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Objective: The endeavor of this study is to quantify the work capacity of adolescents in terms of their hae-
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Methods: This is a cross-sectional interventional study. Blood haemoglobin levels of 50 first year medical students were estimated.
Subjects exercised on bicycle ergometer with incremental loads and their Work capacities were calculated. Their blood lactate and

pulse rates were recorded before and after exercise.

Results: There is a positive correlation of blood haemoglobin levels of both male and female subjects with their work capacities.
Pulse rate and blood lactate responses to exercise of both sexes with lower ranges of haemoglobin concentrations were compara-
tively higher than those with higher ranges of haemoglobin concentrations.

Conclusion: Correlation between haemoglobin concentration and work capacity (in both the sexes) was established.

INTRODUCTION: In the pediatric O.P, it was observed that
many of the children and adolescents were complaining of easy
fatiguability. All of them had anemia of some degree or other.
A multiplicity of factors either alone or in combination impose
limitations on exercise capability of individuals who therefore
differ in this respect. Apart from motivational, Physical and nu-
tritional factors, various physiological endowments play a key
role in determining the work capacity, such as

1) Haemodynamic capacity to maintain adequate blood flow
2) Provision of adequate 02 supply

3) Blood glucose levels

4) Preservation of adequate H+ ion concentration etc”

With this background the idea of quantifying the work capacity
in terms of haemoglobin levels came and in collaboration with
departments of physiology and biochemistry, the work was com-
pleted. The aim of the study was to quantify the work capacity in
terms of haemoglobin concentrations and to study the effect of
exercise on pulse rate and blood lactate level*1*1*

The choice of medical students as test subjects offers the ad-
vantages of having a group matched in age, height, weight, nu-
tritional status, training effects. Taking all of them with normal
health status minimizes the individual physiological endow-
ments of haemodynamic capacity to maintain adequate blood
flow, adequate O2 supply, Blood glucose levels, preservation of
adequate H+ ion concentration etc, thus minimizing the other
variables.

METHODOLOGY:

The present study was carried out in a group of 50 healthy, first
year medical students of both sexes who were not regular ath-
letes'>'" They were medically screened at the time of admission.
Brief medical histories of all the subjects were enquired, includ-
ing previous health, smoking, leisure and exercise habits if any.
None of the students were reported to be engaged in regular ex-
ercise or strenuous physical activities of any kind. Brief clinical
examination revealed no disease or disability in any participants.

The subjects were well informed about the experimental pur-
pose and protocol and oral consent obtained. Heights and
weights of all subjects were recorded and data compiled sepa-
rately for both sexes, designated henceforth as Group-A for
males and Group -B for females and each group comprising 25
students. Before and after undertaking the exercise regimen, lac-

tate level and pulse rate were determined for all subjects. Blood
haemoglobin concentrations were determined for all subjects.
Each subject exercised on bicycle ergometer with incremental
loads until maximum is reached at exhaustion*. Work out put at-
tained is calculated from a record of number of revolutions and
loads employed.

PROCEDURES;
1) Hemoglobin estimations were done following Shahils method.

2) Determination of blood lactate:’ Blood lactate levels were
determined by Baker &summer son’s method. 1ml samples of
blood were drawn from the subjects from a peripheral vein prior
to exercise under resting conditions and after exercise. After de-
proteinization blood lactate estimation was done. The difference
between the two values gives an estimate of magnitude of raise
induced by exercise.

Prepration of standard calcium lactate:

For the stock standard, 0.342g of pure dry calcium lactate is dis-
solved in a lliter volumetric flask. 1ml of concentrated sulfuric
acid is added to it. The preparation is diluted up to the mark
with water and mixed. This solution contains 1mg of lactic acid
in 5ml and is stable indefinitely, if kept in the refrigerator. To
prepare the working standard, 5ml of stock solution is diluted
to 100ml with water. This solution contains 0.01mg of lactic acid
per ml and it is best prepared fresh daily.

Technique:

1ml of blood added to anticoagulant is mixed with 4ml of
trichloroacetic acid. This solution is centrifuged and 1ml of su-
pernatant fluid is added to 1ml of 20% copper sulphate solution
and made upto 10ml by adding distilled water. 1gm of powdered
calcium hydroxide is added to this and shaken vigorously. It is
left at room temperature for an hour, shaking occasionally and
then centrifuged.

1ml of supernatant fluid is taken into a tube taking care not to
include any solid material which may be present in the surface
film. About 0.05ml of 4% copper sulfate solution is added and
6ml of concentrated sulfuric acid is added, mixing well while do-
ing so. Then the test tube is placed upright in boiling water and
0.1ml of P-hydroxydiphenyle is poured. The precipitated reagent
is quickly removed from the solution and the tube is placed in a
water bath at 30°C for 30min, re-dispersing the precipitated rea-
gent at least once during that time after placing in a boiling wa-
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ter bath for 9sec, it is cooled to room temperature, the reading is
noted at 560 mp or by using a yellow-green filter.

