory personnel,
whereas 10 were undergoing endurance
training (running for 10-15 km per day) for a
period ranging from 1-3 years. The physical
characteristics of the subjects are given In
Table I.

Table | : Physical Characteristics of Subjects

Groups  Age(¥m) Heghifome)  Weighi(kgs)  BSA(sam)
Uplrainpd 2804042 112147 582 kB3 1M+ 012
(=12)

Endurance f
Traurind 22447 1ERZxdd 625412 1884 001
(=1

The sludy was carried oul in a comiontable
laboratory  environment, with an ambient
temperature from 21-29 dag C, in the Depariment
of Physiology at Institule ol Aerospace Medicing,
|AF, Bangalore.

Each subject performed incremental
exercise test to the point of tolerance on an
electrically braked cycle ergometer (LODE,
Holland). After 4 minutes of unicaded
gxercise,work rale increased in increments of 25
watls each minute. The pedaling rale was
maintained at 80 rpm.

During the test, subjects breathed room air
through a low resistance breathing valve
(Hans-Rudolph) connected 1o an on-line
spirometric  system (OXYCON-4, MIJNHARD,
HOLLAND). An electrocardiographic monitoring
was done continuously on CM-5 lead. VOamax
was taken as the maximal oxygen uplake a
subject could aftain during the experiment. VAT
was determined for each subject from the piot of
his pulmonary ventilation against work rate by the
observation of the point where VE began 1o
increase non linearly.

Results

Table |l presents the maximal work load
reached (PWC), VOzmax and VAT values for the
untrained and endurance trained groups. PWC In
untrained group shows a mean value of 200 + 30
watts whereas in endurance trained group Ihe
mean value was 240 + 13 watls. The VOemax in

the untrained and trained groups was 2.17 + 0.33
Vmin and 275 t 021 Vmin respectively.
Expressed in mikg/min, the values were 34.7 +
52 and 467 + 3.7 respeclively. Thus, the
endurance firained group exhibited values ol
VOzmax 267 and 346% higher than the
untrained groups, expressed In Vmin and
mikg/min respactively. The differences were
highly significant (p<0.01).

VAT had a mean value of 100 + 23.8 watls
in untrained group. Expressed In VOg, VAT values
were 1.10 + 0.32 Vmin or 17.6 + 4.9 mi/kg/min, In
endurance frained group, the corresponding
valuas were 155 + 19.7 watts, 1.78 + 0.23 Vmin
and 30.5 £ 3.8 mikg/min,

Thus, expressed in watts, VOz(l/min) and
VO3 (mikg/min) respectively, VAT values in the
endurance trained group were 55%, 62% and
73% higher than in unirained group, the
differences being highly signiticant (p<0.01).

Table ll: VAT and Other Parameters of Exarcise

Talerance
Unirainied Group Enduranee Trained 'r
Group
PWCmax (wetts) 200+ 300 2404129 390
WOnmax (lmin} 2174038 #7500.2 477
YOymax (mikgmm) 347152 A8 7£37 6.15
VAT (wat) 100238 185+ 187 582"
VATVOg (Umin) 10 E0a 1724028 553
VATVOR imbkgimin) 177 £438 W5+38 - E.78
= p<0.01 '

Discussion

in this study, VAT, PWC and VOzmax were
gvaluated in two different groups of individuals.
The untrained group was constituted of the
Institute staff and student members with no
routine endurance training exarcise in the last one
year. The other group comprised of a
homogensous congregation ol Army Personnel
engaged in heavy endurance fraining viz running
for 10-15 Km per day for 1-3 yrs. The endurance
trained group, was found 1o have an average
VOsmax of 2.75+0.21 Vmin or 46.7+3.7 mi/kgimin,
a value 26.7% and 34 5% respactively higher than
that attained by the untrained group viz 2.17+0.33
Umin or 34.7:452 mikg/min. Thus, il is evident
that the values of VOzmax per unit body weight in
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the untrained group are conforming to an
untrained population, whereas in the endurance
trained group, the mean VOpmax value was
indicative of a 'vary good’ level of physical fitness
though not representative of elite athletes'

Values of VAT ranged from 75-175 walls
with a mean of 1257 + 353 walls when the dala
tor the two groups were pooled logether,
Wasserman et al®, studying VAT values in a much
larger (n=85) and varied population (ranging from
17-91 yrs in age), reported values ranging from
45.180 walls. A value of 45 watts was siated to
be the lower limit of normal while values for very
fil normal adulis were as high as 180 waits

Expressed in terms ol YOz, the VAT values
in the present pooled data ranged from 0.68-2.01
Vmin or 11.9-35.5 mltkg/min with mean ol
1.4110.44 Vmin or 23.517.9 mikg/min. Deriving
AT from the similar respiralory gas exchange
parameters, Caizzo et al° have reported a mean
VAT value of 1.78 I'min in 14 male and 2 {emale
subjecis between 20 and 30 yrs ol age The
activity level of these subjects varied considerably
(sedentary to jogging seven miles/day). These
subjects were comparable to the subjects of the
present study except that their body weight was
higher (72.8 + 3.0 Kg). Findings of Caizzo &l al®
computed to express VAT in milkg/min present a
mean valug of 231 and is comparable to the
corresponding value of 235 in (he prasent study
VAT constituted 56911215 (range : 37 5-77 8%)
of VOzmax in the pooled data of present study.
This is in agreement with the previous studies
whergin VAT hag been found wvarying from
50-80% of VOsmax'®

Tha endurance trained subjacts ware found
to score 20% higher in PWC, 34.6%: higher in
VOomax (mikg/min} as compared e untrained
subjects, I VAT data, the trained group revealed
turther higher scoring 0 comparson. VAT
expressed in walts and VO (mlkg/min} in them
was 55% and 73% higher than those observed in
the untrained group. Also, the trained subject had
mean VAT al around &5% of their PWC as

compared to that seen at 50% of PWC in the
untrained subjects.

The aerobic conditioning stalus ot the
frained subjects in the present study was thus
much more appropriately revealed on the basis of
VAT score as compared to measures of maximal
work capacity viz. PWC and VOzmax values.

A high endurance perormance as
measured by VOzmax has often beaen found to I:lg
associaled with suscaplibility to molion sickness
as well as cardiac dysrhythmias'®. On the basis of
the present study, it Is reasonably conceived thal
estimation of VAT would be more appropriate to
assess the current aerobic status of the aircrew
for any such attempl as optimizing their routing
BXErcise programme
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