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INTRODUCTION

The pepulation of India for the year 1983 1is
684 millions (Manorama, 1983). With such a massive
ever growing population it should be possible to make a
head way in all fields, on parf with other developed
nations. But malnutrition snd ill health seem to be
the debilitating factors in mecting the various demands
of our population, Therefore importance should be given

to proper human development which is our greatest resource,

Both work capacity and work output are influenced
by nutrient intake and the resmlting nutritional status
of those who perform work. Childhood malnutrition may also
affect the future capacity of individual fer work.
S8athyanarayana, et al,, (1978), believe that productivity
among workers in developing countries is low as s

consequence of chronic¢ malnutrition.

Poor nutrition may cripple a nations produwetivity
by more subtle long range mechanisms, (LIFE, 1972),
Sadasivam and John (1979) explain that malnutrition leads
to a wastage of human resources and reduction of these
losses would increase the socizl effectiveness of the

population and contribute to economic development.



One vital area of the atheletiec programmes that
has remained neglected im owur country is the nutritien
of the athletes. This relates to the nutritional standards
which affect the capaeity and performance of athletes,
(Guzman et al., 1978). Sound nutrition and a sensible
programme of physical aetivity are two chief recuirements
for health (Begert et 8l., 1973 and Krishnaswamy, 1982),

The reasons for the decline in performance are
multifaceted and deeprooted, Nutrition definitely plays
& rele 13\;&0 satisfactory performance eof athletes,
Vonogaa,,\%uandru (1972)., Anderson and Barkue (1870)
studiedthe relationship between variation in the
haemoglobin concentration and the &bility to ecarryout
muscular exereise by measurement of quantitative changes
in cardio vascular respiratory fuction, Davies et al., (1972)
ealculated that anemia will adversely affect the muscular

endurance capacity of an individual in aerobic type
aetivities,

Iron to life is a meta) more precious than gold
(Squibb, 1970). Irom deficiency is an important public
health problem in many developing countries and is the
commonest cawse of anaemia in India and all over the
world (Nutritioen Reviews, 1930).



S8jolin (1981) warns that the ineidence of iren
deficiency anemia in developing countries is often éet-
extremly high compared with that in indwstrialised part of
the world, Acecording to Sjolin (1931) it has been estimated
that there are & total of 260 million anaemiec women in the
developing world alone. The overall proportion of anaemic
women 13 highest in Asia,

WHO (1975) poigts out that ansemia causes a great
deal of 11l health sapping energy and productiveness in
many countries and causing tragedies in child birth., Thus
it is obvious that wrgent steps are needed to prevent and
contrel anaemia among our population in general and our vomen

specially.

Gopalan (1978) explains that to perforam energy
demanding tasks, blooed must be able to transport exygen
at a rate and level required by the effort, wvhich in turn
depends upon the circulating levels of haemoglebin,

There is adequate evidence in the literature to
shov that a decrease in haemoglobin ccheentration leads
to a reduction in the oxygen delivery to the tissuwes during
work or exercise WHO (1975). This in turn reduces the
maximal work eapacity both in man and in experimental
animals, vhen measured uwsing standardised laboratory tests.



The more severe the anaemie the greater the reduction in
maximum work performance, Physieal incapacity supervenes

when tissues oxygen demands eannot be met Bengoa (1974).

The most effective way of dealing with a population
where the diet is difficult to manipulate according te
Finch et al., (1974) g8 by the use of medicinal iron involving
treatment with iron salts, ILayrisee (1970) appreciates
the therapeutie administration of ferrous sulphate since 1t
substantially raises the haemoglobin level within a few
weeks. Supplementation with iron 1s the ofily feasible
approach where there is a large deficit to be mesde up in a
relatively short span of time, Iron supplementation is an
effective way of combating anaemia and increasing the work

output of population groups.

Having these points in mind the present study was
designed with the following aimss

l. To find owt the relationship between nutrition

and atheletic performance with special reference
to iron deficiency among adolescent girls, and

2« To supplement the anaemic volunteers with ferrous
Sulphate tablets and evaluate the impact of
supplementation.
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I1 REVIEwW OF LITERATURE

The literature pertaining to the study on 'Anaenmia
and atheletie performance! is reviewod under the following
headingss

1. Population as a resourece and its utilization
2, Nutritional status of our pepulation in general
3, Prevalence of anaemia
4, Anaemia and atheletie performance
8, Need for iron supplementation
and 6. 8tudies conducted en iron supplenentation

1, a as a re Tce d it t

The population ef India for the year 1983 is
684 millions (Year Book of India 1933 and Manorama 1983).
I% i3 the World's 8econd highest population, With such a
massive ever growing populatien it should be pessible to
mak® & head way in all fields, On the other hamd population
explesion is the main contributory facter te undernutrition
and malnutrition as per Devadas (1979), The process of
national development requires the utilisation of all the
TeS0Urees ¢ human and material - te maximum advantage,
The human inputs are the people, They are the active
participants who create and conserve capital mobilise natural
resources and build the social, economic and pelitical
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infrastructure vhich is essential for national development.
It is the human resource, still largely untapped which

constitute man's real hope for the future, Farris (1966).

As per Sal (1972) every country depends on 1ts
vorking groups for its economic development and it is dmost
axjiomatic that a hungry nation cannot achieve its full
potential.,

There is a close relationship between a well fed
labour force and a high rate of produwctivity, (LIFE, 1972),
Widespread malnutrition has been citied to reduce productivity
by Berg (1973) particularly in the developing countries

where the use of heavy physical labour is common,

Sadasivam and John (1979) opined that malnutrition
leads to a wastage of human resources and reduction of this
loss would increage the socizl effectiveness of the
population and contribute to economic development, They alse
found out that a well fed worker contributes nearly five

times more to production than a malnowrished worker,

According to FAQ (1976) a well fed worker will be
efficient, have more earnings, 1ess 1llness and absenteeism
and thereby raise both their economy snd future health

and in turn improve the nation's economy.



7

Though there is population explesion im eur country,
the contribution to uuéna:. economy is very meagpe
because of poor nutritional status of our people.

2, Nutritional status of our population in general

A recent United Natiens Study in Indda (UNICEF, 1978)
indicated that two out of every five persons are undernourished,
Consequently under mutrition is widespread and nearly
half of India's children under five years are anaemics
millions wvho are weaned from breast feeding face blindness
from Vitamin A deficiency and millions of mothers are

emaeiated, anaemic and/or vietiams of tuberculosis.

According to Devadas (1979) vulnerable growps,
particularly children, expeetant and nursing mothers are
the worst sufferers of malnutritien which results in high
moriidity and mortality.

Bengea (1974) investigated that about 5% of the
deaths from malnutritien among children under 1 year of
age were due to Kwashierkor, 26% due to mmtritional marasmus
and 704 due te ether forms of protein calorie malnutrition.

Latest report of the National Monitoring Buream
also shov that in nearly 85% of children under 5 years of
age weight/age is less than 80% of the normal values observed
in wellnourished Indian childrenm not subject %o socio economic
constraints, Gopalen (1983),



Malnutrition is one of the major public health
prodlems faced by the country Seday., As per Alefa (1976)
& malnourished person is less productive because of
impaired intelleetwal capaeity and stunted physical growth,

Many develeping countries are faeed with the problem
of how and where to break the vicious ecirele of undernutrition,
low work efficiency - low productivity and lack of suitadle
feod, According to Viteri amd Terum (1974) and Dam (1978)
severe forms of malnutrition and specific vitamin and
mineral deficiencies impair work ompacity and performance,

3. Prevalence of anaemia

Anaemia per 8e should be regarded as & symptom ef
an underlying disorder, not a disease according to
Burton (1978). It is a condition in which the total’
quantity of haemogiobin is less tham the normal,

Gopalan (1975) has stated that anaemia of nutritionmal
origin has a global distribution and constitutes one of
the majer public health preblems throughowt the werld.
Alfin & Slater (1980) epines that inspite of the fact
that knowledge is incomplete iron deficiency amnd iron
deficieney anemia are considered by many to be a major

health problem, predblems im need fof immediate actiom.



Cliniecally iron deficiency anemia is found chiefly
in infants, young children and women but rarely in men,
Wilson gt al (1971). Aecording to Robinson (1977) iren
deficiency ansemias are widely prevalent throughout
the world, Incidence in the various countries ranges
about 5 to 155 in males, 10 te 50% in women 4nd 15 to 92%
in ehildren. ’

The maximum estimates of prevalence of anaemia ranges
from 20% in industrialised countries to 60f% in developing
mtions. The population groups particularly at risk of
aequiring iron deficits are preschool children, pregnant

women, 6ld individuals and adolescents (Swaminathan 1974
and Chandra 1976).

Iron deficiency and iron deficiency anaemia have been
shown to be prevalent in the United S,ates in children and
sdolescents as well as in pregnant and lactating women,
particularly among those in low income groups, (Feod and
Nutrition Notes and Reviews, 1974)., The prevalance of
anaemia has been reported to range from 10¥ in adult women
to 85% in pregnant women, Nutrition Reviews (1930).

Ageording to ICMR (1978) 47% of the pregnant women
and 50% of the preschool children are suffering from this
syndrome. Studies carried out in the National Ipstitute
of Nutrition showed that anaemia is also very much a disease
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of the children. In a fairly large sample, nearly 63%
of children below 3 years of age and about 45% of children
between 3 and § years were found to suffer from anaemia,
Gopalan (1983).