Calculation:

Since 1ml portion of the copper lime supernatant used for color
development contains 0.005mg of lactic acid in the case of the
standard and as this represents 0.02ml of original blood in the
unknown (i.e; a dilution of 50). The calculation in this case is as
follows,

[ﬂ'b:.:urbu nee of unknown = Absorbance ul"l.r|.mk] 0USx100
labsorbance of Standard — Absorbance of blank * 0.02mg/ dl
Absorbance of unknown — Absorbance of blank] 25mg
Absarbance of standard — Absorbance of blank * 100ml

The result is expressed as mg/100ml.

3) Pulse rate: Under resting Conditions radial arterial pulse was
recorded. Count was made for 1 full minute. Resting pulse rates
were recorded on 3 different occasions and the average of 2 val-
ues that closely agreed is taken. Pulse rate was again recorded at
the end of exercise sessions. The difference gives the magnitude
of pulse rate raise with exercise.

4) Bicycle ergometry: Work capacity of subjects was deter-
mined by using bicycle ergometry with incremental loads. Work
done is determined by multiplying the distance travelled in unit
time with load in kgs. Distance moved is function of number of
wheel revolutions (given by a counter) times the wheel circum-
ference.

In order to ensure properly standardized conditions and famil-
iarize the subjects to ergometer and procedure, all the subjects
were allowed a 4min unloaded pedaling at least on two occa-
sions. Then they participated in progressive incremental ergo-
metric testing. The incremental exercise test consisted of a 2
minute unloaded pedaling and thereafter against resistance.
Each subject exercised on bicycle ergometer in sitting position
with an initial load of 2kgs in males and 1kg in females, pedal-
ing at their own rates. The load was increased stepwise every
succeeding minute until the maximum exercise tolerance was
reached and physical exhaustion was reported or apparent®

Work out put or exercise capacity was calculated for individual
using the formula W=FS where work is given by the product
of force which is equivalent to load and the distance through
which it is moved***%. The distance moved at any load is giv-
en by the product of wheel circumference, which is 176.6cms
(0.1766m) and the number of revolutions of flywheel. As the
loads were increased stepwise every succeeding minute, the
work output is calculated accordingly for each load by the for-
mula shown below and added to derive the total work output in
kg.mts for the entire exercise period. This value determined for
the time duration of exercise gives the work output per minute.

Work output in kg.m/min = Wheel circumference in meters X
number of revolutions/minute X load.

Work output is expressed in watts. The data obtained was tabu-
lated and analysed using spss 16 version.

RESULTS:

The statistical values-arithmetical mean values, values of stand-
ard deviation and standard error for all the variables are pre-
sented as tables 1&2. For Group-A(male) & Group-B(female)
subjects.
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Table I: Data of statistical values for group A (male subjects)
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Table II: Data of statistical values for groupB (female sub-
jects)
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TABLE III: Correlation between hemoglobin concentrations
and work capacities and levels of significance.

Correlation ~ |Coefficient of
coefficient  |determination T |P
PARAMETER SEX |(r) (r2 %)
M +0.7 49 46 |<0.001
HEMOGLOBIN
CONCENTRATION
F | +0.87 75.7 846 |<0.001

Table-IV: Table showing relation between different parame-
ters and ranges of work capacities.
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Table-V : Showing variations in work capacities with differ-
ent Hemoglobin ranges and corresponding rise in the pulse

rates & blood lactate levels in group- A & group- B subjects.
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The overall degree of correlation between haemoglobin concen-
tration and the work capacity as well as levels of significance
in Groups A&B are shown in the table-IIl. The extent to which
haemoglobin concentrations correlate with work capacities is
expressed in percentage, referred to as “coefficient of determi-
nation’ In the same table “t” values and statistical levels of sig-
nificance (p-value) for the correlation established are shown. For
group A(male) subjects the correlation coefficient being +0.7 and
p value being<0.001, the relationship is said to be statistically
highly significant and similarly with correlation coefficient +0.87
and “p” value 0.001 the group B(female) subjects also had statis-
tically significant values.

Table-IV segregates individuals in to 3 broad categories on the
basis of work levels attained, in ranges of 20 watts. In the first
category, subjects whose work output was less than 100W were
grouped. The second subgroup consists of individuals who at-
tained a work output in the range of 100W-120W and the third,
those with work capacities above 120W. The number of individu-
als (n) falling under each sub-group is also represented in ac-
tual numbers and also as percentage of total with in a group A
or B. Among Group-A subjects tested, 16% belonged to category
of less than 100W, 32% to100-120W range and 52% to a higher
range of 120W.

