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I. INTRODUCTION I

Malnutrition in a society results in a degradation
of the human being which itself is a social problem that
cries for a solution ( Aree, 1984 ). Malnutrition which
exists in all countries is a challenge to man's conscience
and an opportunity to eradicate a social evil by methods

which increase economic productivity.

Dallman, Simes and Strefel (1980) Syolin (1981) and
Nutrition News (1988) report that in developing countries
the incidence of anaemia is high compared with that in

industrialised parts of the world.

Finch etal (1983) point out that anaemia is more
prevalent among the low income groups than among the moderate
and high income groups. Several extensive surveys conducted
all over the world reveal that the prevalence of anaemia
varies from 10 - 50 percent or even more and most of the
cases have been ascribed to iron and other nutritional

deficiencies ( Bengoa 1974 ).

Among the population groups those affected by anaemia
are mainly children below school age, adult women of ;ﬁild
bearing age and nursing women. It has been recently estimated
by Maeyer (1984) that 200 - 250 million women in the world
suffer from iron deficiency anaemia, the number of children
affected is probably about the same, which means that at
any fihe there a;e about 500 miliioﬁ people with anaemia

due to iron deficiency.



Studies indicate that about 29.percent of school
going children suffer from anaemia. (Nutrition News 1984). .
Rao (1987) reports prevalence of anaemia ranges from 60-70
percent both among women and children and 30-40 percent
among adult males and older children in most parts of India,
(Thiagamd) warns that in India at least 50 percent of
pre school children and 60 percent of the women suffer
from anaemia, Iron deficency anaemia is so wide-spread
that it is not restricted to vulnerable groups but affect
a large cross section of the population including males
without significant loss of blood. Studies conducted by
National Institute of Nutrition (1980) show that a prevalence

rate of 28«30 percent exists among men in rural India.

Anaemia is a major complication of pregnancy in
developing countries and is belie%ed to be a contributing
factor in the increased incidence of genitourinary infections,
still births, premature infants and in reduction of birth

weight of infants (Easwaran etal 1982).

Anaemia reduces the work capacity due to early on set
of fatigue and the productivity of non-anemic labourers
was about 20 percent higher than that of their anaemic

counter-parts (IBRD 1974),

The prevalence of iron deficiency anaemia and the
resulting lowered work capacity of population groups
brings home the pressing need for improving the condition

of anaemic groups, especially women.



High prevalence of anaemia with special reference to iron
deficiency in India leads to poor nutritional status greater
incidence of morbidity and affects both physical and mental

behaviour of the individual,

Haymes (1972) stresses that there is a real need for
insuring an adequate iron intake in the diet of people who
participate regqularly in strenous physical activities, with

special reference to women.

Rao (1985) opines that the only proven way through
which anaemia can be alleviated is to increase iron intake,
either by providing medicinal iron (supplementation) or by
adding iron to the diet through fortification,or by increasing

t~e intake of iron rich foods,

Benefits of anaemia alleviation include reductipn in
maternal and infant morbidity and mortality, lowered incidence
of stunted growth and development, enhanced levels of
productivity of industrial and agriculturél workers and
improvement in the'ovgr-all health status of the population

(1985).

World Bank (1982) reports that iron supplementation
increased the productivity of employees by 20 percent and
has a high social cost benefit. Reduction of the percentage
of people living below the poverty limit to}anAextent of
about 10 percent amounting to about 70 million people can
be accelerated by implementing measures to prevent anaemia
and to treat people afflicted by anaemia, according to

Thiagaraj (1984).



The incidence of anaemia in rural and urban communities
of India was reduced by the introduction of salt, fortified
with iron according to Nutrition Review reports (1983) -
and Vijayalakshmi etal (1986). These studies have proved
that after iron supplementation, energy output decreased
and work output increased., Fortification of salt helped
to improve hemoglobin levels in the anaemic groups and

prevented deterioration of hemoglobin, values in children

Nadiger (1980).

Levin (1985) points out that fortification of salt
with iron showed an increase of about 3g/dl of hemoglobin

over the initial values.

A study conducted by Levin (1985) indicated that a rise
in hemoglobin level by 10 percent is associated with a rise

in work output by 10-20 percent.

A solution has to be evolved for improving the poor
nutritional status of the population with special reference
to their iron intake and hence present study has been

undertaken, along these lines of thinking.

salt is a substance which is universally consumed
and centrally processed. Iron fortified salt has been
commercially developed by some of the sz2l1lt procuring
companies, recently. The effectiveness of the fortified
salt in improving the anaemic status and working capacity
needs to be evaluated before making it available to the

populations.



Hence the present investigation was undertaken with

the following objectives.

1) To identify anaemic-adult women.

2) To supplement iron fortified salt to these adult

women.

3) To study the impact of supplementation of iron
fortified salt on these adult women with reference

to their biochemical picture and work efficiency.

-
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II REVIEW OF LITERATURE

The review of literature related to the present study
on Anaemia, Work output and Impact of iron fortified salt

supplementation on Adult Women.is discussed under the following

headings

A. Prevalence of Iron Deficiency Disorders
B. Anaemia and Work Output
C. Supplementation with Iron

D.  Factors Affecting Iron Absorption

A. Prevalence of Iron Deficiency Disorders

Devadas et al (1981) observed that despite India's
marvellous increase in food production, nutrition problems
continue to be formidable. Malnutrition is still one of

the unwanted obstacles in national development.

Anaemia constitutes a considerable problem of public
health throughout the world specially in developing countries
(Baker and De Maeyer (1979) and De Maeyer and Adiels-Tegman

(1985).

According to Herberg et al (1981) nutritional anaemia
is estimated to affect 500 million to 1 billion people world
wide and around 10 to 20 percent of the population. Rates
are as high as 80 to 90 per cent for pregnant women in

certain areas of India, Bangladesh and Pakistan.

Hallberg et al (1984) found out that there is a high
prevalence of iron deficiency anaemia in most developing

_countries., Haemoglobin survey in-hospital attending urban



slum population in India indicated that the prevalence of
anaemia is still as what it was ten to fifteen years ago

(Nutrition News, 1983).

The high frequency of anaemia in several parts of
the world emphasises the importance of iron as a limiting
nutrient. The prevalence of iron deficiency anaemia varies
from 9 to 70 percent in different population groups examined

(chandra, 1981),

Shukla (1982) reported that anaemia in a rural comminity
of uttar pradesh, India, showed as overall prevalence rate
of about’' 68 percent in pregnant women and 25 percent in

non-pregnant women.,

A study conducted by Ueno et al (1984) showed that
8 to 10 percent had low hemoglobin levels., Blot et al (1980)
and Hecberg etal (1983) opined that the risk was increased
during pregnancy and breast feeding with inadequate iron
stores at the beginning of pregnancy and it was impossible
to meet the increased need. Based on the world health
organisation standard, 26.6 percent of the population were
anaemic, the highest percentage of anaemic subjects were
found at the age group below one year (51-3 %) and among

pregnant women (48-60 percent Emilie et al, 1985).

Bothwell etal (1981) pointed out that women of child
bearing age because of their increased iron losses due to
menstruation constituted a group of 'at risk' due toiron

deficiency.



Studies from Health and nutrition surveys by Johnson
and Abraham (1979) confirmed that the mean value of blood
hemoglobin and serum iron concentration as well as mean -

percentage transferrin saturation were higher for males

" than for females and for whites compared to bl .acks.

From studies conducted by Refino et al (1980) it is
evident that some tissue iron compounds such as skeletal
muscle, cytochrome C and myoglobin becomes depleted to a
similar degree as haemoglobin, not only with se:vere iron
‘deficiency anaemia but also when iron deficiency is relatively

mild.

The ma jor cause of anaemia in our country is iron
deficiency due to inadequate intake of dietary iron and /
or its poor absorption from cereal based diet consumed by

our population (Rao, 1984 and 1987). )

The mean nutrient intake of the anaemic subjects
was inadequate with regard to energy, iron and retinol and
. it was lower than the nutrients consumed by non-anaemic

groups (Vijayalakshmi and Selvasundari, 1983).

The global reduction of energy intake observed in the
last decade has been followed by a decrease in iron intake
making it more difficult to cover the requirement of some

population groups (Dupin et al, 1983).

Hodges and Cantam et al (1978) established that anaemia

is a consequence of inadequate intake of vitamin A.

(W=



Relatively high prevalence of iron deficiency existed
among the elderly subjects and that iron deficiency
contributed to low haemoglobin levels (Johnsonzand Walters,

1986).

Atheletes may be at risk of deVeloping iron deficiency
because of sweat losses, intestinal losses, haematuria,
increased demand for increased total body haemoglobin and
poor di ;etary intake (Paulev et al 1983, stewart et al 1984

siegel et al 1979).

The main factor in the anaemia and lower vitamin
B-12 was nutritional deficiency and in some cases bacterial

jnfection and liver disorders (Mayer et al 1983)

Severe iron déficiency anaemia can lead to an over
worked heart and reduced muscle function, faulty digestion,
reduced production of hydrochloric acid in the stomach increased
infections, reduction in iron containing enzymes, cellular
damage, low iron stores and altered beha&iour in children
are additional hazards of an iron deficient condition

(Wench et al 1983).

B. Anaemia and Work Output

Physical activity can be defined as the potential of
an individual to engage in activities involving muscle

action (wWHO, 1975).

Iron deficiency anaemia affects the physical work
capacity by reducing the availability of oxygen to the
tissues which in turn affects the cardiac output and the

heart eventually leading to death in severe cases (Vijayalakshmi

et al, 1983).
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Anderson and Ba'.ker, (1971) opined that significant
changes in physical performance were noted only when the
haemoglobin concentration was below 10g/dl. Studies
conducted by Viteri and Torun (1974) on the working
capacity of a group gf agricultural workers with an
increased prevalence of anaemia showed that anaemic workers
had significantly lower s.ceres for physical performancé

test than non-anaemiC control subjects.