Aung-Than-Battu gt a] (1972) have stated that iron
deficiency is associated with a high proportion of ammenmias
in women, in pregnant 32 teo 34% and 26 to S1% of the
non pregnant women., In developed -countries the prevalence
of anaemia ranges from 7 to 20X in nonpregnant women and
wpto 36% in pregnant women., Assuming conservatively that
10% of the non-~pregnant women and 30f of the pregnant women
are anaemic, this would make an additional 31 millien
bringing the werld total (outside China) of anaemic women
between 15 and 49 years of age to 29l million, (Food and
Nutrition Bulletin 1979 and Swasthiind 1930).

Surveys throughout the world have shown a prevalence
of iron deficiency anaemia in menstrwating women varying
from 10 to 80% prevalence of adolescent anaemia, WHO (1972).

Adolescent females are considered a nutritiomally
vulnerable segment of the population. A repid growth
rate combined with marginal nutritional intakes increases
the risk of nutritienal deficiencies in this popwlation.

A high ineidence of iron deficiency anaemia has been noted
in Blaek and in vhite teenage girls, Liebman et gl (1983).
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Nutritional iron deficiency anaemia is more prevalent
among young women, than is generally suppesed and 13
bound to interfers with health, preparation for pregnancy
and work efficiency, Vijayalakshmi ot al (1983).

4. Apaemin and atheletic performance

The ability of the muscles to work can be limited
by failure of any one of these following processess
the ability of the heart to pemp blood, inadequate oxygen
carrying ospacity of the blood, or failure of the peripheral
c¢irenlation to supply enough blood to the working musecle-
Anaenia 1s one condition in which oxygen transport is limited,
lovw blood haemoglobin levels in anaemic patients and the
sharp drop in haemoglobin oceasioned by blood donation in
healthy women reduce blood buffering pover and capacity to
transfer oxygen and have a detrimental effect on vork
performance, (Anderson, 1970).

Anderson and Barkue (1970) studied and confirmed the
direct relationship between variation in the bloed
haemoglebin concentration and the ability to earry out
muscular exercise by measurement of quankitative changes
in cardiovascular respiratory fwnetion. Davies st a]l (1973)
have concluded that anaemia will adversely affect the
mf@eular endurance eapacity of an individusl in aerobie
type of activities. The same conclusion is supported
by Stewart (1972) that athlets especially those in endurance
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activities which stress aerobic capacity would appear %o
have their abiliti comproxised 1f anemic,

Basta (1977) has stated that iron defieiency anaemia
affects the physical capagity by reducing the availability
of oxygen to the tisswes, vhich inturn affects cardiac
output and heartrate eventually leading to death in severe

cases,

A study condwcted among the road construction workers
in Java has showed that moderate te severe anaemia
(haemoglobin level belew 11,1 gm./blood, haemotoerit
of 33% and below), present in about 20£ of the amaemic sample,
was elosely assoeciated with poor physical performance,

In another study concerned with clearing of weeds
the anasemic workers cleared an area about 204 less than the
non anaemic vorkers, Basta (1977).

According to Finch gt a) (1974), in anaemia maximum
vwork performanece will be reduced propertionate to the fall
in haemoglobdbin, Although net fatal, anaemia result
in r-ducéd work efficiency, lethargy, sluggishness, increased
susceptibility to infection and lew birth weight of the
nev born, LIFE (1972).

Disabilities assoeiated with iron deficiency are
presently 11l defined, but there is evidence that ecapacity

fér physical vwork may be redweed, (Food and Nutrition Notes
and Reviews, 1974).
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The more severe the ansemia the greater the reduction
in near maximum work performance, WHO (1975) reports that
physical incapacity supervenes vwhen tissue oxygen demands
cannot be met, Devadas (1977) reperted that apart from
eausing a large number of deaths among pregnant women,
anaemia debilitates the farm and industrial workers, affects
their working capacity and reduces their work output.

Subjects suffering from anaemia are more prone to develop
infectiows diseases,

The work output depends upon physical efficiency and
amgemia is one of the diseases that ean impair physieal vork
capacity (Gopalan, 1975). A nmmber of studies have demonstrated
that subjects suffering from severe degrees of anaemia have
impaired work capasity. Studies on agricumltural labourers
have shown that usiﬁ; an acute severe exerciss which measure
cardiopulmonary reserves, differences in maximal physieal
efficiency can be demonstrated, even when the anaemia is
of & mild or moderate degree.

Kerrigan et 2] (1975) has pointed out that anaenie
womenR tea pickers from c¢eylon exhibited a decreased physiecal
work capacity when measured in the laboratory.

A physically fit individwa]l, as compared to the poorly
econditiojed man, ecan perform a given grade of physical
activity more efficiently, ean attain & greater maximal



ventilation and greater maximal oxygen uptake with
displacement of his physiological equilibrium and has

better recuperative powers after exhausting exercise

(pulse rate) Margen (1971).

5. Need for iron supplementation

Improvement of nutritional status is one of the
factors improving conditions of work and as a result
inereasing capacity for work, FAO (1976). Iron deficiency
can be completely prevented throuwgh an iron supplementation

programme, Lnkhan pal (1976).

Iron deficiency is the most frequent nutritional
problem aecross the world, It has been estimated that
20 to 60% of individuals in different countries have a
subclinical or celiniecal evidence of iron depletion, Most
patients with iron deficiency respond quickly and
adequately to oral administration of iron in its elemental or
colloidal form or as one of its salts, the most frequently

used being ferrous sulphate, (Nutrition Reviews, 1976),

According to Finch ot al (1974), Iron fortifiecation
of food is a second approach which may be particularly useful
in the areas vhere dietary iron is low 2nd reasonably
available., The distribution of iron medication throwgh
health centres might be considered the initial step in
improving iron nutrition.,
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Once ansemia has developed, dietary irea alone camnot
cure the condition, The cheapest and prebably the best
preparation of oral iron is ferrous sulphate, Medicinal
iTon is best absdrbed from an empty stomach, De Silva anmd
Baptist (1969).

According to WHO (1975) medicimal iron may be given
to special populatien groups such as pregnant or young

ehildren to prevent amaemia,

IMR (1974) and Narasinga Rae (1975) have stated that
fortification of common salt with irom compounds may be
a practieal public health measwre in combating the widespread
iron deficlency anaemia in our popmulation.

The enrichment of foods with iren is 2 potential
method for preventing anaemia, Burgess (1976). Updyke (1973)
reported that most endurance athletes; take large daily
dosages of iron hopefully te inerease haemoglobin levels
and a world elass distance runner, Jim Ryun, althrough

advocating a rather routine diet, dees consume iron tablet.

Buzina gt a) (1982) reported a study on 665 adoleseonts:
of 16«19 years whibh indieated that if the nutritional
status is adequate, short - for age adolescents alse perform
physical work capacity tests and vital eapacity tests
in comparision with their taller peers. They alsoc found that

physical work eapacity, imereased vith improved nutritiomal
status,
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6. Studies conducted on iron. supplementation

The world bank study in Indonesia has shown that even
moderate ansemia does affect productivity. Treatment of
anaemia for a period of 60 days led to an increase in
productivity of 15% for rubber tappers and 25% for weeders,
Latham (1976),

Elwood (1973) found in a randomized trial that
an iron supplement (120 mg./day) led to an increase in
maximal work sapacity eventhough there was no change in

haemoglobin levels.

Jtudles on the supplem ntation of fortified common
salt among children living in residential schools have shown
that levels of haemoglobin had gone up significantly in the
group which had received the fortified salt, while there
was no such increase in children who had received the

unfortified salt ICMR (1976).

Viterl and Torum (1974) reported that the work
intensity and leisure activity were higher in the nutritionally

supplemented agricultural workers than in their non-supplemented
counterparts.,

Rutrition Society of India (1973) has reported that
the improvement of nutrition among workers has been associated

with increased efficiency and greater work output.
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Gardne® et al (1975i conducted a study im Venezuela
on 29 adwlt iron defieientéwomen subjects with haemoglobin
level) 440 to 12,0 g./100 ml. Haemoglobim level far the
iron treated groups nrteriéa days improved from 7.7 to
12.4 g./100 mle for women.

Vijayalakshmi et a) (1983) have stated that the
haemoglobin levsel ef anaémic subjects rose significantly
after iron supplementation. The exertion on the heazs

a8 shown throwgh blood pressure and pulse rate had reduced

after supplementation,



METHODOLOGY




II1 EXPERIMENTAL PROCEDURL

The experimental procedure pertaining to the study
on "Anaemia and atheletic performance® is dealt with
uwnder the followlng heads -

l. Selection of the venuwe

2. Selection of the volunteers

3, Assessing the nutritional status of the volunteers
a) Conducting the food welghment survey
bj Recording heights and weights of the volunteers
c} Haemoglobin estimation

4. Recording pulse rate and blood pressure

5 Quwantifying the atheletic performance of volunteers

6. Supplementation with iron tablets

7. Evaluating the atheletic performance after
supplementation

l. 8election of the venue f

The venue selected for the present study was the
college campus itself., The college has over thousand
undergraduate students and it was easy for the investigator
to locate the volunteers of similar age growp and socio
economic background from these students.,

2. gelection of the voluntegrs

It was decided to choose two sets of adolescent girls

in the age group of 13-19 years one set of vélunteers being

anaemic and the second set being non-anaemic.
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Accordingly 20 volunteers who were anaemic

(experimental) and 16 volunteers who were non-anaemic (control)
were chosen for the study, whether they were anaemic or

non-anaemic was based on tae haemoglobin estimation,

3. Assessing the putritiopmal] status of the volunteers

8. Conducting the food weighment survey

Food weighment survey is supposed to be most accurate
among the various methods of diet surveys =nd hence it was
proposed to conduct food weiglment survey on a sub-sample
of 10 volunteers from experimental group and 10 volunteers

from the control growuwp.