Mean values, S.D’s and S.E’s of work capacity and all other vari-
ables are presented in the table for each of the above categories
or sub-groups to facilitate comparative analysis. None of the
female subjects tested could attain a work capacity exceeding
120W and hence this column is left blank. 80% of them could
achieve levels of work output of only less thanl00W and 20%
between 100-120W. Further look at the<100W categories, reveals
the proportion performing low at<80W and at 80-100W range.
Again group specific mean values, S.D’s and S.E’s of work ca-
pacities and all other corresponding variables are noted in the
tables. Therefore from table-1V, it is possible to undertake a com-
parative study of both intergroup (Groups A&B) and intra group
differences in the exercise capacities and the variables which
might account for, or be consequence of them such as pulse rate
and blood lactate.

Table-V further analyzed work capacities, post exercise rise in
pulse rates and rise in blood lactate levels with hemoglobin lev-
els by splitting hemoglobin levels in ‘one’ g/dl ranges.

The relationship between haemoglobin concentration and work
capacity is shown graphically by means of scatter diagrams also.

The correlation between the haemoglobin concentration and the
work capacities of Groups A and B subjects is shown in graph-1
and 2 respectively.

DISCUSSION: There are extensive studies dealing with both
the short term responses to a single bout ofoccasional exercise
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(acute exercise) and long term adaptations to a regular exercise
(chronic exercise)’. While the literature is abundant on the effect
of exercise on body’s physiology, few studies are devoted to en-
dogenous factors that limit exercise capacities among individu-
als5,6. In this study, attention is paid to one of the endogenous
systems, which is haemoglobin concentration and its effect on
work capacity. Individuals differ widely in their exertional abili-
ties which are determined by a large number of variables such
as nutritional status, age, haemodynamic capacities, muscular
strength, environmental factors, skill, motivation etc***. In the
light of these complexities, what can be accomplished is to in-
terpret the work capacities against one of the chosen variables
while freezing others to barest minimum possible.

The choice of medical students as test subjects offers the ad-
vantage of having a group matched in age, heights, weights,
nutritional status, training effects etc. As seen from table-I,
Group-A subjects had mean height of 170.7+7.9cms and mean
weight of 60.6+6kgs. The mean height Of Group-B subjects was
160.36+6.78cms and mean weight was 51.36+8.58kgs, as shown
in the table-II. Stress is not laid on anthropometric data, which
obviously closely matched and did not constitute the objective
of this study. However studies indicate that wide variations in
anthropometric measures among individuals account for varia-
tions in work capacities'.

A good test to evaluate exercise capacity or physical fitness
should confirm to the following criteria,

1) It must place the cardiovascular system under considerable
stress.

2) It should be so intense that at least one third of all the sub-
jects will stop from exhaustion within 5min, but the work
intensity should not be so high as to make motivation play a
dominant role.

3) It should not demand unusual type of skill for successful
performance.

4) 'The work load must be carefully determined, reproducible
and fairly easy, so that mechanical efficacy is kept relatively
Constant2,4.19,20,21,22.

The bicycle ergometry fulfills the requirements of a good test.

Subjects, so tested on bicycle ergometer depicted under table-I
and II showed a distinct sex difference in work capacities with
females having lower capacities than their male counterparts in
the same age group.

A significant correlation between work capacity and haemoglo-
bin was found for both the sexes.

The observations from table-V were, in group A (male ) subjects,
the increase in work capacity with hemoglobin ranges “a” and
“b” i.e. up to a hemoglobin level of 9g/dl is slight, but above the
range “c” i.e. above a hemoglobin level 9g/dl there is a sudden
spurt of work capacity from 94 watts to 118 watts and there oc-
curred a stabilization after the hemoglobin range ” e” i.e., above
12 g/dl i.e., after attaining a work capacity of 132 watts. The
same thing happened in group-B also. In the hemoglobin ranges

“ s

a and “b” i.e., up to a hemoglobin level of 8g/dl the rise in work
capacity is slight and above that range in the sub group “c” i.e.
above 8g/dl there is a sudden spurt in work capacity from 68
watts to 90 watts and a stabilization phase reached from the
hemoglobin range “d’ i.e., from above 9g/dl i.e., after attaining a

work capacity of 96 watts.

However neither a significant correlation coefficient nor a p’ val-
ue 0f<0.001 would mean a cause effect relationship, from purely
statistical point of view. This calls for interpretation of the ob-
served relationship, as to how haemoglobin concentration can
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affect exercise capacity.

The oxygen carrying capacity of the blood is in particular due to
haemoglobin. Each gram of haemoglobin is capable of combin-
ing with 1.34ml of oxygen at S.T.P. At a given rate of flow through
a group of hard working muscles, the 02 supply is determined
by the O2 transporting capacity of blood in terms of the quan-
tity of haemoglobin. Apart from Haemoglobin, other factors also
influence and limit O2 consumption by the muscles. These are:

1) Exercise R.Q (respiratory coefficient).