Anaemic subjects with haemoglobin level below 12g/
100ml in males and below 11.5g/ 100 ml in females had
disturbances in attention and perception (Brown et al 1972

and Webb and Oski, 1973).

Iron deficiency anaemia induced in rats lowered both
voluntary activity and ability to withstand forced exercise.
The degree of impairment of performance is more closely
related to haemoglobin level rather than to levels of other

compounds containing iron (Grills, 1983) .

Studies conduded by Hutton (1979) revealed that iron
deficiency anaemia leads to a significant decrease in whole
blood viscosity thus decreasing oxygen availability to the

tissues,

srikantia et al (1976) found out that the cell
mediated immunity and bactericidal activity of circulating
leuko cytes were below normal when haemoglobin concentration

was below 10g/ dl.



Finch, (1979), Dougall et al, (1975) Leibel et al, (1979)
and Brock et al, (1987) suggested that iron deficiency anaemia
causes a defect in oxygen transport, impaired muscle

metabolism, immune defects and cognitive disturbances.

Chandra, (1973) indicate that iron deficiency causes
abnorm-alities in brain function in children., There is a .
good deal of experimental evidenCce suggesting that there 1s

a decreased resistance to infection in iron deficiency.

Davies et al (1984) and Malhotra et al, (1985) showed
hyperactivity of platelets in iron deficiency éhaem{a and
reactivity returned to normal after correction of anaemia,
When anaemia is corrected, performance in tolerance test
is improved and oxygen consumption (V02) returns to almost

normal.

Griesen (1980) and Nutrition News (1986) found that
the haemoglobin level was high in those who received iron
and after the running test, it was found that those who had

lower haemoglobin values ran significantly shorter distance,
I

During very strenous strainful physical workthe
red blood cells become fragile and there is transcient
anaemia that is corrected after two weeks of training

(Yoshimura, 1980).

A study conducted among Cross country runners reve .ated
that when they were not givern {ron tablets, they had =
a likelihood of having reduced iron stores develdping iron

deficiency (Pierce et al, 1985).

11



Basta (1977) and FAO (1977) had identified iron
deficiency anaemia among the possible factors, limiting
work output and physical capacity of male agricultural

and road constructing workers in tropical conditions.

Apart from a reduced circulatory mass of haemoglobin,
iron depletion also leads to reduced muscular performance
due to a reduced concentration of iron containing enzyme

in it (Finch et al, 1976).

‘Work output and productivity have also been shown
to he low among anaemic rubber tappers and tea garden workers
(Basta, (1979), Edgerton, (1979), and this condition could

be corrected with iron administration.

According to Lakhanpal (1976) iron deficiency is a
nutritional disorder where the mean corpuscular haemoglobin
concentration falls below the accepted normal level which
is described as nhypochromic anaemia. The iron deficiency
anaemia is characterised by decreased size of red cells,
reduced serum iron and decreased haemoglobin concentration.
Scot et al, (1982) proposed that in individuals engaging
in moderate fitness type exercise, physiological adaptations
occur so that anaemia is prevented and that iron stores
are maintained at a some what compromised level., It is
thus proposed tha£ adaptation occurs and results in the

maintenance of normal iron and haematological status.

Studies carried out in Indonesia have (Lahcet, 1980)

)
shown a relation between haemoglobin concentration and

productivity in agricultural workers,

R
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A study conducted among women receiving iron brought'
about an improvement in appetite, a sense of well being and

decrease in tiredness and palpitation (Rahmattulah, 1983).

Iron requirement of children are closely related to
growth. The requirements increase during periods of rapid
growth both in preschool and sthool age children (INAQG 1977),
Hall berg et 8l (1984) opined that anaemia had negative

effects on health and well being.

Both well et al (1981) suggested that severe anaemia
during pregnancy can be prevented by either iron supplementation

or by food fortification.

Anaemic patients suffer from fatigueness,irritability
dizziness, palpitation,head ache and breathlessness (Basta
1974), Joseph (1977)'reported that chronic and severe
anaemia results in cardiac failure second io the increased

need of the mus cular man of oxygen.

Hammonds (1987) discusses the effects of iron deficiency
anaemia to be growth retardation, faulty digestion loss
of energy, increase in infection and failure to gain weight.
It is important to find effective and realistic methods to
counter act iron deficency. A study was conducfed among
women with iron deficency anaemia and it was pointed out that
after supplementation of iron there was an increase in
their haemoglobin level and body weight as well as the number

of days worked Rahamathullah (1983).



World Bank reports, that iron supplementation increase
the productivity of employees by 20 percent and has a high

social cost benefit,

The incidence of anaemia in rural and urban communities
of India was reduced by the introduction of salt fortified
with iron according to Nutrition Review reports (1983)

and Vijayalakshmi et al (1986).

A study conducted by levin (1985) indicated that
. fortification of salt with iron showed an increase of about
3g / dl of blood in ﬁaemoglobin over initial values and
a rise in héﬁoglobin by 10 percent is associated with arise

in work output by 10-20 percent.

Rahamathullah (1983) pointed out that among women
receiving iron brought about an improvement in appetite,

'a sense of well being and decrease in tiredness and palpiation.

In some studies, work output increased significantly
following correction of the anaemia by administration of
iron. Prolonged iron deficiency in rats impair work capacity
‘even in the absence of anaemia. This is passibleg due to a
decrease in glycero phosphate dehy drogenase activity in

the skeletal muscle. The abnormatity is rapidly reversed

by iron thera py (Anderson 1970).

C. Supplementation with Iron

Iron deficiency is a world wide problem. Its prevalence
varies among different groups and is relatively high among
children and women. The main cause of iron deficiency in

many population groups is inadequate intake and poor

14



absorption of dietary iron which have a negative effect on
health and well being. It is important to find effective and

realistic methods to counter act the iron deficiency. -

Fortified iron is designed as a long term strategy
for maintaining iron status while requiring no special

behaviour on the part of the recipients (Levin, 1985).

Both well et al (1981) pointed out that severe anaemia
during pregnancy could be prevented by either iron supplementation

or by food fortification.

Rovand et al (1981) found out that even though iron
rich sources such as ggen leafy vegetables are cheaply
available in large quantities in India, they are not widely
included in the daily diet due to the ignorance of the

nutritive value of the locally available food.

The findings coupled with the fact that the diets are
purely vegetarian in nature and provided only non haem iron
would indicate that the availability of iron from these

diets was low (Shah and Sheshaari, 1984) .

A study was conducted among women with iron deficiency
ansemia and it was pointed out that after supplementation
of iron there was an increase in their haemoglobin level
and body weights. They also showed a marked improvement
in work performance as well as in the number of days worked

(Rahamathullah, 1983).

In a study conducted among adult women it was found out
that haemoglobin level of anaemic subjects rose significantly
after iron supplementation. The energy e%penditure had been
reduced after iron supplementation for performing the same

tess tammalabehmi and Selvasundari, 1983).
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A study conducted by Gardner et al, (1979) indicated
that after one month of iron supplementation more tea was

picked when the haemoglobin conceritation was increased

through iron supplementation than when it was not.

Malhotra et al (1978) conclpded that ihspite of possible
ijnteraction with other trace elements additional iron

became available for haemoglobin pynthesise.

Government of India has begun a programme in which

every pregnant women is regularly|given a tablet of iron

and folic acid during the last trimester of preginancy.
This programme is administered through the mater“nal child
health centre and is meant specially for prevention of anaemia

among pregnant women (Mannual of Nutrition, 1982).

An alternative approach to gombat iron deficiency

in the population is through fortification of a suitable

food item with iron. In Industrigl countries these deficiencies
may be caused by an increased use of refined food such as

wheat flour of low extraction or g lower intake of eneigy

due to lower energy expenditure off recent generation which

in turn is often accompanied by a critically low intake of
certain essential nutrients such &s iron (Nutrition Review,

1980).

This is an approach which can be applied to large
population groups at low cost and it has the advantage
that the fortification, identification and co-opera-ion of
actually or . potentially deflciﬁnt individual is not a

’prerequlste according to Baker et al, (1977).
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Since the usual channel of food distribution are used
fortification does not require any special delivery syétem

(Rao, 1982).

To set up an iron fortification programme a suitable-
vehicle to carry iron must be identified and the source
and amount of iron to be added should also be determined

(WHO, 1975).

Iron supplementation can be an effective way of combating
anaemia and help in increasing the work output of population
groups. It was studied that supplementation conserves
energy and the work output is increased after supplementaion
suggesting that anaemia decrease productivity and supplementation
with iron improves work output (Vijayalakshmi and Selvasundari,

1983).

N

Studies conducted by Wenlock et al (1980) assumed that
10 percent of the domestic food intake was wasted on pets

and such a deduction may be too high for large families.

Low intake of dietary intake of irondue to lowered
food intake often seen among the poor further aggravates

iron deficiency among our populations (Rao, 1984).

The type of iron used fof fortification must be
somethirg that is readily assimilated, does not cause
undesirable conditions or change in the vehicle and is
stable ﬁnder locally prevailing storage conditions

(WHO, 1975).
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Feiric Ortho Phosphate has proved to be a more
satisfactory form of iron for fortifying salt and has been
reported to have reasonable absorbability provided, -

ascorbic acid or sodium hydogen phoshphate is added according

to Narasinga Rao, (1977), Vi jayasarathy (1975).

Absorption of ferrous .sulphate and ferric ammonium
citrate is fairly good and this reduced iron is absor:bed

about half as much as most stable salts.