All the rav food items were weighed before cooking.
Then the total cooked weight of the food was recorded.
After this the volunteers were requested to consume the
food, As soon as the eating was over, the quantity of food
left unconsumed was weighed and this was substracted from
the total cooked welght of the food, From the above data,
the quantity of cooked food consumed by the individual
was obtained. The raw ingredients used were computed
from the cooked food consumed by the individual., From this
figure, the nutrients available from the daily diet was
calculated using the "Nutritive value of Indian foods"
by Gopalan et al (1932),



b) Reeording the heights and weights of the wo lunteers

Heights and veights were recorded for all the
volunteers belonging te both the experimental amnd control
ETowpe.

The height was measured using a fibre glass tape
fixed to the wall. The volunteers were made to stand
erect and upright on a firm level floor barefooted, against
the tape with the arms hanging freely at the sides,

A vooden scale was placed gently en the head, perpendiewmlar
to the wall and the height was measured from the tape
nearest to 0.1 em;

The weights were measured with the help of an Avery
balance, Before weighing, the balanece was checked for its
accuracy with the help of standard weights. The weighing

seale could read nearest to 50 grams,

Ce haenog}obtn estinmation

Bioshemical estimatiens are ascurate means of assessing
the nutgitional status of the pepulation groups.

A finger prieck was made and 0,02 ml, of blood was
collected with the help of a miere pipette., The blood was
blown out inte a filter paper and stored after labelling.
The coneentration of haemoglebin was most reliably measured
after aceurate dilution of the blood sample in a solution
that converts haemoglebin to eyanmet - haaemoglebin which 1is
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then quantified colerimetrieally using the method of

Crossby ot 8l (1954). The procedure followed is given

in Appendix I. The values thus arrived at vere compared
with those suggested by National Institute of Nutrition (1977)
and all those belov the 11 g./100 ml. were termed anaenie,

4., Recordiing the pulse rate and blood pressure

The pulse rate and dlood pressure were recorded
before and after th: different activities,

The pulse rate was recorded for the various atheletie

agtivities before and after the supplementation to see the
effects of tim atheletie perforaance,

For reeording the blood pressure the subjects vere
made to sit in a comfortable position and the blood pressure
vas recorded using a sphygmomanometer by auscultatory method,
The linen cuff is tied round the extremity in swch a way
that the rubber bag is placed across the srtery running
in the limb., The linen cuff is snugly tied rewnd the limb
by taking atleast two and half eircles round it, and the
metal hook at the tail is tucked in, to fix the cuff in positien.
The cuff as it sovers the rubber bag does not allow its free
expansion vhen air is pumped in it wnder pressure, As the
bag is tied round the limb, the pressure is transmitted to the
iimb and indirectly to the underlying artery. When the
pressure transmitted to the artery is equal to or a little
more than the blood pressure, the flow is reinstated, The

reinstation of the blood flew is studied by the palpatory
and auwseulatory methods.



Ine Ausculatory Method

After tying the cuff in position, the site vhere a
segmer.t of the artery comes very superfieial is examined.
The exact site of the vessel 1s located and if necessary
marked with & penmeil or chalk, The pressure in the euff
4s raised beyond the expected systolic level and the chest
plece of a stethescope 1s placed on the vessel, Now the
pressure is 3lovly reduced while the sounds prodwced in the
vessel are heard throwgh the stethoscope.

While the pressure in the cuff is more than the
blood pressure there is no flow of bloed through the vessel
and no sound 13 produced, As the cuff pressure reduces
and becomes equal or just less than the systolic pressure
the blood is able to force its way throuwgh the obliterated
segment of the vesse)l during each systole and a sound is
prodmoed, Eaeh seund synchronizes with the systolebf the
heart. 7This occurs when a jet of blood is able to cross
the obtained segment first time as the cuff pressure is
reduced. The level in the manometer at which this first

abrupt sownd breaks the silence is taken as the systolic
bleod pressure,

As stated above the second phase begins wvhen the sound
acquired 2 murmurish quality and it continues during the

fall of next 15 mm. of Hg pressure, Ay the beginning of the
fourth phase the sound suddenly changes in quality. It 1s
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muffled suddenly, This phase continues for a fall of

about 5 mm., Hg. pressure, The level of mercury in the
manometer at the time the sownd gets suddenly muffled

is taken as the diastolic pressure, At the end of the fourth
phase the sound may slowly or suddenly disappear.

Thus the first eccurence of the sound is taken
as the criterion of the systolic blood pressure and the
sudden muffling of the found at the end of the third phase
or its disapperance is taken as the criterion of the

disstolic blood pressure,

The blood pressure was recorded for all the atheletic
activities before and after supplementation with ferrous

sulphate tablets containing 60 mg. of iron given dne each a day.

S+ Quantifying the atheletic performance of the volunteers

The following atheletiec activities were performed
by the volunteers in both the experimental and the control

groupss
l, Jumping
2, Skipping
3. Running

and 4, Climbing
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Jdunping

The volunteers were asked to jump 50 times and the
time taken by the individual to jump was recorded. The
pulse and the blood pressure were also recorded before

and after the activity,

dkipping

The volunteers were made to skip for 100 times and
the time taken by the ingividual to skip was recorded,

The pulse and blood pressure were also recorded before
and after skipping.

Bunning

The volunteers were asked to run a distance of
100 meters and the time taken by the individual to run this
distance of 100 meters was noted. The pulse and blood

pressure were recorded before and after running,
Climbing

The volunteers were asked to climb the stairs from
down to the 3rd floor in a specific building inside the
college campus and the time tkken by the individual to

climb was noted, The pulse and blood pressure were recorded
before and after the activity.
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6. Supplementation with iron tablets

All the anaemic volunteers were supplemented with
elemental iron of €0 mg. of ferrous sulphate (one tablet
a day) for a period of ninety days, <The none.anaemic volunteers
were given a placebo tablet to avoid the feeling of one
group being supplemented and the other group not-being
supplenented. The investigator distributed the tablets
everyday after lunch break,

7. Bvaluating the impact of supplementation

The haemoglobin levels were estimated after the
iron supplementation and was compared with the initial
values, The differences in the atheletic perform-nce by
way of the time teken and difference in pulse rate and

blood pressure vere recorded and compared with the values
obtained before swpplementation.



RESULTS AND DISCUSSION




IV RESULTS AND DISCUSSION

The results and discussions pertaining to the stwdy

on “"Ansemia and atheletic performance" are presented under
the following heads:

1.
2.
3.
4,

and 6.

Mean fecd and nutrient intake of the velunteers
Mean height and weight of the volunteers
Mean haemoglebin levels of the volunteers

Mean pulse rate and blood pressure of the
volunteers

Time taken for atheletic activities

Impaet of the iron supplementation of the
volunteers,

l. Mean food and Nutrient intake of the volunteers

Table I and II present the mean food and Nutrient
intake of the volunteers at the start of the study. Thd

individual food and nutrient intske of the volunteers are
given in Appendix - II,
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The mean food intake of the anaemic velunteers
revealed that their intake was inadequate with respect
to cereals, green leafy vegetables, fats and oils,
sugar and jaggery and nuts. The gross lov intake of
green leafy vegectables might have resulted in anaemia
in these volunteers. Anaemia may also be due to the
fact that iron rich cereals and fruits were missing
in their diet. The mean food intakef of the non-anaemic
volunteers revealed that their food intake was
inadequate with respect to cereals, green leafy vegetables,
other vegetables fats and sugar, However their
intake of green leafy vegetables was almost dowble when
eompared to that of the anaemic volunteers. This

probably is reflected in better haemoglodbin levels among the
non-anaemic volunteers,
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The nutrient intake of the anaemic volunteers was
inadequate with reference to energy and iron when eompared
with the recommended dietary allowances. The nutrient
intake of the non-anaemic volunteers was above the recommended
dietary allowance with reference to all the nutrients
except energy and the marginal level of iron. However,
wvhen ecompared with the anaemic subjects, the iron intake
of the non-anaemic subjects was far better and also the
intake of ascorbic acid was dowble the recommended allowance,
vhich has got an enhancing effect on the absorption of
iron., This gross lov intake of iron might have resulted

in anaemia in the anaemic volunteers,

2+ Mean height and weight of the volunteers

Table III presents the mean heights and weights of
the volunteers involved in the present study. The individual
values are given in Appendix - III,

TABLE IIIX

MEAN HEIGHT AND WEIGHT OF THE VOLUNTEERS
" ZEZTEEEEESESEELEREERSEREEEEEEErEERES =2 &

Growp Number Height 141 yay4e Weight 't! valwe

in en in kg.
Anaemie 20 1863 44
0.557¥88 0.756"3
Non-Anaemic 16 154 45
==z:=uz===:z::l:::z:::zf-zz:::z::

NS -~ Not significant



As is evident from Table II1 the mean height of the
anaemic growp and the non-anaemic group vwere only slightly
different., Statistical ansyysks of the data revealed
that the difference was statistically insignificant,
Similarly the mean weight recorded by the anaemic group vwas
44 kg. against 45 kg, recorded by the non-anaemic grouwp.
Statistical analysis of the data revealed that the difference
was statistieally insignificant., It was considered
essential to choose volunteers in such & manner that their
heights and weights wsere statistieally insignificant,

30 that these factors do not affect the atheletic
performance of the volunteers.