2) 'The degree of dissociation of oxy-Hb in the tissues.

3) The volume output of the heart.

4) The rate of haemoglobin flowing through the muscles and
5) Pulmonary ventilation®****

No single factor can be said to be a dominating factor, since dur-
ing severe work, it is possible that each has its effect. Notwith-
standing individual differences in haemoglobin concentration,
the other variables mentioned are not, deemed to be pathologi-
cally changed in the present study group who are all proclaimed
to be healthy. But it is expected that physiological adjustments
do take place in the above factors to ensure greater supply of
0, to working muscles, at a given level of haemoglobin concen-
tration. During extremely heavy work states, the coefficient of
oxygen utilization may increase to over 75%. With increase in
muscle blood flow, increase in muscle O, consumption to well
over 15 times the resting state is to be expected. In superbly
conditioned individuals possessing excellent cardiovascular and
pulmonary response, the muscle O, uptake may be increased up
to 24 times that of resting state'"'® It is therefore logical that the
total body O, consumption (VO,) at peak dynamic exercise is
good correlation of work capacity'"®* An increase in VO2 may
result from increased cardiac output (central) or from increased
02 extraction (peripheral) or both.

In the present study to a symptom limited point of exhaustion,
the magnitude of heart rate (H.R) raise, as reflected in pulse rate
raise is also used as an objective criterion. The raise in pulse rate
is a well known accompaniment of exercise. Pulse rate is often
used in the evaluation of the cardiac response to exercise, since
increased heart rate contributes to increased cardiac output of
exercise. Bergger and Christensen (1950) used pulse rate as an
index of metabolic rate for work periods of short duration. A lin-
ear relationship is found between pulse rate and 02 consump-
tion". Leblanc(1957) feels that pulse rate can be used as an in-
dex of work output as well as indicator of level of fatigue®. The
maximum permissible H.R at exhaustion known as target heart
rate is often used, to terminate the exercise by the observer.

Age specific target heart rates are listed in literature along with
simple formulas such as; 195-age, to arrive at it. As a group male
subjects in this study showed a mean raise of 76+6 beats/min.
While females showed a mean raise of 81.92+9 beats/min. In
table-V, it is observed that in both group-A and group-B along
with their sub groups according to their hemoglobin ranges, the
rise in pulse rates and blood lactate levels are high with low
hemoglobin levels. From these it can be generalized that those
individuals under lower ranges of haemoglobin concentration,
demonstrated a higher pulse rate rise for work outputs attained
by them, although their work capacities are comparatively lower
than those at higher haemoglobin concentration. The intergroup
difference in pulse rate observed, corroborate with reports
that women show a significantly greater rate of raise at identi-
cal workloads than men. Greater pulse rate responses at lower
ranges of haemoglobin concentration within a given group is in
agreement with higher rates observed in anemic subjects®.

The onset of fatigue in heavy exercise is often associated with
increase in blood lactate concentration. When exercise load is
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increased progressively, energy supply from aerobic metabolism
(oxidative phosphorylation) may not be adequate and therefore
anaerobic metabolism (anaerobic glycolysis) must be utilized to
supplement energy*'¢*

As a result blood lactate concentration begins to increase and
eventually intracellular acidification takes place. The mecha-
nism by which lactic acid contributes to fatigue is primarily by
lowering pH. At low pH the affinity of Ca++ ions for troponin is
reduced. Further fall in pH inhibits some key glycolytic enzymes
ex: glycogen phosphorylase and phosphofructokinase. Thus,
lactic acid may effect both the contractile mechanism and en-
ergy supply adversely. Thus raise in blood lactate concentration
which heralds the transition from aerobic muscle metabolism
and triggers fatigue, is a valuable indicator of severity of exer-
ti0n15,24.

Although accumulation of lactate is a consequence of exercise,
it is also an important limiting factor as well””- A tendency for
greater degrees of raise in individuals with lower haemoglo-
bin concentrations than those with higher ranges, regardless of
the absolute amount of work turned out. Thus it would appear
that individuals with lower levels of haemoglobin and lower
02 transporting capacity reach anaerobic levels of work output
sooner and show signs of fatigue sooner. Accumulated data in
literature supports this view, corroborating the role of lactic acid
as a limiting factor of exercise capacity™

The magnitude of raise in pulse rate and lactate levels was high-
er in low performers, successively decreased in groups turning
out greater work outputs. Thus the raise in pulse rate and lac-
tate seem to correlate with characteristics of other parameters
such as haemoglobin level rather with absolute level of work ca-

pacity.
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