Success in fortification of common salt has been
claimed using a modification of this approach in which
a stabilising agent was added to reduce the reactivity of
the iron andacidifying agent to enhance the availability

of iron at the time of ingestion (Rao, et al, 1980).

Nutrients added to salt should be fully available to
the body where salt is eaten with food as to derive full
nutritional benefits from fortification. Salt conségtion
in India varies within the range of 12 to 20 g with a mean

of 15g/day for adult males with moderate activity.

Ssalts have been fortified in the following manner -
3,5 mg/kg of ferrous sulphate, orthophosphoric acid 3.5
mg/g and sodiumacid sulphate 5.0 mg/g. 1In this formula

ferrous sulphate provided 1 mg/of iron/g of Salt, (Rao, 1985) .

Nadiger et al (1980) found an increase in the mean
l1evels of both haemocglobin and packed cell volume at the

end of one year of supplementation with fortified salt.

studies conducted by Amne and Hegsted (1974) point out

that ferrous sulphate is best absorbed.



Nadiger et al (1980) emphasised that ferrous sulphate
is so highly bio available and cheap and it coulcd be the

yvardstitk against which preparations are tested.

Iron absorption would be higher in women and anaemic

sub jects who need higher amounts (Narasinga Rao, 1978).

Studies conducted by Romano et al (1979) indicated
that the mean absorption from ferrous sulphate varies
from 2 to 30 percent according to food vehicle mixed with
the salt, the absorp’ton from ferric ethylen:e diamine

trichlore acetic acid remains practically the same,

All these data suggest that only a small amount of
iron, about 10 m§ daily, would be necessary to prevent iron
deficiency anaemia even in those populations relying for

their subsistence on vegetable food only.

Fortification of salt with iron : has been accepted
by the Government as & public health approach to reduce
prevalence of ansemia. The iron fortified salt is now
being introduced on a pilot scale in two districts of Tamil

Nadu through public distribution-system (Rao, 1987).

The ideal vehicle should be consumed by the vast

ma jority of the target population in adequate amounts. They

should be stable in colour and tasteand must be well absorbed

~when mixed with the vehicle and when the vehicle is added

to the diet (Cook and Reusen, 1983).

Of the several dietary factors which influence iron

absorption from the pool of non haem iron, tannins markedly

19

decrease it, (Disler et al, 1978) while ascorbic acid increase it.
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A study conducted by Murthy et al (1985) indicated
that the addition of meat extract to rice and red gram dhal
or ascorbic acid to bajra or ragi increased the available -
iron content of food. Tannins, phytic acid or ethylene
ciiamiﬁe Tetra acetic acid added to food .decreased the

available ircn content (Cumming, 1978).

Ferric ethylene diamine tri chloro acetic acid
(EDTA) is claimed to be an excellent fortification compound
partly because factors inhibiting to iron, ferrous salt
absorption in cereals are not as inh;bitory to ferric
ethylene diamine trichloro acetic acid absorption (Both well,

1981).

The final identifiable cost for both supplementation
and fortification is related to the higher energy needs
for anaemic peréons engaged in strenous activities or has
been found that 10 percent increase in work output demands
an additional daily energy requirement of 160 calories

(Levin 1985).

D. Factors Affecting Absorption of Iron

Factors that affect the availability of dietary iron
for absorption has been studied extensively. Impaired
{ron absorption resulting from high intake of various anti-
nutrients such as phytates, dietary fibre and tannins and
low intake of fleshy foods has been proposed as the cause

of this inadequate iron status (Rao and Prabavathy, 1982).

-

Absorption of iron is inhibited by the presence of phosphate

(Mousen and Cooke, Peter et &l 1976, Levin, 1985).
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Bowering, Masch and Lewis (1977) report that increasing

_the levels of dietary fat and changing to a more saturated

fat source increase iron absorption in rats.

Disorders in metabolism of iron have been reported
in vitamin A deficiency. It decreases haemoglobin and
packed cell volume which have ohserved in human, rats, and

horses (Meija et al 1979) and Hodges & Canham et al, 1978).

It is pointed out that the low absorption of iron
observed from cereals and legumes is due to their high
content of phytate and polyphenols (Cook et al, 1981,

Morris et al, 1976, Hazel et al, 1987) .

Fibre has little effect on non-heam iron absorption
(Gelloidy et al, 1984). It is studied that there is no
relationship between haemoglobin concentration and iron

absorption (Fair-Weather et al, 1983, Trinided et al, 1980).

Ethylene diamine tetra acetic acid which is used as
a food preservative causes a 50% reduction in the absorption

of non-haem iron.

Several papers have presented evidence that transferrin
and ferritin are the regulators of intestinal uptake and
transfer of iron, The high iron diet appeared to suppress
the total iron transported while the low diet enhances it.
Anaemia is usually accompanied by hyoolipidemia and a low

Hlood viscosity.

Experimentally induced riboflavin deficiency in man
and animals is associated with a number of physiological
and biochemical lesions notably with an interference in

iron metabolism and an impaired production of erythrocytes

amorrmh



Studies conducted by Galon et al (1986) point out that
there is a direct relationship between anaemia, iron and
folacin deficiency, haemoglobinopathies and parastic

infection.

Coffee inhibits iron absorption (Hallberg and Rossander,
1982, and Morch et al, 1983) probably mainly due to its
contents of tannin, but the inbibition is less marked than

that of tea (Hallberg and Rosander, 1982 and Ikawa et al 1987).

Soya protein products have been shown to diminish the
fraction of non-hame absorbed from a meal (Cook, Morch
and Lynch, 1981). This inhibition can be counteracted by

the addition of ascorbic acid.

Derman et al (1980)have suggested that the molar ratio
of iron and sscorbic acid in a meal has a determing influence
on the absorption effect of ascorbic acid. The addition
of ascorbic acid and foods rich in ascorbic acid can then
be expected to increase iron absorption markedly and may
be considered a realistic alternative to iron fortification

as proved by Hallberg and Rossander, 1984).

Cox and Peter (1980) indicate that iron deficiency
reversibly induces brush border iron carriers and suggest
that in man initial entry into the erythrocytes rather than
cellular relation of iron is a major regulatory step in control

of iron absorpticn.

A block has been noted in the reversible microcytic hypo
chromic anaemia due to aluminiu, intoxication by tri valent
aluminium acquired from haemodialysis water, (shoft wenney

and Rohsow 1980).



Problems of anaemia caused by a low iron diet can be
solved by increasing the dietary iron intake in different

affluent societies (Ruby Das 1987).

Sweat losses of iron have been noted among population,
living in hot climate and in atheletes engaged in endurance

sports with excessive training over a long period of time

(Brene et al 1986).

Wheat bran has been shown to inhibit non-haem iron
absorption, (Simpson et al, 1981). Phosphate salts in
the presence of sufficient calcium have been shown to
promote non-hame iron absorption (Miller et al, 1981, Levin,

1985),

The reason why man can absorb the heme in meak
products so well and the iron in grain products so poorly
i{s not known, but may relate in part atleast to the fact
that it is only comparitively recently in evolutionary
terms that he has abandoned his hunting gathered life style
in favour of a more settled agricultural existence.
(Thomas, Bothwell, Rober} 1984).

Study conducted by Skinner et al (1985) showed that
iron in snacks was mostly non-hame iron and amount of
enhancing factors were low., Adolescents consume one-third
of their calories asm§nacks jusfiying their poor nutritional

status of iron.
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III EXPERIMENTAL PROCEDURE

The experimental procedure pertaining to the present
investigation on anaemia, work output and Impact of Iron e
Fortified Salt Supplementation on adult women is presented
under the following headings
A, Selection of Area

Selection of Subjects

Assessment of Nutritional Status of Subjects

Determination of Work Efficiency of Subjects

Supplementation With Iron Fortified Salt -

' M.UO w

. Evaluation of the Effectiveness of the Supplementation.

A. Selection of Area

Ramanathapuram, a village near Thudiyalur in Coimbatore
Direct was selected for conducting the research work. This
village was chosen as there were adequate number of anaemic
and non-anaemic women available and a good rapport had already
been established through constant contact with the village

pecple. The subjects also were very co-operative.

B. Selection of the Subjects

There were 78 families living in Ramanathapuram village
and the adult female population of the village was 429, Based
on their haemoglobin values and body weight 54 adult women
were chosen for the study in the age group of 20-39 years
and all of them Qere doing moderate work. They were divided
into three groups of eighteen women each having approximately
equal body weight. The details of the groups thus selected

were as follows
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GROUP I

Group I constituted the experimental group with eighteen
adult women. All the eighteen women were anaemic with
haemoglobin levels below 9g/100ml of blood. This group
of women were selected for supplementing the iron fortified
s3alt. This group will be referred as anaemic beneficiary

groupe.
GROUP II

- A second group of eighteen adult women who were anaemic
with haemoglobin levels below 9g/100ml of blood
served as the anaemic non-beneficary group. They did not

receive any supplement,
GROUP III

Group III constituted the non-anaemic control group
with eighteen adult women who were normal and healthy with

haemoglobin levels above 11g/100 ml of blood. '

C. Assessment of Nutritional Status of the Sub ject

The overall nutritional status of all the fifty four
adult women were assessed through anthropometric measurements,

-clinical examination, biochemical changes and diet survey.

1. Anthropometric measurements

The two reliable measurements namely weéight and height

. were used for evaluation.
The weight of all the selected adult women were taken
in the morning after bowel movement and before breakfast,

using a spring balance,



The accuracy of the balance was periodically checked with

standard weights., Weight was recorded nearest to 0.5 Kg.

The heights were measured using a fibre glass tape

fixed to the wall, and read to the nearest 0.5 cm.