3. Me2n haemoglobin levels of the volunteers

Table IV presents the mean haemoglebin levels of the
anteaic and non-anaemic student volunteers participating

in the present study. Appendix IV gives the individual
values,



TABLE IV

MEAN HAEMOGLOBIN LEVELS OF THE VOLUNTEERS AT THE START

OF THE STUDY
stzznsczzllsnlrt:zz:za:::xng:
Groups Number 2::21§a:7§gég:f? 't! value
Anaemic 20 9.4
4,010*
Non-Anaemie 16 12.6

& 8 B £ B E X2 EE ER EEREEEREED EREEEEE S R

* Significant at 1 percent level

Aecerﬂing to National Institwte of Nutrition (19377)
haemoglobin levels below 11 g./100 ml, is supposed to be
indieative of anaemiea among female adults who are not
expecting. For the present study, valuwes suggested
by NIN were considered as standard and the volunteers
grouwped accordingly. There were 20 volunteers who were
anaemic and 16 volunteers who were non-anaemic according
to the vilues suggested by NIN (1977). The amaemic group
ribgistered a mean value of 9.4 g./100 ml., against
12,6 g./100 ml, recorded by the non-anaemic growp.
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4, Mean pulse rate and blood pressure of the volunteers

Table V presents the mean pulse rate and blood pressure
§f both the anaemic and non.anaemic volunteers before and
after running. The individual values are given in
Appendix V-A and V.B,

TABIE V

MEAN PULSE RATE AND BLOOD PRESSURE OF THE VOLUNTEERS BEFORE
ARD AFTER RUNNING

E EZ E ST T 2 B ZPREZ2S EEEE R EREZ E SR EEE S EEERE

Anaenic Non-Anaenmic
D‘uus DGR R W U R G- = D s U U O - - DU ap NS EHES o
Befoie Lrtei Before Aftei
Pulse rate/
minute 76 o4 73 79
Blood Pressure 117/78 140/86 120/80 133/31
E &2 E - E B R XS E EEE S EEREREET s mEEEEEEZEZE

The pulse rate at resting stage for anaemic volunteers
was 78 against 73 among the non-anaemic volunteers, The
pulse rate of these volunteers after stheletic performance
namely running was 94 for amaemic volunteers against only
79 for non-anaemic volunteers, Basta (1977) has stated
that iron defieiency anaemia affects the physical capacity
by reducing the availability of oxygen to the tisswes, which
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In turn affects cardige output and heartrate. The anaemic
subjects showed 2 blood pressure value of 117/78 as against
120/80 for non-anaemic swbjects before running. After
running the anaemic subjects showed an increased blood
pressure level of 140/36 as against 135/81 for non-anaemic
subjects., It is note worthy that while there was an
increase in pulse rate and blood pressure in both the

groups, the rate of inecrease was more among the anaemics,

Table VI presents the mean pulse rate and blood
pressure of both the anaemic and non-anaemic volunteers
before and after skipping and the individual values are
indicated in Appendix Vi-A and VI-B,

TABLE VI
MEAN PULSE RATE AND BLOOD PRESSURE OF THE VOLUNTEERS
BEFORE AND AFTER SKIPPING

tacmz=:==zz=zz=:s=====:l::z::z:
Apaemic Non-snaemic
Details Before  After "Before  After
skipping skipping skipping skipping
Pulse rate/minute 74 92 73 84
Blood pressure 117/78 142/85 119/80 135/81

T R EZ E 2 EZSECEECZREEEEEZ SN IESEES T =



The mean pulse rate at resting stage for anaemic
volunteers vas 74 against 73 among non-ansemic volunteers,
The pulse rate of the volunteers after skipping was 92
and 84 respectively. ZThe metﬁ)b}o?qqﬂfggfﬁfs ‘ﬁ,iffﬁfnﬁweawc
stage for angemic volunteers, The blood pressure of the
volunteers after skipping was 142/88 and 13§/81
respectively. It appears that the rate of increase
in pulse rate and blood pressure for a given activity is
more among anaemic volunteers than among non-an2emic

volunteers,

Table VII gives the mean pulse and blood pressure
of both anaemic and non-ansemic volunteers before and

after jwmping. Appendix VIiI.A and VI.B presents the
individual values for the subjects,

TABLE VII1

MEAN PULSE RATE AND BLOOD PRESSURE OF THR VOLUNTEERS
BEFORE AND AFTER JUMPING

'BSSS“:S'8833'8:8888&&3::382n=

Anaenic Non-Anaenic
Detalls -
Before After Before After
| Jumping Jumping Jumping Juwmping
Pulse rate/minute 75 90 72 80
Blood pressure 117/77 l33/81 1l9/30 131/81

=28338==288882883288883:8323888
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The mean resting pulse rate remained at 75 for
ansemic and 72 for non-ammemic, The mean resting blood
pressure remained at 117/77 for anaemic and 119/80 for
non-anaemic, The pulse rate however increased spontaneously
to 90 and 80 and the blood pressure to 133/81 and 131/81
for anaemic and non-anfemie volunteers after Jjwmping 50 times,
Though there was an increase in both the grouwps, it is
obvious that the anaemic group had registered a higher rate

of inerease than their non-anaemic cownterparts,

Table VIII highlights the mean pulse rate and blood
pressure of both the anaemic and non-anaemic volunteers
before and after climbing the stairs, The individual
values are given in Appendix « VIII.A and VIII-B,

TABLE VIII
MEAN PULSE RATE AND BLOOD PRESSURE OF THE VOLUNTEERS

BEFORE AND AFPTER CLIMING STAIRS

E £ B X X R ZF FE 2 & E ZEEX 22 S EZE R Z S 2B S =

Anaemic Non-Anaemic
Details _Bofore After E;;;;;..-.;;;;;-‘
¢limbing climdbing climbing climbing
Pulse rate/minute 76 92 73 79
Blood pressure 112/76 142/31 119/30 131/81
8:8::!:::::::::=8================
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The resting mean pulse rate of the anaemic and
non-anaemic volunteers was 76 and 73 respectively. The
resting mean blood pressure level of the anaemic and
non-anaemic volunteers was 112/76 and 119/80 respectively.
The values after climbing the éﬁairguure increased to
92 and 79 for pulse and 142/81 #Qd 131/81 for blood pressure
respectively. While there is an increase in the pulse
rate and blood pressure vwhich is expected after any activity
among both the groups the rate of increase was much more
among the anmaemic volunteers than among the non-anaemic
volunteers. These results on the varioms atheletic
activities indieate that the performance of individuals
who are anaemic¢ require a higher effort than that required

for performing the same activity by a non-anaemiec person.

5. a etic ac

Table IX gives the mean time taken to perform the
various atheletic activities by the anaemic and non-sanaemic

student volunteers. The individual values are presented
in Appendix-IX-A, B, C and D,



TABLE 1X

MEAN TIME TAKEN POR VARIOUS ATHELETIC ACTIVITI:ZS

= =T =
‘8.8zSﬂB‘S“B“::S‘SB‘B::BBS =

Time taken in seconds
Activity Number - 't' valwe
Anaemic Non-Anaemic

.----"'------‘------------------.

Renning 20 26 23 2,365%
Skipping 20 108 74 4,23¢

Jumping 20 24 23 1,78%8
Climbing stairs 20 32 24 4,115*

C E g 2 & S KR & 2 £ E S 2B X ERE T EREERE TS S ERESIEZTS

* Significant at 1 percent level
NS -~ Not signifieant

As i3 evident from Table IX all the four activities
namely running, skipping, climbing stairs and jumping were
carried out at a faster rate by the non-anaemic volunteers
than their anaemic counterparts. However the difference in
the time taken was greater for skipping and elimbing than
running gné Jumping. The difference in the time taken
to perform specific activities uas'signiricant dt 1 percent
level with refcrence to running, skipping and climbing and
net significant for jwmping. The non-anaemic group seems

to be at an advantage in performing the atheletic activities
than the ansemic volunteers,



39

6, Impact of iron supplementation on volunteers

Table X highlights the impact of iron swupplementation
on the ansemic volwntesrs, with respect to haemoglobin levels,
the individual valwes are given in Appendix.X,

TABLE X

MEAN HAEMOGLOBIN LEVELS BEFORE AND AFTER SUPPLEMENTATION

Mean level g/100 ml,

Growp Kumber - —————eecasee—-
Before After
supplementation supplementation
Anaemie 20 9.4 11,7