2., Clinical examination

All the subjects were clinically examined for the presence
of any symptoms of iron deficiency or any other deficiency
symptoms. A proforma was prepared and used for the examination.
Clinical examination was conducted before and after the
supplementation period of one hundred any twenty days. The

details of the proforma are given in Appendix v,

3. Biochemical examination

The biochemical examination was done through the analysis
of blood. The blood was analysed for haemoglobin, serum
jron, total iron binding capacity and packed cell volume,
Haemoglobin was analysed using cyanmethaemoglobin method

of Varley (1981).

The serum iron and the total iron binding capacity

were analysed using of £ Dipyridyl method of Ramsay (1958).

Packed Cell volume was estimated using wintrcbe macro
method of Henry (1986). The details of the procedures

followed are given in Appendix IIL

4, Diet Survey

The food habits of the population groups sare the key
causative factors of deficiency diseases. Hence, to evaluate

the dietary practices of the subjects a one day food weighment

survey was conducted at the beginning of the study.

R6
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The diet survey was conducted on a sub-sample of ten sub jects

from each group,

The raw food items were weighed individually before
cooking. After the food was cooked the total cooked food
was welghed and weight recorded., Then the sub jects were
requested to consume the food. After consumption the
quantity of food that is left unconsumed was also weighed
and subtracted from the total cooked weight of the food to

know the exact amount consumed by the sub jects.

From this method, the quantity of food consumed by the
individual was calculﬁted. The raw ingredients consumed were
then computed from the quantities of cooked food. The
nutrients consumed by the individual in dailydiet calculated
using the Nutritive value of Indian Foods (ICMR, 1984),
Individual food consumption pattern of both male and female

anaemic and non-anaemic groups are giveﬁ in Appendix IV,

D. Determination of work efficiency of the sub jects

Determination of work efficiency of the subjects was
done through two activitiesvnamely washing clothes
and cutting wood. All the subjects in the group I (anaemic
beneficiary) group II (anaemic non-beneficiary) and group IIT
(non anaemic control) were requested to perform the activities
continously for a period of 10 minutes., The blood pressure
and pulse rate wefe recorded before and after performing
the activities., Two tests namely Harvard step test and
Cooper's test were also used for evaluating the work

efficiency of the subijects,



1. Recording pulse rate and blood pressure of the subjects

during the two activities (Auscultatory methods) .

-

The instrument is kept at the level of the heart and
the cuff is tied around the upper arm. Pressure is raised
to 200 mm Hg and then gradually released. variations of
sounds are heard with a stethoscope placing its chest piece
on the brachial artery, a little below the cuff, The sounds

are heard due to occurence of turbulance in the flow of

blood through the narrowed blood vessels, when the manometric

pressure just coincides with the systolic blood pressﬁre.
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Due to gaining air pressure<in the cuff, the vessel
is pressed and blood flow obliterated., But while releasing
the air pressure gradually, blood just begins to fl;w
through the narrowed blood vessels and the pattern of flow
is changed from stream line flow (silent) to turbulent
flow (noisy). When the pressure is further released
normal stream line flow sets in and the sound is no longer
heard, At this péint manometric pressure coincides with
the diastolic pressure so as the pressure is released, the
following variations of sounds are heard, First phase-sudden
appearance of a clear tapping sound. This indicates systolic
pressure, It persists while the pressure falls through
15mm Hg. Second phase - the tap sound is replaced by
a murmur persisting after another 1%mm Hg. Third phase
the murmur is replaced by a clear loud gong sound lasting
for the next 20 mm Hg. Fourth phase - the loud sound
suddenly becomes muffled and rapidly begins to fade. This
point indicates diastolic pressure. Fifth phase - absense of

all sounds,

2. Harvard step test

Harvard step test was conducted on all, the three groups
of subjects Harvard step test is done to find out the heart
recovery rate using the procedure suggested by Barry and
Nelson (1968). The subject stands before the bench and
on command begins to step up the Bench with one foot first
and then the next. Now both her feet are on the bench and

then she steps down with one foot followed by the next foot.



Two steps éown and two steps up denotes one count.

Counting is continued till 90 counts are reached. This
under normal conditions consumed a period of three minutes;'
The body should be erect when she steps on to- the bench.
There is no regulation regarding which foot the subject |

should puf forth first.

The subject continues to exXercise for three minutes
unless the feels that she must stop before the specified
time because of exhaustion. As soon as she stops exercising
she sits down and remains seated and quiet throughout the

pulse counts.

The pulse rate is felt at the carotid artery and is
counted from half to one minute after exercise. The same
procedure the Harvard step test. The time is noted and

pulse is counted for thirty seconds. -

SCORING

Number of seconds completed X 100

Recovery pulse X 5.6

5.6 is a constant value,

3. Cooper's Test

Cooper's test was conducted on all the subject in three

groups.

The procedure adopted is presented in the following
paragraphs:-

Coopar suggested that a specific course be measured
in distance so that the number of laps completed can be
counted and multiplied by the course into gquarters or

eights by placing markers,
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This enables-the tester to quickly determiné the exact
distance covered in nine minudtes. A stop watch, whistle

and distance marker are needed for group testing. ' ’

It is usually most efficient to assign each runner
to a spotter. The runners start behind a line and upon the
starting signal run and/or walk as many laps as possible |
around the course within nine minutes, The spotters
maintain a count of each lap and when the signal to stop
is given, they immediately run to she spot at which their
runners were at the instant, the whistle on command to

stop was given.

The score in yards is determined by myltiplying the
number of complete laps times, the distance of each lap
plus the nurber of segments of an incomplete lap, plus the

number of yards stepped off between a particular segment.

E. Supplementation with Iron fortified salt

As cooking salt is used by all the families and as iron
fortifled salt was available iron supplementation was done
by distributing the iron fortified salt to all the families
of the anaemic subjects belonging to group I. Iron fortified
salt was obtained free from Sundar Chemicals, Madras. According
to Indian Consumption pattern, 12-15 g of table salt is
consumed by each individual (Franh, 1962). Accordingly
the subjects in the present study consumed 15-17g of iron
fortified salt per day. One gram of fortified salt provided
1 mg of iron and the fortified salt did not have any change

in taste and colour and was similar to the unfortified salt.
1



About 6 kg of salt was provided to each family and the
families were instructed to use only the iron fortified

salt for all cooking and as table salt. Six kilo gram

of salt was distributed as per the studies made by

vi jayalakshmi et al, (1987), who have indicated that 6kg
would last for a period of approximately three months.

So through iron fortified salt alone, the individual aconsumed

15 to 17 milligrams of iron per day.

Evaluation adds the ingredient of a value of judgement
of a programme and it includes a recommendation for some

course of action (Best, 1978).

At the end of 120 days of iron supplementation for the
anaemic beneficiary group the improvements with reference
to any changes in the work efficiency of all the sub jects .
in the threé groups were evaluated, by subjecting them to
the activities namely washing the clothes and cutting
wood for the specified time. They were also made

to_undertake the Harvard step test and Cooper's test again.

The blood pressure and pulse rate were recorded after
supllmentation. The haemoglobin, serum iron, total iron
binding capacity and packed cell volume were also estiméted
at the end of the 120 days of supplementation. The improvement
shown in the bléod pressure, pulse rate and the blood

picture were analysed and discussed.
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IV RESULTS AND DISCUSSION

The results and discussions pertaining to the study

on, "Anaemia work output and impact of iron fortified salt

supplementation among adult women", are presented under the

following headings.

A,
B.
c.

D.

Mean food and nutrient intake of the selected subjects.
Mean height and weight of the selected subjects.
Clinical examination. |
Biochemical picture of the ééieCted‘subjécts.

1. Mean haemoglobin levels

2. Mean serum iron levels

3, Total iron binding capacity and packed cell volume.
Blood pressure and pulse rate after selected activities
Work output as judged by Harvard step test.

Work output as judged by Cooper's test.

MEAN FOOD AND NUTRIENT INTAKE OF THE SELECTED SUBJECTS

Table I shows the mean food intake and the percentage

deficits of foods of the selected subjects. The individual

values are presented in Appendix V.



TABLE I

MEAN FOOD INTAKE AND PERCENTAGE DEFICIT OF SUBJECTS IN THE THREE GROUPS

Pul- Green Other Roots Fats Sugar Meat
Cereals ses Leafy Vege~ and Fruits Milk and and and Eqgg
Sub jects vege- tables Tubers Oils Haggery Fish
tables
g g g g g g g g g g
ANAEMIC A.I 236 39 39 53 25 0 85 18 13 0 .0
BENE~"

FICIARY P.D 33 29 69 23 67 ) 15 55 57 o) 0
ANAEMIC A.T 248 34 22 47 38 0 85 9 13 0 0
NON BENE-

FICIARY P.D 29 38 81 37 49 s 15 - 78 57 0 0
NON

ANAEMIC A.I 360 40 52 68 53 0 148 22 17 6 10

P.D 27 58 9 29 0 - 45 43 80 67
' - ~
FOOD
ALLOWANCES
1985 350 55 125 75 75 30 100 40 30 30 30
A,I - Actual Intake
P.D -~ Percentage Deficit o

S%
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From Table I it is evident that except for‘cereal
consumption by the non-anaemic subjects in Group III the
intake of all the other foods were inadequate for the subjééts
in the three different groups. The intake of fruits was nil
for all the three groups. The percentage deficit ranged
from 15 to 69 percent among the anaemic beneficiary group:

15 to 78 percent for the anaemic non-beneficiary group

and 9 to 80 percent for the non-anaemic group.

Mean Nutrient Intake of The Selected Subjects

Table II shows the mean nutrient intake and the percentage
deficit of nutrients of the selected subjects. The individual

values are presented in Appendix VI



TABLE II

MEAN NUTRIENT INTAKE OF SUBJECTS

Details Energy Protein Calcium Iron Retinol Thiamine Fibo Niacin Vitamin
of k.cal Flavin C
Sub jects g mg mg ug mg mg mg mg
Anaemic A.I 206p 27 411 24 694 p 1.21 1.0 10 35

Bene- ‘
ficiary P.D 6 40 Nil 20 7.5 Nil 1.6 13 30
Anaemic A,I 2040 32 440 25 694 1.00 1.0 11 35
Non Bene-
ficiary P.D 7 29 Nil 17 7.5 9.09 1.3 27 30
Non- A.,I 2100 43 474 31 723 1.21 1.1 12 39
Anaemic P.D 5 4 Nil Nil .5 Nil 1.0 20 22
RDA 2200 45 400 to 30 750 1.10 1.2 15 50
(1985) 500

A, I -~ Actual Intake

P.D -~ Percentage Deficit

L%



Table II indica£es that the intake of protein, iron, ribo-
flavin, niacin and ascorbic acid were very much deficient in the
case of anaemic (beneficiary) and anaemic (non-beneficiary)
when compared with the Recommended Dietary Allowances of
nutrients by ICMR (1985). The deficiency was not much in the
case of non-anaemic subjects. When the percentage deficits
were calculated it indicated a greater deficit in the case of
protein, iron, niacin and vitamin C, which probably aggregated

the anaemic condition in the subjects.

The percentage deficit of protein was 40, 32 and 4 percent
in the case of anaemic beneficiary, anaemic non-beneficiary
and non-anaemic subjects. The percentage deficit of iron
was 20, vitamin C 30 percent and niacin 33 percent for the
anaemic béneficiary group. The percentage deficits of these
nutrie%ts were low for the anaemic non-beneficary group also.

But the deficit was not much in the case of non-ansemic sub jects.

Such low intakes of essential nutrients are responsible
for the incidence of anaemis in the anaemic sub jects.* Such poor
_intakes have been observed by Rao (1987) and Vi jayalakshmi et al

(1987) also.

B. Mean heights and weights of the selected subijects:

Table III presents the mean body heights and weights of
anaemic beneficiary, anaemic non-beneficiary and non-anaemic sub jects. .

The individual values are given in Appendix VI.



TABLE IIT

MEAN HETGHTS AND WEIGHTS OF THE SUBJECTS

SUBJECTS HEIGHT WEIGHT

in cm . in kg.
ANAEMIC BENEFICIARY 157 + 2.12 44 + 2.69
ANAEMIC NON-BENEFICIARY 159 + 2.89 47 + 3.41
NON-ANAEMIC 160 + 2,68 48 + 2.30

ICMR (1984)

!
N
wn

The anaemic beneficiary subjects had recorded a height
of 157 cms while the anaemic¢ non-~-beneficiary sub jects recorded
a height of 159 cms and the non-anaemic sub jects had recorded

160 cms.

The mean weight of the an3emic beneficiary subjects
was 44 Kg, that of anaemic non-beneficiaries 47 Kg, and that
vdf non-anaemic subjects 48 Kg. ICMR (1984) suggests a value
of 45 Kg for a reference Woman and all the subjects in the

present study have registered values slightly higher or lower

than the suggested values.

C. RESULTS OF CLINICAL EXAMINATION

Table IV gives the clinical assessment data of the subjects

in the three different groups at the start of the study. The

individual values are presented in Appendix VII,

%9



TABLE IV

CLINICAL ASSLESSMENT OF SELECTED SUBJECTS

Anaemic (beneficiary) Anaemic (Non-Beneficiary) Non-Anaemic
Signs and e e e e e e Y e Y e M
Symptoms
No percent No Percent No Percent
Poor musculature 7 35 7 35 Nil Nil
Deficient Sub-
cutancous fat 9 45 2 10 Nil Nil
Anaemic Mild 8 40 12 60 Nil Nil
Anaemic Severe 12 60 8 40 Nil = Nil
Red/Raw/Glazed
tongue Nil Nil 1 5 Nil Nil
Bleeding of gums Nil Nil 3 15 2 10
Angular Stomatitis Nil Nil 2 10 1 5
Dry/Rough skin 7 35 2 10 3 15

otr



The results of the clinical examination showed that a
majority of the cases (35 percent in anaemic beneficiary and
anaemic non-beneficiary group) had poor musculature while
only five percent of the non-anaemic group had poot musculature,
Forty five percent of the anaemic beneficiary subjects, 10
percent from the anaemic non-beneficiary subjects and no one
from non-anaemic group had deficient subcutaneous fat

deposition.

2ll the subjects in the anaemic beneficiary and anaemic
non-beneficiary group suffered from anaemia and out of this
60 percent of the beneficiary group was suffering from severe
anaemia and 40 percent from the anaemic non-beneficiary group
was suffering from severe araemioc. Clinical examination also
revealed evidence of B-comrlex and vitamin C deficiency in the
form of red raw tongue andtbleeding gums among the anaemic
non-beneficiary and non-ansemic subjects, ten to thirty five,
percent of the subjects in the three diffgrent groups had dry

and rough skin.

D. Biochemical Picture Of The Selected Subjects

1. Mean Haemoglobin Levels

Table V depicts the mean haemoglobin levels and serum
iron levels of the anaemic beneficiary, anaemic non-beneficiary
and non-anaemic sub jects. The individual values are given in
Appendix - VIII. The méan leveis of haemoglobin are diagramatically

represented in figure 2.
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TABLE V

MEAN HAEMOGLOBIN AND SERUM IRON LEVELS OF

SUBJECTS IN THE THREE GROUPS

Y e e om”
ANAEMIC BENEFICIARY B.S 8.23 + 28 58.9 + 7.27
A.S 11.68 + 0,42 90.5 + 8.43
ANAEMIC (NON-
BENEFICIARY) 9.10 + 0.83 70.2 + 8.38
NON-ANAEMIC , 12,14 + 0,72 , 105.8 + 6.74
WHO 11,00 60

B.S. Before Supplementation

A.S, After supplementation.

Table V shows that the anaemic beneficiaries had recorded a
mean haemoglobin level of 8.23 g/100 ml before the start of the
iron fortified salt supplementation. For the same subjects‘the
haemoglobin levels were estimated again after the supplementation
period was over and at that time the mean value was 11,68g/100 ml.
The anaemic non-beneficiaries had recorded 9.1g/100 ml and the
non-anaemic sub jects had recorded a value of 12,14g/100 ml. WHO
suggests a value of 1lg as the demarking point between anaemic
ana non-anaemic subjects. As judged by this value the anaemic
sub jects who were supplemented with iron fortified salt had
actually become non-anaemic at the endof the study by registereing

a value of 11,68g/100 ml,
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There was an increase of 3.46g/100 ml in the haemoglobin
levels of anaemic beneficiary group. These results indicate
the beneficiary effects of supplementation of iron in
the long run. These results are in line with the results of
Rahamatullah (1983) and Rao (1985) who are of the view

that salt supplementaticn is beneficial,

The mean serum iron level of anaemic beneficiary before
suppiementation was 58.9Hg/ml. However at the end of the
supplementation period they had recorded a mean value of
90,5mg/100 ml. Varley (1980) reports that a value of 60mg/
100ml may be considered as acceptable levels of serum fron-
for adult females. In the present study initially the aneemic
beneficiaries had recorded values lower than 60 and due to thé
beneficial effects of the supplementation the values had

increased to 90.5mg/100 ml at the end of the study.

Anaemic non-beneficiaries had recorded a serum iron
of 70.2mg/100 ml and the non anaemic subjects had recorded
105.8 mg/108ml and both the values were above the acceptable

levels suggested by Varley (1980}

The poor iron status of the anaemic subjects is probably
due to the inadequate intake of nutrients and low or no
intake of fle.shy focds as stated by Rao and Prabhavathy

(1982),

On supplementation with iron fortified salt there-'was_
a significant increase in the serum iron from a ievél
of 58.9 Mg/100 ml to 90.5Mg/100ml with an increase
amounting to 31.6Mg/100ml. This increase in serum iron
level in the anaemic beneficiary group'points out the
effectiveness of supplementation of iron through‘salt. This

view is endorsed by Dahlan (1984).



Table VI presents the paéked cell volume and ‘the total
non binding capacity of the subjects., The individual values
are given in the Appendix IX

TABLE VI i
MEAN PACKED CELL VOLUME AND TOTAL IRON BINDING

CAPACITY OF THE SUBJECTS

SUBJECTSF PACigEUEELL TOTAéAg§g¥T31NDING
Anaemic B.S. 24.6 + 1.24 379.3 + 50.34
A.Z. 33.8 + 1.84 295,5 + 28.15
Anaemic non-
beneficiary 27.5 + 2.40 343.5 + 33.32
Non Anaemic 35.5 + 1.84 291.7 + 15
Varley (1980 34 300

B.S. Before Supplementation

A.S. After Supplementation.
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The packed cell volume values recorded by the anaemic
beneficiaries was 24.6 before supplementation and after
supplementation neriod the value had increased to 33.8.

The anaemic non-beneficiaries had recorded a value of 27.5,

and the non-anaemic sub jects had recofdéd a packed cell

volume of 35.5. The value recorded by the non-anaemic group.
can be considered as normal, since Varley (1980) has recommended
a value between 34§ and 47 as normal. After the supplementation
period the anaemic beneficiary group had recorded a value

of 33.8, which lies close to the normal value. Supplementation
had enhanced the packed cell volume in the anaemic beneficiary

sub jects. Similar results have been obtained by Nadiger (1980).