The mean haemoglobin levels of the anaemic volunteers
vas 9.4 g./100 ml. at the start of the stwdy, before
supplementation, After supplementation with iron tablets
for a period of threemonths (90 days) the mean haemoglobin
level came upte 11.7 g. which was remarkable. Continuation
of the supplementation for some more time could have improved
the values further. These results are similar to the findings
reported by Gardequ&,gl {1975) who have stated th-t the
haemoglobin level for the iron treated groups after 83 days
improved from 7.7 to 12.4 g./100 ml. in adult wvomen., Figure A
shows the mean haemoglobin values before and after supplementation
in comparision with the non-snaemic subjeets,
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Table XI explains the pulse rate and blood pressure
before and after activity and before and after supplementation.
The individual values are given in Appendix.XI,

TABLE XI

MEAN PULSE RATE AND BIOOD PRESSUKE OF THE ANARMIC VOLUNTEERR3S
BEFORE AND AFPTER SUPPLEMENTATION FOR RUNNING

2 E 2 T E S S ¥ S £ 2 S F ERSEEERES 22 EESRE S RERXEZ B E

Before After

Detalls Nwmber running  running
Rulse Rate
Before supplementation 20 75 94
After supplementation 20 72 8l
Blood Pressure
Before supplementation 20 117/78 140/86
After supplementation 20 119/79 132/81

E FE B E R ERE 22 YT ER XS EZTZECEEESZERES S SEERE

The mean pulse rate and blood pressure for the anaemic
subjects before supplementation at rest was 75 and 117/78
respectively. After running, the pulse rate and blood presswure
increased dramatically to a level of 94 and 140/86€ respectively.
However after supplementation, the volunteers recorded a pulse
rate nnd blood pressure level of 72 and 119/79 at rest, which
inereased to 81, 132/8l1 respectively, after the completion of
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running, This decrease in the rate of increase of pulse
rate and blood pressure after running was probably due

to the supplemsntation of ferrouws sulphate for a period of
3 months, Similar observations have been made by
Vijayal~kshmi et a) (1983),.

Table XII explains the pulse rate and blood pressure
before and after activity and before and after supplementation.
The individual values are given in Appendix.XII,

TABLE XII

MEAN PULSE BATE AND BLOOD PRESSURE OF THE ANAEMIC VOLUNTEERS
FOR SKIPPING BEFORE AND AFTER SUPPLEMENTATION

Before After
Deta ~
il1s Number skipping skipping

-Q---------------Q---—------o-—-

Bulse Rate
Before supplementation 20 74 92
After supplementation 20 73 8l
Blood pressure
Before supplementation 20 117/78 142/86
After supplementation 20 120/80 135/82

'BI&”.:."BSBBB:SIBBS::!‘IEB:BS:



The mean pulse rate and blood pressure of the
volunteers at rest before supplementation was 74 and 117/78
and after supplementation 73 and 120/80 respectively.

After skipping there vas a sudden increase in the level to
92 and 142/85 before swpplementation and 81, 135/82

after supplementation. As observed in the activities like
running the rate of inerease in blood pressure and pulse
rate had decreased after iron supplementation,

Table XIII highlights the pulse rate and blood pressure
before and after jumping and before and after supplementation,
The individual values are given in Appendix XIII,

TABLE XIII

MEAN PULSE RATE AND BIOOD PRESSURE OF THE ANAEMIC VOLUNTRERS
FOR JUMPING BEFCGRE AND AFT:ZR SUPPLEMENTATION

:tzzzzgaazzzzzzzzzzzzaz:38::::&3:
\ Before After
Detzils
_ Number jumping  Jumping
Pulse hate
Before supplementation 20 75 80
After supplementation 20 72 80
Blood pressure
Before supplementation 20 117/77 133/81
After supplementation 20 119/30 130/30

‘39835833“&88338838&8838388888!E8



The mean pulse rate amd blood pressure at rest before
supplementation was 75 and 117/77 respectively. But after
umping there was an increase in pulse rate and blood
pressure to 90 and 133/81 which was remarkable. The mean
pulse rate and blood pressure of the volunteers at rest
after supplementation was 72 and 119/80, and after Jumping
the pulse and blood pressure rate inereased to a value of
30 and 130/30 respectively, Though there is an increase
in both the values the decrease in piilse and blood pressure

was Temarvkable afeev supple mintabion
after JumpingAwith ferrous sulphate for a period of 30 days,

Table XIV brings forth the pulse rate and blood pressure
before and after climbing and be fore and after supplementation.
The individual values are given in Appendix.XIV,

TABIE XIV

MEAN PULSE RATE AND BLOOD PRESSURE OF THE ANABMIC VOLUNTEERS
FOR CUEMZING STAIRS BEFORE AND AFPTER SUPPLEMuNTATION

:zauttl:cnu::cznsszz:z:::zz:z:za

Bafore After

Details Huwmber ¢limbing climbing
Rulse rate
Before supplementation 20 76 92
After supplementation 20 73 8l
Blood pressure
Before supplementation 20 112/78 142/81
After supplementation 20 1ll9/79 129/80

Bazaz:n::anzsazzz::z::zza:::::zz



The mean pulse rate and blood pressure of the
volunteers at rest before supplemen tation was 76 and 112/75,
and after supplementation was 73 and 119/79 respectively,
After climbing the stairs the pulse rate &nd blood pressure
was 92 and 142/81 before supplementation and 31, 129/30
respectively, The decrease in both the levels after
supplementation with ferrows sulphate for a period of 3 months

was thus obvious,

Table XV gives the mean time taken to perform the
various atheletle activities by the anaemic volunteers
before and after supplemefitation, The individual valves
are given imAppendixz.Xv,

TABLE XV

MEAN TIMBE TAKEN FOR VARIOUS ATHELETIC ACTIVITIES BEFORE
ARD AFTER SUPPLEMENTATION

Btlﬂ&ﬁ:ﬁa:szBGGBBSKSBSERBBBESS!SS
Time taken in seconds
a—— - LR A
, Growp Activities Before After value
supple-~ supple-
mentation mentation

W W E @ m B N E W W W @ @ P s P G T OGN e o W P E oar @ we ue

Anaenmic Running 26 24 2,932*
Skipping 108 61 5.,112*
Jumping ‘24 gl= 2,838*
Climbing stairs 32 27 6.303*

-

—8&32#2:538888853338888388888358

* Significant at 1 percent level
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As is evident from the Table XV all the fomr activities
namely running, skipping, e¢limbing stairs and jumping were
carried out by the anaemic volunteers at a faster rate
after supplementation than before supplementation. There
vas & significant decrease in the time taken by the
individuals for skipping and c¢limbing than running and jumping
after supplementation with iron tablets, Thus it appears
that iron supplementation is highly beneficial for anaemie
volunteers who can perform an atheletic activity at a
remarkably shorter time after supplementing their diets with
iron. The differences in time to perform an activity
before and after supplementation was statistically significant
at 1 percent level in case of all the activities. Figure B

shows the time taken for various activities before and
after supplementation.



SUMMARY AND CONCLUSION




V SUMMARY ARD CONCLUSION

The study on "Anaemia and atheletic performance"
was carried out with the objective of finding the
relationship between anaemis and atheletic performance
and the impact of iron supplementation on selected
anaemic adolescent volunteers, Non-anaemic adolescent
volunteers in the similar age group were also studied for

purposes of comparision.

The anemic and none-anaemic volunteers vere studied
with reference to their food and nutrient intake,
haemoglobin levels, performance interms of time taken to
run & distance of 100 meters, to skip for 100 times,
to Jwap for 50 times, to climb a specific number of steps
and pulse and blood pressure rates before and after these
uetiviﬁies. The values achieved by the anaemic volunteers

ﬁero compared with the non-anaemic volunteers.

Each of the anaemic volunteers were fed 60 mg. of
elemental iron everyday for 90 days, After this period of
supplementation the volunteers were studied agains for the
various factors mentioned above, and cémpared with before

supplemen tation values, The results of the study indicated
the following faets.
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1. The mean food intake of both the anaemie and
non-anaemic volunteers was below the recommended allowances
with reference to cercals and green leafy vegetables

vhich is the richest and cheap sonréo of iron, However

the intake of green leafy vegetables of the non-anaemie

group was double vhen compared with the anaemic volunteers,
The other nutrients like protein, ealcium, retinol, thiamine,
riboflavin, ascorbic acid were above the recommended allowance

in both the growps.

2, The mean haemoglobin levels increased from 9.4

to 11,7 /100 ml. after supplementation for all the anaemiec
volunteers,

Se The extent of inerease in pulse rate and blood pressure
vere relatively less after supplementation with iron while

performing the same activities, indiecating & better cardiac
and pulmonary effieiency,

4, The atheletic performance was completed at a faster
rate after supplementation suggesting that iron deficiency
anaemia decreases the atheletic performance by ecausing easy

fatigue, and supplementation with iron improves the performance.