Disorders in metabolism of iron have been reported in
vitamin A deficiency, when there is a reduction in
haemoglobin and packed cell volume in Man (Canham and Hodges,

1979).

The total iron binding capacity of the anaemic
beneficiaries before supplementation was 379.2 and the values
recorded after supplementation for total iron binding
capacity was 292.,1, The anaemic non-beneficiaries had
recorded a value of 343.5 and the non-anaemic sub jects
had recorded 291.,7. Low intake of dietary iron due to
the lowered food intake often seen among the poor
population érbups further aggravates iron defic{ency

(Rao, 1984).
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In anaemic there in an increase in the total iron
binding capacity as seen among the anaemic groups with a
value of 379.1 ng. But after iron supplementation the value
recorded was 293,5 which is close to the value stated by varley

(1980) as 300 ng/100 ml,

E. BLOOD PRES3URE AND PULSE RATE AFTER SELECTED ACTIVITIES

The anaemic ben<ficiary group, the anaemic non
beneficiary group and the non anaemic group were sub jected
to a study of their work efficiency is cutting wood and

washing clothes.

Table VII represents the mean blood pressure and pulse
rate of the three groups before and after the specific
activity namely washing clothes. Individual values for
all the subjects in the three groups are given in
Appendix X. The differenées in pulse rate are shown

in fiqure 3,
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TABLE VIT

MEAN BLOOD PRESSHRE AND PULSE RATE OF THE THREE GROUPS WHILE WASHING CLOTHES

Anaemic
(Beneficiary)

Anaemic-Non-
Beneficiary

Non-Anaemic

@
Pulse rate Blood Pressure
Before After Before After
Activity Activity Activity Activity
B.S 80 + 2.07 104 + 2,40 117/78 +°2.14 121/81 + 1509
_ + 2,10 + 1.80
A.S 72 + 1.88 81 + 2,70 118/79 + 1.84 120/81 + 1.17
+ 1.70 + 1.34
81 + 2.23 102 + 1.99 188/80'+ 2.05 121/81 +1,70
+ 2,07 + 1.71
70 + 0.98 81 + 1.46 177/79 + 1.95 120/81 + 0.99
+3.80 + 2.89
B.S Before Supplementation
A.S After Supplementation

b¥



From Table VII it is obvious that for all the subjects
in the three different groups, the pulse rate had increased
after the activity namely washing clothes, irrespective of
whether they were anaemic or non-anaemic. However the rate
0f increase was much less in the non-anaemic group. The
anaemic non-beneficiary group and the anzemic beneficiary
group before supplementation had marked increase in pulse
rate after washing the clothes indicating that they had to
exert more to carry out the same activity than their counterparts
in the non-anaemic group. The anaemic group after
supplementation, however recorded values which were
similar to the non-anaemic group indirectly showing the

beneficial effects of supplementation.

Wang et al (1986), endorses this finding through hi§
statement that, "in anaemic condition there is a decrease
in work efficiency which is reversed by supplementatipn
of iron" work output and p;oductivity have also been shown
to be low among anaemic rubber tappers and tea garden
workers (Basta 1979), and Edgerton (1979) and this conditon

could be corrected with iron administration.

The blood pressure levels of the subjects in the three
different groups did not show any significant variation
before and &fter supplementation and before and after
activity.

Table VIII presents the mean blood pressure and pulse

rate of the subjects while cutting wood.



TABLE VIII

MEAN PULSE RATE AND BLOOD PRESSURE OF THE THREE GROUPS WHILE.

CUTTING WOOD

ANAEMIC
Beneficiary B.S 81 + 2.80 103 + 2,34 117/78 +2.44
, + 2.83
A.S 72 + 1.69 81 + 1,95 118/79 + 1.63
+ 1.99
Anaemic non-beneficiary 82 + 2.13 104 + 2,29 - 118/80 +2.07
- + 2,07
Non Anaemic 71 + 1.42 81 + 1.78 118/79+_2.05
+ 2,70

B.S ~ Before supplementation .

A,S - After supplementation

120/80+ 1,37
+ 1.37

120/80 +1.37
+ 1.37

121/80 + 1,37
+ 1,75

120/80 + 0.73
+ 0.87
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Table VIII indicates that for the second activity of
cutting wood, the pulse rate had incréased at the end
of the activity for all the three groups. But, the rate of
increase was less in the case of non-anaemic group and after
supplementation for the anaemic beneficiary group. For the
anaemic non-beneficiary group and anaemic beneficiary group
before supplementation the rate of increase in pulse rate was
more after doing the activity indicating the same fact that they
had to exert more to carryout the same activity than their
counterparts in the non anaemic group and anaemic beneficiary

group after supplementation.

The blood pressure levels of the subjects in the three
di fferent groups did not show any significant variation after

the activity.

F. WORK OUTPUT AS JUDGED BY HARVARD STEP TEST

\

Table IX presents the mean recovery pulse rate.and
cardiovascular efficiency as judged by Harvard step test.

The individual values are given in Appendix XI,



TABLE IX

PULSE RATE AND CARDIOVASCULAR EFFICIENCY AS JUDGED BY HARVARD STEP TEST

. . Pulse rate at 30 sec Cardiovascular efficiency
Details of Subjects recovery Sscores
Anaemic Beneficiary 45 + 5.21 64 + 6,04
Anaemic Non-beneficiary 50 + 4.63 . 62 + 6,38
Non=-Anaemic 48 + 2,99 59 + 4.79

—



The mean cardiovascular efficiency scores of the
anaemic subjects was 64 after activity ; that éf anaemic
non-beneficiaries was 62 and the non-anaemic subjects
recorded a score of 59. Johnson and Nelson (1968) have
reported on cardiovascular efficiency scores.,. They have
indicated that a score hetween 49-~59 can be considered as
good; 60-70 very good and 71-80 excellent. In the present
study according to this criteria non-anaemic sub jects will
fall in the category of good and the anaemic beneficiary
group and anaemic non-beneficiary group will be

considered as very good.

In the Harvard step test when the pulse rate at 30
seconds recovery was conducted the pulse rate was in
the range of 49, 50 and 48 for the anaemic beneficiary,
anaemic non-beneficiary and non-anaemic sub jects.
According to Johnson and Nelson values below 60 is considered
good. All the three groups show a level below 60,

irrespective of supplementation.

Tsble X highlights the mean distance covered in cooper's

test. Individual values are given in Appendix XII.

MEAN DISTANCE COVERED IN COOPER'S TEST

Details of Subjects Mean distance covered in metres
Anaemic (beneficiary) 160 + 7.94
Anaemic (non-beneficiary) 159 + 5.06

Non-Anaemic 168 + 7.98



In the present study the anaemic beneficiaries had
coveres 160 metres in 9 minutes while the anaemic non-
beneficiary sub jects had covered 159 metres and non anaemic
sub jects had covered 168 metres in the specified time.

In the cooper's test the non-anaemic subjects had performed
much better than the anammic subijects. The anaemic beneficiary
sub jects had performed slightly better than the anaemic

non beneficiary subjecté indicationg probably the beneficial

effects of supplementation.

Wh;n the coopers test was conducted on the three groups
the distance co;ered by the three groups were in the range
of 160, 159 and 168 indicating the significant increase
in the work performance and physical capacity of the anaemic
beneficiary group. These findings are supported by levin
(1§85) and Gardner et al (1979) that work capacity increases

after supplementation of iron.

Gresen (1980) and Nutrifen News (1986) found that the
haemoglobin level was high in those who received iron and
after the running test, it was found that those who had

lower haemoglobin valdes nNan significantly shorter distances.,.



Summary and Counclusion



V. SUMMARY AND CONCLUSION

The present investigation on "Anaemia, Work output IR
and Impact of Iron Fortified salt supplementation on Adult
Women" was conducted to identify anaemic adult women and to
study the impact of supplementation of iron fortified salt
on these adult women with reference to their biochemical

picture and work output.

A village namely Ramanathapuram near Thudiyalur in
Coimbatore was selected for the study. Based on the
haemoglobin values and body weigﬁt fifty four adult women

V' were chosen for the study in the age group of 20 to 39 years,
doing moderate work. They were divided into three groups
of eighteen women each. Group I constituted the experimental
group with eighteen adult women, who were anaemic and this
,group was supplemented with iron fortified salt. The second
group of eighteen anaemic subjects constituted the anaemic
non-beneficiary group. A third group df eighteen adult women

who were non-anaemic served as. the control group.

The overall nutritional status of all the fifty four
adult women were assessed through height weight measurements
clinical examination, biochemical changes and dietary survey.
The work efficiency of the subiects were evaluated through
two activities namely washing clothes and cutting wood.

The pulse rate andb blood pressure were studied before
and after the activity, before and after supplementation.
Two other tests namely Harvard step test and cooper's test

were also conducted on all the
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three groups of subjects and the work efficiency was

evaluated,
The results revealed that:

1. Except fq; cergal cqnsumption by the non-anaemic subjects
in Group III, the intake of all the other foods were inadequate
for the subjects in all the three groups. The percentage
deficit ranged from 15 to 69 percent among anaemic beneficiary:;
15 to 78 percent for the anaemic non-beneficiary and 9 to 80

percent for the non-anaemic group.

2. Thevintake of protein, iron, riboflavin, niacin and
ascorbic acid were very much deficient in the case of anaemic
beneficiary and anaemic non-beneficiary when compared with the
Recommended Dietary Allowances of nutrients by ICMR (198%).