Thus the present study lead ws to the conclusion
that atheletic perform~nce can be improved in agolescents

suffering from anaemia by a suitable iron supplementation
programme,
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APPENDIX - I

ESTIMATION OF HARMOGLOBIN BY CYARMETHA RMOGLOBIN METHOD

The haemoglobin is treated with a reagent containing
potassium ferri€yanide, potassium dihydrogen phosphate,
The ferricyanide forms methaemoglobin which is converted
to cyanmethaemoglobin by the cyanide,

REAGENTS

1, Drapkin's diluent solution
Sodium biearbonate 1 gm,
Potassium cyanide 0.05 ge.
Potassium ferricyanide 0.2 g.
Distilled water 1l litre

This solution is preserved in a dark bottles and
preferably uhder cold storage, Its preparation and
handling should be done with great care. This solwtion

should not be used after it forms a precipitate at the bottom
of the storage bottle,

PROCEDURE

l. Exactly § ml. of thedrapkin's diluent 1s measured

into a dry test tube froma burette (or) a pipette with
suction bulb.

2. Exactly 0.02 ml. of blood i3 measured from a
3tandard haemoglobin pipette into a diluent solution.



Usual care in filling and cleaning of loaded
haemoglobin pipette must be observed,

3e The pipette is rinsed three times with the diluent
solution without allowing the formation of air bubbles
in the solutlon,

4, The blood and the diluent are thoroughly mixed by
rogating the tube.

5. Ten minutes time 1s allowed for the formation of
cyanmethaemoglobin,

G, 5 mls of diluent solution is used as blank.

7o The readings are taken in a photo electric
colorimeter at 540 mu.

a r dure

l.  Totsl blood 1ron\ls determined by Wong's method which
would give absolute amount of haemoglobin,

2. Exactly 0,02 ml. of this known blood sample is measured
into 5.0,7.5, 10.0, 12:8 and 15,0 ml, of diluent solution.
These are now equivalent to blood samples containing respectively

100, 67, 50, 40 and 30 per cent of the original haemoglobin
concentration,

3, The intensity of the color 1s read using a green filter
at 540 mju against a blank at zero density.



DETERMINATION OF IRON AND HAEMOGLOBIN ~WONG'S METHOD
TO STANDARDISE THE HAEMOGLOBIN VALUES

Rrinciple

The iron is detached from the haemoglobin molecules
by treatment with concentrated sulphuric acid in the presence
of potassium per-sulfate without heating. Ageter jemoval
of the proteins by tungstiec acid, the iron in the filterate
is determined colorimetrically, From the total iron content,
the haemoglobin content is readily obtained, since the
haemoglobin content 1s 0.34 perecent of iron and only

1 to 2 percent or less of the total bjood iron is non haemoglobin

{ron.

Reagents

1. 10% sodiumn tungstate

2, Saturated potassium persulphide solmtion
3. Potassium cyanide

4, Standard iron solution

§. Working stan‘nxa

Brocedure

With an Ostwald (or) micropipette, sccurately
transfer 0.5 ml, of well mixed oxalated whole blood into a
50 ml, volumetriz flask, Add 2 ml, of saturated potassium
persulphate solution, Mix and dilute to about 25 ml,
with water, Add 2 ml. of 10 percent sodium tungstate



solution. Mix and cool to room temperature wnder the tap,
and dilute to volume with water, Stopper and mix by
inversion filter through & dry, paper, collecting the
filterate in a dry flask, Prepare a standard in a

second 50 ml, volumetric flask by addition of 2 ml, of
concentrated sulphurie acid, 2 ml, of saturated potassium
persulphate and 2,5 ml, of standard iron solution
containing 0.1 mg, of ferrie iron per ml, Cool to room
temperature, dilute with water to the mark and mix, Prepare
a blank similar to the standard but omitting the standard

iron solution.

Measure 20 ml. of unknown filterate, standard and
blank if, necessary into separate tubuwes. To each
add 0.5 ml, of saturated persulphate solution followed
by 2 ml., of 3N potassium thiocyanide solution. Mix by
inversion and read Wwithin the next thirty minutes, setting
the colorimeter to zero density with the blank at 430 YU .

Ca;culatiog

Density of unknown
x 0¢25 x 200 .1
Density of standard ’ 06 3.4

= Grams of haemoglobin per 100 ml, of blood.
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APPENDIX « III

INDIVIDUAL HBIGHT AND WEIGHT OF THE VOLUNTEERS

2 B B B EE S EESER X EEBEESESRSERIEHLSNR s T = === =82

~ Anaemic ' Non-Apaemie
Nos Height Weight N;:““1-1;;;1-1;-“-““;J;;;;n“
in cm, in Kg. in cm, in Kg.
VI U P

1, 160 43 Te 134 40

2. 163 45 2, 158 52

3. 138 25 3. 152 &2

4, 143 3s | | 4 183 42

8. 156 49 8. 152 42

6, 183 T 43 6, 142 3s

7o l64 42 Te 183

8 162 47 8. 136 40

9. 165 63 9 156 48
190, 158 42 10. 160 44
1, 182 46 ‘11, 188 46
12, 148 48 iz, 158 80
13, 148 48 13, 183 45
14, 156 46 ., 158 48
18, 153 41 18, 181 47
18, 181 80 ie, 156 42
17 154 44
i8. 153 4l
19, 188 88
20, 154 40



APPENDIX IV
INDIVIDUAL HARMOGLOBIN VALUES OF THE VOLUNTEERS AT THE START
OF THE STUDY
€ 2 EX B8 S S S ESSEEEESS S EESFEESEEEESEESRESEESR
Anaemic group Non-Angetfif Ergug .
) .l:m;e: ) -: ) ;‘;mggggg;ﬂ. ) Numbey Ba‘:;%b:‘i‘
e e e e e e e e e e G ee e e e e, e En e -
1. : 8.2 1, llfo
2e | 1040 : 2, 11,6
3. 948 | 3, 1,2
4 940 4, 14,2
- Be 9.8 ‘B 18,0
- G 9.6 6, 1340
P 9.4 Te 14.4
8¢ 1040 8. 12,8
9 1040 - 13.8
104 7T ) 104 13,8
11, 9.8 11, 13.2
12, 940 iz, 14.3
13, 9.2 13, , 18,2
P 1040 V% 11,2
15, 9.6 1s. 11,6
16, : 8.4 18, | 12,0
17. 9.8
18. 9.4
19, 9.8
20, 8.0

.-'n.....38.I.""....l.t.'...’.'...
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APPENDIX V.A

INDIVIDUAL PULSE RATE IN VOLUNTEERS AT THE START OF THE STUDY

FOR RUKNING
5 B EREEREREES S SR S EERSSE 2 ES S SEEES =S ER ==
Anaemic Non-Anaemic
" WP P SR B e G WE W > W @ = W W™ W s @ ww = = = G0 e & E W -
: Lefore After Before = After
Number aopivity aetivity Number ggtivity activity

- mer m WD W P W e G % S P P e ® W% D W W SR ® W S -0 ® -

i, 74 . 88 1, 72 78
2, 76 32 2, 73 82
3 73 96 3, 72 7
44 74 86 L 72 78
L 76 102 S, 73 7
6. 75 90 6. 73 79
7 75 92 T 74 20
8s 76 96 8. 72 ”
9. . 30 96 9. 73 a1
10. . 7 92 10, 72 76
i, . 73 91 11, 78 73
13, . = 94 12, 7 80
i3, . 80 23 13, 73 a8
. 73 29 14, 73 81
18. 7?6 32 18, 72 80
1e. . ¢ ] 80 16. 73 77
17, . 74 86
18. 3 88
19, 7R 80
20. 74 86

B E XSS EESES SR REESESNERERS S B R E T EERESRE RS



APPENDIX VB 70
INDIVIDUAL BLOUD PRESSURE IN VOLUNTEERS AT TH: START OF THE
BIUDY FOR RUNNING

E E Xl ¥ s =S B E 2 S E EEREBE T 2B @S BEEEEEZR

Anaemic ' Non-Anaemic
-Nf - ;c;o;o‘ T Xr;e; o -R;.- fB;f;r; o -A;t;r- -
0. activity activity activity activity
1, 108/76 139/82 1. 120/30 132/82
2, 117/73 146/30 2. 120/80 140/81
3. 11s/79 139/83 3., 119/30 138/81
4, 1l19/80 142/30 4. 120/%0 134/31
S. 113/74 . 142/30 8. 119/380 132/81
6, 103/76 140/81 6. 120/30 130/30
7 116/78 140/34 T 129/30 131/381
8e 109/78 143/82 8. 120/80 134/381
Do 118/30 133/88 = 28 120/30 131/82
10. 116/78 138/8€ 10, 119/30 131/20
11, 113/78 140/81 11, 119/60 136/32
12, 118/80 130/80 12, 120/30 132/82
13.  120/%80 144/81 13. 1l9/30 131/31
14, 117/79 139/30 14, 119/80 132/82
15, 120/82 138/84 15, 119/30 133/82
16, 120/80 142/83 16, 120/80 130/30
&7, 120/78 140/81
18, 119/80 138/30
19, 120/79 140/82
20. 119/79 142/81

® B T X T 2 R = == =
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INDIVIDUAL PULSE RATE IN VOLUNTEERS AT THE START OF THE STUDY

ZE xE B ENRE NS T EEEEESBEEESEERER

FNon-inaemie

= e = e = = e e - >

Before After

activity aectivity

- e e & dp W O W e S S W P = e 5 B = = e " o

FOR S8KIPPING
EEEBEREES
Anaemic
> e o e e mm e .®ew - =
Nos azzigigy a‘:i:iiy Ro.
1. ™ 39 1,
2, 73 104 2,
3. -3 30 3.
4. 7 104 4.
8. KL 100 5,
6. 78 36 6.
T 73 29 T
8, 76 98 8,
9 76 23 9
10, 74 92 10.
11, 73 96 11,
12, 76 100 12,
13. 74 a7 13,
i4. 73 80 14,
18, 72 79 18,
16. 72 36 16,
17, 74 81
18, 76 108
i9, 76 90
20, 7% 84
EEEEEENSEEEEERERSSEERESEE S X

73 84

72 88
73 84
74 90
7 34
74 36
72 90
73 80
72

73 32
74 83
72 86
73 a2
76 88
73 a6
73 a3
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APPENDIX VI-B

INDIVIDUAL BLOGD PRESSURE IN VOLUNTEERS AT THE START OF THE
STULY FOR JUMPING

E =z EEEEEREERESESREEE S ESEETRE=SEEE
Ansemic Non-Anaemic

oo gty ity T sethiv i
1. 114/73 142/32 1. 120/80 135/81
2, 116/30 141/84 2, 119/80 138/82
3, 118/79 142/81 3., 118/80 132/81
4. 120/30 143/34 4. 119/80 139/82
6. 120/80 146/36 5. 120/30 135/81
6. 116/79 140/83 6. 119/80 134/81
7 1i8/78 142/84 7. 119/79 139/83
3. 11s/77 139/33 8. 119/30 135/82
9. 120/79 140/33 9. 120/30 132/81
10. 11g/78 144/82 10, 119/80 134/81
11, 116/79 148/33 11, 119/30 135/82
12, 118/77 136/70 12,  120/30 132/81
13. 1lig/76 150/82 13, 11is/79 137/82
14, 113/79 143/39 4, 120/30 139/82
15. 113/76 140/86 15, 120/30 139/32
6. 120/78 140/89 16. 119/79 140/82
17. 119/78 138/82

18. 120/80 144/38

19. 120/76 136/82

20. 116/30 l43/38

X ErIEEEEEECIECECEErECEECEBEEEECEE & = 85



APPENDIX « VIIeA 7

INDIVIDUAL PULSE RATE IN VOLUNTEsRS AT THE START OF THE STUDY
FOR JUMPING

S B X 3 & 8 & X = & E B ES EEZ I BESESEEREEESERSE

~ Anaemie Non-Anaemi: e el
‘N;- -E:f;r: TTT .'A;t;r. i ‘ - ];,- o Eo;o;c. i After
activity activity: - att.t:ify. .a:ti.v:.tz .

1. 78 99 1, 72 80

2. 72 78 2. 71 8l

3. 73 79 3. 72 79

4. 75 34 4. 74 80

5, 73 a¢ 5. 72 a3

6. 74 as 6. 72 80

7e 78 95 7e 72 80

8. 73 ;3 § 8. 72 78

9, 76 - 72 78
10, 78 34 10, 73 20
11, 78 10 11, 72 79
1z ™ 94 12, 73 a1
13, 73 1p2 13, 70 78
14, 7 98 14, 73 80
is, 72 79 18, 7% a3
6. 78 100 18, 73 20
17, 76 88
13, 73 85
19, 74 a3
20. 73 100

EzxszE = = . '
Ex = B‘ﬂ.:t.ggiﬂﬂlltlﬂﬂlt.t.l‘.



APPENDIX VII.B 74

INDIVIDUAL BLOOD PRESSURE IN VOLURTEERS AT THE START OF THE
SIULY FOR JUMPING

£ cc-rzsErETrsErEECTSEEEEECEEREREESSESTEC RS
Anaemic Non-Anaemic
‘n;: i ;e;o;: o -A;t;r- T No.“ - ;o;o;e- T 'A;t;r- o
activity activity activ ity activity
1, 118/72 140/81 1, 119/30 130/%0
2, 120/79 138/30 24 1l9/79 132/30
3. 118/76 139/31 3. 120/80 130/%0
4, 119/79 139/81 4, 119/30 131/30
5. 116/74 143/81 5. 120/30 132/31
6. 109/78 136/30 6. 120/30 130/81
7 113/72 140/79 7. 120/30 130/31
3. 119/73 140/81 3. 119/80 132/81
9. 116/78 133/30 9. 120/79 131/30
10, 117/79 l42/81 10, 119/79 131/81
11, 119/77 146/32 11, 119/30 131/81
12, 120/80 133/30 12, 120/30 130/81
13, 109/76 136/30 13, 119/79 132/31
14,  109/73 139/81 14, 120/30 130/30
15.  1le/30 132/30 1s. 119/79 132/30
l6.  120/78 140/30 16. 120/30 130/30
17, 1ig/76 139/31
1s. 115/78 140/80
19, 119/30 142/82
€0, 118/79 142/83
EEE-zx=rcrczcrzErsEEscsccfccEze =< o



APPENDIX VIII-A 78

INDIVIDUAL PULSE RATE IN VOLUNTEERS AT THE START OF THE STUDY
FOR CLIMBING STAIRS

Tz EEETEESTESECES T EEEEEESEESEESETECEEEE
Anaemic -__------_-_.lign:a&ga:mi.e‘_---
;; ] go;oro After No. Before After
activity aetivity * activity activity
1, 80 100 1, 72 a2
24 72 79 2. 73 80
3, 73 86 3. 72 79
4, 72 98 4. 72 73
5. 76 100 6. 74 82
6., 76 98 6. 72 79
7. 77 a3 s 72 76
8. 73 80 8. 73 78
9. 78 100 9. 72 76
10. 82 100 10, ) 30
il, 78 93 11, 72 79
12, 76 100 12, 72 320
13, 80 93 13, 73 30
4, 74 83 14, 73 20
15, 76 100 15, 73 82
6. 80 26 16. 73 79
17, 73 81
13, 75 81
ig. 74 100
20. 76 96

':888:888!.‘:8':"8‘333833.88888:.3



APPENDIX VIII-B

INDIVIDUAL BLOUD PRESSUR: IN VOLUNTEERS AT THE START OF THE STULX
FOR CLIMBING STAIRS

£ 2T 2 B S ¥ T ESEE SR ESREX ES R EEEEEEZEEEEEEEREEEBR

Anaenmic Non-Anaemic
oo. Before  After  y  Befors  After
activity activity activity activity
i, 108/76 140/78 Z, 120/30 131/81
2, 114/73 143/81 2, 119/80 131/30
3. 119/78 152/ 3. 119/30 132/30
4, l0a/78 140/78 4, 120/30 131/81
5. 108/70 140/381 5. 120/30 131/81
6, 104/74 134/79 6. 120/30 133/82
7o 120/78 146/80 7e 119/80 131/82
8.  119/76 140/81 8, 120/30 130/30
9 112/72 140/78 9. 119/80 130/30
0. 110/78 138/82 10, 120/80 131/30
11, 110/30 140/81 11, 119/80 131/80
1z, 114/74 139/78 12, 119/830 130/30
13, 119/78 143/81 13, 118/79 130/81
14, 113/74 143/78 14, 119/30 132/81
1s, 109/76 142/30 15, 113/79 132/30
16, 116/74 138/73 1e. 120/30 133/81
17. 108/76 147/82
18, 119/30 132/81
19, 108/72 133/78
20. 116/74 146/80
Frz s sz EEZETCT S EE T SS == &£ = =



APPENDIX « IX-A

IRDIVIDUAL TIME TAKEN FOR VARIOU3 ATHELETIC ACTIVITIES IN THE
VOLUNTEERS AT TH: START OF THE STUDY

® ¥ T ¥ XS ERBE S N D OE NS EIXS S ES D BECDBEEEERER =SS S =
100 Meters Running
- W o W e W e e G W Em w = gh o W W A 9 Em T s W P W S S N I M " W W W
Fo., Anaemie ¥o Ron-Anaemie
L)

Time taken in seconds Time taken in seconds

i
St ® T W W ® = E G S W W W = W G @ E s W O T W S G S D o owm B @ W

1, 30 1, 28
2, 24 2, 28
3 24 3. 22
4. 36 4, 24
6. 30 8., 20
6. 26 6. 28
7 27 7 23
8 30 8. 29
9. 25 " ) 21
10. 34 10. 18
11, 25 11, 23
12, 28 13; 25
13. 25 13, 20
4. 26 4, 23
15. 30 18, 22
16. 25 16, 27
17. 27
18, 2§
19, 27
20, 25



APPENDIX IX-B
x 78

INDIVIDUAL TIME TAKER FOR VARIOUS ATHELZTIC ACTIVITIES
IN THE VOLUNTEERS AT Th: START OF THE 3IUDY

B 2 E X ES 28 XS ESZENSSEREEEREEECESESEREES Z N8 SEES

Skipping for 100 times

- W G m e m e W NS = eom e oW owm w w - E e wm W W WS WP W e = = e

Anaemie Non-anaemie
Nunber Time taken in secs; Number Time taken im sees,

LR B N I e T N P S P

14 130 1, 90
24 84 2. 56
3. 87 3. 40
4, 91 4. o2
6. 103 5. 95
6. 127 6, 90
7 108 7 88
8. 138 84 80
9 130 D 62
10, 115 10, 79
11, A30 11, 920
12, 145 12, 83
13, 130 13, 86
4. 45 4, s
15, 45 15, 77
1e. 105 16, 7
17, 180
1s, 55
19 112
€0, 60

= )
_I.:’-I..'.ﬂ..."".‘l"tﬂl.ﬂt.‘.’