The deficiency was not much in the case of non-anaemic subjects.
The percentage deficit of protein was 40, 32 and 4 percent for
the anaemic beneficiary, anaemic non-beneficiary andn non-anaemic
sub jects., The percentage deficit of iron was 20, vitamin C 30,
. and niacin 33 percent for the anaemic beneficiary group. The
peréentage deficit of these nutrients were low for the anaemic
non-beneficiary and very much low in the case of non-anaemic

sub jects.

3. The anaemic beneficiary subjects had recorded a height
of 157 cms while the anaemic non—beneficiéry sub jects had
recorded a height of 159 cms and non-anaemic subjects recorded

160 cms.



4, The mean weight of the anemic beneficiary subjects
was 44 kg that of anaemic non-beneficiaries 47 kg and that

of non-anaemic subjects 48 kg.

5. Thirty five percent of the anaemic beneficiary and

anaemic non-beneficiary had poor musculature while only five
percent of the non-ansemic group had poor musculature. All

the subjects in the anaemic beneficiary and anaemic non-
beneficiary group suffered from anaemia. Out of this 60 percent
of the anaemic “eneficiary group 40 percent of the anaemic
non-beneficiary group had severe anaemid, Clinical examination
also revealed the evidence of B-Complex vitamin C deficiency,

and dry rough skin among the different groups.

6. Anaemic beneficiaries had recorded a mean haemoglobin
level of 8,23 g/100m1 before supplementation and 11,68g/
100ml at the end of the supplementation period. The anaemic
non-beneficiaries had recorded 9.1g/100ml and the non-""%
anaemic subiects had recorded a value of 12,14g/100ml. the
anaemic subjects who were supplemented with iron fortified

salt had become non-an=emic at the end of the study by

registering a value of 11.68¢/100ml.

T The mean serum iron levels of anaemic beneficiaries
before supplementaticn was 58,94 ug/100ml, and at the end
of supplementation period was 90,58 ug/100ml. This result
indicates the beneficial effect of iron fortified salt
supplementation. The anaemic non-beneficiary subjects and

non-anaemic subjects had recorded 70.2 ug and 105.8 ug/100 ml.

8. The packed cell volume values recorded by the anaemic
beneficiaries was 24.6 before supplementation and-33.8 after

supplementation.



The anaemic non-beneficiaries had recorded a value of
27.5 and non-anaemic subjects had recorded a packed cell
volume of 35.5. Supplementation had enhanced the packed g

cell volume in the anaemic heneficiary subjects.

9. The total ironbinding capacity of the anaemic
beneficiaries was 379.2 and 292.1 before and after supple-
mentation. The anaemic non-beneficiaries had recorded a
value of 343.5 and the non-anaemic subjects had recorded

a value of 291,7.

10, For all the subjects-in the three groups the pulse

rate had increase after the activity namely washing clothes
and cutting wood irrespective of whether they were anaemic

or non-anaemic., However the rate of increase was much

less in the non—anaemid group. The anaemic beneficiary

group and anaemic non-beneficiary group before supplementation
had marked increase in pulse rate after washing clothes
indicating that they had to exert more to carry out the

same activity than their counterparts in the non-anaemic

groupe

11, The blood pressure levels of the subjects in the three
groups did not show any significant variation before and
after supplementation and before and after the gctivities

namely washing clothes and cutting wood,

12. The mean cardiovascular efficiency scores of the
anaemic beneficiaries was 64 after activity: that of anaemic
non-beneficiaries was 62 and the non-anaemic sub jects

recorded a score of 59.



&80
13. In thevHargéfd step tést when the pulse rate at 30
seconds recovery was conducted the pulse rate was in the
range of 49, 50 and 48 for the anaemic beneficiary,
anaemic non-beneficiary and non-anaemic subjects. Ail
the three groups show a3 level below 60, which is considered

as good.

14, In cooper's test the anaemic beneficiaries had covered
160 meters while the anaemic non-beneficiary subjects

had covered 159 meters and non-anaemic subjects had

covered 168 meters in nine minutes. The non-anaemic
subjects haq performed much better than the anaemic
subfjects. There was a significant increase in the work
performance and physical capacity of the anaemic beneficiary

group, after supplementation.

The foregoing results indicaté the beneficial effect
of supplementation with iron fortified salt. The salt
also had the additional advantage that it is used by all
the sections of the population, all the age groups at
all income levels. Hence, when salt is fortified with
iron all the members in the family will benefit. 1In
view of this it is recommended that iron-fortified salt
may be produced more widely and made available to the

public through all the marketing channels.
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APPENDIX T

ESTIMATION OF HAEMOGLOBIN BY CYANMETHAEMOGLOBIKN METHOD

-

(VARLEY 1969-1980)

PRINCIPLE

The haemoglobin is treated with a reagent.containing
potassium ferricyanide, potassium dihydrogen phosphate. The
ferric cyanide forms methasmoglobin which is converted to

cyanomethemoglobin by the cyanide.

REAGENTS: =

Drabkin's diluent solution | S
Sodium bicarbonate - 1 g.

Potassium cyanide - 0.05g

Potassium ferricyanide - 0.2g

Distilled water - 1 Litre.

This solution is preserved in a dark bottle and
preferably under cold storage. Its preparation and handling
should be done with great care. This solution should not be

used after it forms a precipitate at the bottom of the storage

bottle,

PROCEDURE:

1. Exactly Sml of the Drabkin's diluent solution is measured
into a dry test tube from a burette or -a pipette with
section bulb.

2. Exactly 0.02ml of blood is transferred from 3 standard
haemoglobin pipette into a diluent solution. " Usual care
in f11ling and cleaning of loaaed haeméglobin pipette

must be observed.,



The pipette is rinsed three times with the diluent
solution without allowing the formation of air bubbles
in the solution.

The blood and the diluent are thoroughly mixed by
rotating the tube,

Ten minutes time is allowed for the formation of
cyanmethaemoglobin.

Five ml of diluent solution is used as blank.

The readings are taken in photoelectric calorimeter at

540 milli micron.

CALIBERATION PROCEDURE

1.

Total blood iron is determined by Wong's method which would
give absolute amount of haemoglobin,

Ekactly 0.02 ml of this known blood sample is measured into
5.0, 7.5, 10.0, 12,5 and 15.0 ml of diluent solution.

These are now equivalent to blood samples cdntaining
respectively 100, 67, 50, 40, and 30 percent of the
original haemoglobin concentration.

The intensity of the colour is read using a green filter

at 540 milli micron against a blank set at Zero optical

density.



APPENDIX IIX

ESTIMATION OF SERUM IRON BY DIPYRIDYL METHOD T

PRIKCIPLE:

Ferrous iron gives a pink colour with 2.2 dipyridyl. A
solution of dipyridyl in acetic acid is added to serum
followed by a reducing agent. Proteins are removed by heating

in boiling water and then centrifuging.

REAGENTS:

1, 2,2 Dipyridyl - 0.1%

2. acetic acid 12% v/v

3. Sodium sulphate - O,1lm

4, Chloroform

5. Standard solution containing 200 Ng.
6. WORKING STANDARD

Dilute 3ml of the solution to\lOO ml with water to

obtain a solution containing 3mg/ml.

PROCEDURE

Mix equal volumes of serum and 0.1lm sodium sulphate and
dipyridyl reagent in a glass stoppered tube which can be
centrifuges. Heat in boiling water for five minutes at
300 ppm. If the supernahent is not completely clear, repeat
the shaking and centrifuging. Read at 520m/ standard in-
the same way.

Reading of Unknown X 300

Ng Iron/100ml

Reading of standard '
These reading are linear with concentration to atleast
500/ 100ml. To obtain a calibrated curve, dilute 5 ml of the

stock standard to 100 ml with water and set up tubes containing 0,4,

-



0.8{ 1.2, 1,6 and 2,0 ml. This makes each té 2 ml with water
and deveIOp the colour as described above and read against the

blank These correspond to 100, 200, 300, 400 and 500 mg/100 ml.

APPENDIX III

\

ESTIMATION OF PACKED CELL VOLUME BY WINTROBE MACRO METHOD

PRINCIPLE:

The packed cell volume or haematocrit of blood is
determined using heparinised capillary tube (7521) and micro

haematocrit centrifuge.,

PROCEDURE |
'Blood from finger t p is collected in EDTA and is
allowed to run abouf half to three-fourth length of the tube.
The tube is sealed on the opposite using sealing wax plasticine.
The tubes are then transferred to the high Speed micro-haematocrit
centrifuge and placed in grooves of the centrifuge head.,
They are centrifuged fqr five minutes at 11,000 pm and read
~on the reader which gives the direct haematocrit volume in

volume percentage.

APPENDIX IV

,

ESTIMATION OF TOTAL IRON BINDING CAPACITY BY DIPY RIDYL MZETHOD.

PRINCIPLE:

Transferrin is saturated 100% by adding iron from outside
in ferric form. After chelating the iron not bound to transferrin,
the transferrin iron is estimated as in the case of serum iron.

Transferrin normally is saturated to only 33% by iron.



Determination of transferrin solution provides a good

index of iron in nutritional status.

REAGENTS:

1. Ferric chloride solution containing 5 mg/ml in
0.005 N hydrochloric acid. Prepare a stock solution
containing 145 mg of ferric chloride/100ml of 0,SN acid,
dilite one hundred millilitre with distilled water.

2, Magnesium carbonate for light absorption.

c Sodium sulphite 0.2 /

2.52g of the anhydrous 8alt/100 ml

4, 2.2 dipyridy 1:0.2% in acetic acid, 3% chloroform and
standard solution as for the method. .
PROCEDURE:

To lml of serum is added 2ml of ferric chloride solution,
shaken well and the mixture allowed to stand for five minutes.
After allowing for five minutes add 400 mg of magnesium
carbonate (100mg for each ml of ferric chloride). Shake
vigorously for 30-60 seconds., centrifuge and pipette off
4ml of the suner natent fluid for iron determination. If the
dipyvidyl method is used add 1lml of each of the 0.2/ng sulphite
and 0.2% dipyridyl and proceed as described previously
for determination of serum iron. This result gives total
iron binding capacity. If the serur iron is determined at

the same time the percent saturation is calculated.