APPENDIX IX-C 79

INDIVIDUAL TIME TAKEN FPOR VARIOUS ATHELETIC ACTIVITIES IN ThHE
BOLUNTELRS AT THE START OF THE 8TUDY

E ¥ BE & B & B E S 2 E S - - F D = = BPES2 S D S S E R =S £ 8 =5z=2=2

J UM PI NG

- S > ® o PSS e T P ® e TN O e @S D DWW W WS wae -

8.N0s  Time éﬁi;“i: seconds  Noé Time lég;;ﬁnigmégmu.
R I R L

14 28 2, 26
2. 28 2, 0
3. 26 3 17
4; 25 4, 0
8¢ 22 8. 30
6. 25 6. 87
7 25 T 23
84 28 8¢ 82
9 25 9 28

104 22 0. 25
11 26 i1, 27
125 29 12, 22
134 28 13, 17
M. 2e 1, 30
15, 28 1s. 26

16, 25 1s, 23

17, ee

3. 25

19, 26

20. 24

n
"
"
[}
"
"
|
"
“
L ]
n
]
L]
L)
"
%
]
]
n
n
|
]
N
]
"
]
"
L
"
"
"
"
"



APFENDIX 1X-D

INDIVIDUAL TIMi TAKEN FOR VARIOUS ATHELETIC ACTIVITIES IN THE
VOLUNTEERS AT TH: START OF THE STUDX

EEENENEEENEENEEEESENEENENENRNENRIENRSEINSEIENEERN]
CLIMEING STAIRS
i S s W s = B W > B m W W e P S W W W D B S S = P e Do
Anaemic ! ¥o, Non-Anaamic
Nos Time taken in Seconds Time taken in Seconds

B S B = P @ W W P e = e P e S W W W™ O W W e W = WS 4G w

b 35 i, al
2, 35 2, al
3. 27 3. _ a
4, 33 4 | 21
8, a6 8. 23
6. 38 6, 19
T 33 T 24
3 25 8. a2
9 20 9, 22
10, 6o 10; 21
1, 45 11, ee
1g, 28 12, 24
13, a3l 13, 23
4, 40 14, 27
18, 21 is, 22
18, 38 18, 27
17. M
i3, a3
19. 28
20, 3l



APPENDIX X

INDIVIDUAL BAEMOGLOBIN VALUES AFT:R S8UPPLEMENTATION

- ‘Numbesz Hag;g&g)l;iﬁ:n

W B W B e W B G W DG S WG B W E B ® e ® e = ®

1, va 11,4
2, .o 12,3
3 . 11.4
4, oo 1l.4
8. ve 12,3
6. .o 10.8
7 .o 11,7
8s °e 12;0
| I8 se 12,8
10: s 118
5 .o 18,1
iz, ve 120
13, .o 114
14, . 10.8
18, .o 11.0
16. .e 12.0
17. ve 18,3
i8. .o 12,0
i9. . 1l.4
20. .o 12.2

tsssgcssacaca.actat.:u.:un:zcan



APPENDIX XI 82

INDIVIDUAL PULSE RATE ARD BLOOD PRESSURE IN VOLUNTEERS
PERFORMING RUNNING AFTER SUPPLEMENTATION

¥ zr g E g2 EEXEXEEZEZEEEZ= =T S EXEEZZ == === S

L p.l_s: Rafc_ L ) Blood Pr:siuo .
"o Before After  yo,  Defore  After
JoLsetivity | aetivity T etivity acevitr
1, 72 23 1. 119/79 132/81
2. 72 34 2. 119/830 136/81
3, 72 30 3. 120/79 132/81
4. 73 a2 4. 119/%0 133/81
5. 73 ' 84 5. 113/79 132/81
6, 72 sl 6. 117/79 133/81
7o 73 82 7.  120/%0 131/81
3. 72 30 3.  119/30 135/81
9. 73 82 9. 1ll9/79 132/81
10. 73 84 10. 118/79 136/81
11, 73 82 11,  1la/80 136/81
12, 72 7 12,  119/79 133/81
13, 73 81 13.  120/3%0 129/81
14, 72 a2 la, 119779 132/31
18. 72 81 15.  120/30 129/81
16. 72 73 l6. 1ll9/79 130/81
17. 72 81 17.  120/79 130/81
18. 72 82 13.  119/79 130/81
19, 72 20 19,  120/30 131/31
20, 73 80 20, 119/80 133/381

t-.-s:::aazszz::zn::zuz::zszzz:cr.:



APPENDIX XII 83

INDIVIDUAL PULSE RATE AND BLOM® PRESSURE IN VOLUNTEERS PERFORMING
SKIPPING AFTER SUPPLEMENTATION

EEEc s ETEEEREETZESBECEEZESEESEEESSESTREESE
Pulse Rate Blood Pressure
No, Defore After No. ;ofo;o After
activity activity activity activity
1, 72 84 1. 119/80 136/82
2. 73 84 2, 120/30 133/82
3. 72 32 3. 120/30 135/82
4, 73 8l 4., 120/78 134/81
S. 73 85 S. 120/79 136/31
6. 73 8?7 6. 119/30 133/82
7 73 84 7 120/79 135/31
8e 73 82 3. 120/30 138/32
9. 72 33 9. 119/80 136/82
10. 72 86 10. 120/30 136/32
11, 73 82 1l. 119/79 136/81
12, 72 38 12, 120/79 132/81
13. 3 86 13, 120/79 136/82
14, 72 83 14, 120/80 132/82
15. 73 84 15. 120/79 132/81
16. 72 31 16. 120/30 134/82
17. 72 36 17, 119/79 132/82
13, 73 84 13, 120/30 134/82
19, 73 86 19, 119/80 132/82
20, 72 83 20. 120/79 134/81

==288288::3:83333:88888:8::::8===B



APPERDIX XIII

INDIVIDUAL PULSE RATE AND BLOOD PRESSURE IN VOLUNTEERS PERFORMING
JUMPING AFTER SUPPLEMENTATION

£ rs2 2 EEEE R E X EE 2 EREEREZ S ESZ B EEZEE

‘Pllso rate Blood Pressure
xo. DBefore  After  xo. Betore  Atter
activity  activity activity activity
1, 72 8l 1. 119/80 128/30
2, 72 78 2. 120/79 130/30
3. 73 77 3. 118/79 123/80
4, 73 31 4. 119/79 130/30
5, 72 80 8, 120/80 128/30
6. 73 80 6. 119/79 126/30
T 72 82 7 120/30 132/80
8. (c 78 3. 119/79 128/30
9 72 8l 9, 118/79 132/30
10. 73 80 1o, 117/79 129/30
1l. 72 78 11, 119/30 128/80
12, 73 32 12, 120/30 123/30
13. 73 84 13, 119/79 123/30
14. 72 81 14, 120/30 130/80
15. 72 73 1s, 119/30 130/%30
16, 72 79 16, 120/79 132/30
17. 73 31 17, 117/80 130/80
1s. 73 81 13, 119/30 134/30
19, 72 81 19. 119/30 132/30
20. 72 30 20, 120/79 130/30

=888'88388328833888888388838888888



APPERDIX XIV

INDIVIDUAL PULSE RATE AND BLOOD PRESSURE IN VOLUNTEERS

PERFORMING CLIMBING AFTER SUPPLEMENTATION

35

Blood Pressure

Pulse Rate L.
;0: .B:f;r: T Af;or
activity attivity
1, 73 80
2, 72 78
3. 73 80
4, 72 82
8. 72 80
6, 73 79
7 73 81
8. 72 80
9 72 80
10, 73 82
11, 73 a1
iz, 72 80
13. 73 31
14, 72 80
15.73 73 8l
16, 72 33
17. 73 81
18, 72 30
19, 73 8l
20. 72 80

1.
2.
3.
4.
S,
6,
7.
8.
9

Before
activity

116/77
119/78
119/78
119/30
120/80
119/80
119/79
119/30
120/30
119/79
119/30
120/30
119/30
120/80
120/80
1l9/80
119/79
120/30
119/30
120/79

1238/30
131/230
130/30
132/30
123/30
128/30
130/20
130/80
128/30
132/30
130/80
123/30
129/30
128/30
130/830
129/80
123/80
129/30
128/30
128/80

After
activity

=



APPENEIX

Xv

INDIVIDUAL TIME TAKEN FOR VARIOUS ATHELETIC ACTIVITIES IN

VOLUNTEERS AFTER SUPPLEMENTATION

SKIPPING

JUMPING

CLIMBING

- M v W= W W S S G W N e B e s Gy = i G W W W W B e 9 I @ & S e W e »

RUNNING
No, Time taken
(Seconds)
i, 24
2, 22
3, 22
4, 26
8. 23
6, 22
7. 25
8. 22
P.24 24
10. 26
11, 24
12, 25
13, 26
1s, 26
1s. 23
le. 20
17. 26
18, 25
19, 22 -
20, 24

Time taken
(Seconds)

60

S & 8 8

83

S &8st 2zee 8

g 8

Time taken
(Seconds)

23
23
22

SPRREESRPESRRERE S

Time taken
{(Seconds)

"
"
L]
]
n
"
n
n
n
"
|
n
n
]
"
"
"
n
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L
"
L
"
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