CALCULATION:

N

x-ug amount iron present in 0.25 ml of serum. This
value when multiplied by 400 would give total iron binding
capacity-value in ug/100ml of serum. Unsaturated Iron
‘binding capacity (UIBC) = Total iron binding capacity -

Serum iron (in ug / 100ml serum).

Reading of standard



APPENDIX V

Individual Food Intake of Anaemic groups

FOOD STUFF I IT IIX Iv v \'A8 VII VIIT IX X
CEREALS 250 200 250 175 135 270 235 240 240 250
PULSES 40 30 25 40 65 60 25 40 30 . 30

GREEN LEAFY

VEGETABLES 25 - 50 - - 100 60 50 - 100
OTHER VEGETABLES 15 5 40 30 10 50 65 65 130 60
ROOTS AND TUBERS 15 35 - 10 30 20 25 65 25 25
FRUITS - ~ - - - - - - - -
MILK . 100 - 50 - - 100 100 200 150 150
FATS AND OILS . ' 18 10 - - 10 25 25 30 25 30
MEAT AND FISH - - ~ - - - - - - -
EGG - - - - - - - - - -

SUGAR AND JAGGERY 25 30 20 30 15 10 15 - 10 15



Individual Food Intake of Non-Anaemic Groups

FOOD STUFT 1 T ITT IV Vv vI  VII VIII  IX X
CERZALS | 400 300 350 350 400 400 350 350 400 300
PULSES 55 50 45 45 30 25 S0 45 35 60 .
GRECN LEAFY VEGETABLES 50 - 90 75 S0 50 50 40 - 50
OTHER VEGETABLES 50 50 65 50 80 45 65 70 55 70
ROOTS AND TUBERS 20 a0 75 70 50 55 50 -~ 50 40
FRUITS - - - - - - - - - -
MILK 200 200 150 100 125 150 200 100 140 200
FATS AND OILS 20 25 25 30 15 i5 15 20 10 25
MEAT AND FTSH - 60 - - - - - - - -
EGG - ~ - 50 - 50 - - - - -

SUGAR AND JAGGERY - 20 20 10 20 20 15 15 10 20



Individual Food Intake of Anaemic Non-Beneficiary Group

FOOD STUFF T II III IV V VI VII VIII  IX X
CEREALS 200 330 160 200 140 275 300 300 270 300
PULSES ' 55 20 45 30 30 15 20 50 30 45
.GREEN LEAFY VEGETABLES - 40 60 30 - 35 - 50 - -
' OTHER VEGETABLES 15 40 60 40 30 40 60 50 45 55
ROOF AND TUBERS 25 50 75 20 60 - 60 30 15 40
_FRUITS - - - - - - - - - -
MILK 200 100 150 15 50 50 - 100 150 -
FATS AMD DILS - 20 - - - - - - as 10
'MEAT AND FISH ) | - - - - - - - - - -
EGG o - - - - - - - - - -

“SUGAR AND JAGGERY - - 10 10 10 20 25 45 30 20



APPENDIX VI

Individual values of Nutrient Intake of Anaemic groups

- Emr wEm Em O EE S S eh Mr Mr w e e G M e SR fm Mn e ws Gn G My SA e En @ @ MR S GeeR S R WP M E W W W S W W W W e A e

FOOD NUTRIENTS I IT I1T Iv v VI VII VIII IX X
PROTEIN 23 22 28 29 17 27 39 24 24 30
ENERGY 2017 1253 2064 1954 1987 1958 2010 1998 1938 2000
CALCIUM 101 372 122 508 813 213 425 365 405 255
IRON 7 19 55 59 9 35 14 23 15 15
RETINOL 2720 1987 2650 2498 2560 2770 2682 2884 2690 2590
THIAMINE 0.45 0.96 0.76 1.08 0.76 1.58 0.93 0.85 0.92 1,92
RIBOFLAVIN 0.29 0.41 1,27 0.76 . 0.46 0.43 0.85 0.39 1.41 0.40
ﬁIAGIN 4 14 5 18 6 12 13 14 16 12

VITAMINC 21 89 58 18 o 12 9 32 78 22 13

e Me AR @n B E Se GB M s @ME AR A% ER ME I @A WP WE MM AR S G €z @Gp Sm Gp e @ Gk M T SR @R R A% @) o% S AR AR S Am T S e s e



PROTEIN
ENERGY
CALCIUM
RETINOL
IEON
THIAMINE
RIBOFLAVIN
NIACIN

VITAMINC

" Individual value of Nutrient intake of Anaemic Non-Beneficiary group

- s me ma Am e Em e Em W W e G an e an G Er e an W S am Sw e e S MM e em W @ @ em e W e e e

I II I1I Iv v VI VII VIII IX X

21 31 32 29 38 36 25 37 . 36 31
2100 1963 2000 1950 1850 1980 1989 2010 2190 1990

375 116 578 47 321 49 262 498 217 640
1980 2153 2038 2060 1960 1770 1969 2011 1990 1954

11 28 11 9 13 31 26 30 58 32
0.81 2.70 0.63 6.14 0.63 0.46 0.86 0.93 0.57 13.10
0.87 0.89 0.30 0.39 0.85 0.35 0.86 0.88 0.63 0.43

11 10 13 11 9 11 10 11 13 9

37 43 40 12 22 10 18 38 53 126



Individual value of Nutrient intake of Non-Anaemic subjects

NUTRIENTS I II III Iv v VI VII VIII IX X
PROTEIN 44 41 59 - 40 53 41 43 41 35 33
ENERGY 1975 1566 1872 1756 2850 2085 1987 1897 2095 1994
QALCIUM 413 378 467 748 939 496 517 437 475 390
ﬁETINOL 2672 2756 2986 2950 2451 2010 1998 2752 2590 2495
IRON 35 43 34 25 37 97 45 46 26 24
THIAMINE 1.20 0.97 1.71 1,11 1,40 1,15 1,16 1,14 1.12 1.13
RIBOFLAVIN 0.84 0.73 1.83 0.73 1.33 0.52 0.62 0.63 0.62 0.76
NiACIN 14 13 18 11 18 13 16 16 17 13

VITAMIN-C 89 53 152 . 30 177 12 27 58 23 122



APPENDIX VII

\

INDIVIDUAL HEIGHTS AND WEIGHTS OF THE ANAEMIC, ANAEMIC NON BENEFI-

CIARY AND NON-ANAEMIC GROUPS e
Anaemic Group Anaemic Non-Beneficiary Non-Anaemic
Heights Weight Height Weight Height Weight
1. 159 42 160 44 160 45
2. 162 39 155 43 165 52
3. 159 41 160 41 ' 160 50
4, 163 39 152 44 159 49
5. 160 41 " 159 45 162 50
6. 163 39 159 49 155 47
7. 155 42 162 47 162 53
8. 159 41 , 162 50 159 51
9, 150 37 156 42 159 52
10. 159 42 159 41 159 52
11. 159 42 163 50 163 52
12, 154 38 ‘160 43 - 155 51
13, 155 41 163 50 162 47
14, 155 38 162 49 159 50
15, 152 42 158 52 160 49
16, 156 a1 163 46 162 51
17. 140 39 , 162 47 | 155 52

18, 154 43 161 52 158 49



APPENDIX VITI

CLINICAL ASSESSMENT OF ANAEMIC, ANAEMIC NON BENEFICIARY

AND NON ANAEMIC

. Anaemic (Non- Non-Anaemic
SIGNS AND Anaemic GIOUDP  pepefjciary GP Group
SYMPTOMS
Number Percentage Number Percentage Number Percentage
Poor Muscu-
lature 7 35 7 35 - -

Deficient Sub-
cutaneous fat 9 45 - - - -
Anaemic
Mild 8 40 12 60 - -
Moderate 12 60 8 40 - -
Raw/Red/glazed

tongue - - 1 5 - -
Bleeding gums - - 3 15 2 10
Angular Stoma

tites - - 2 10 1 5



. ‘APPEXDIX IX

HAEMOGLOBIN VALUE AND SERUM IRON ANAEMIC SUBJECT BEFORE AND

AFTER SUPPLEMENTATION

Haemoglobin of Anaemic Serum Iron of Anaemic Subjects
sub jects
Before supple- After supple- Before supple- After supple-4‘

mentation mentation mentation mentation

1, 8.29 11,52 60 257 90
2. 8.08 12,10 68 283 105
3. 8.19 | 11,52 75 321 95
4, 8.60 10.95 60 | 270 90
5. 8.29 11,52 64 . 296 90
6. 7.99 11,52 68 309 95
7. 7.89 12,10 €8 244 90
8. 8.19 11,52 75 321 113
9. 8.60 12,68 53 257 83
10, 7.87 12,10 56 270 106
11, 8.80 11,52 75 309 90
12. 8. 40 12,10 60 321 113
13. 8.29 11,52 68 270 95
14, 8.19 11.52 53 309 90
15. 8.39 11,52 71 334 95
16, 7.99 10.95 75 308 83
17. 8.09 12,10 J 60 334 95

18, 7.87 11.52 68 309 105



APPENDIX X

PACKED CELL VOLUME AND TOTAL IRON BINDING CAPACITY OF ANAEMIC

SUBJECTS
Packed Cell Volume of Serum Iron Level of Anaemic
Sub jects ‘ : Sub jects
Before Supple- After Supple-Before Supple- After supple-
mentation mentation mentation mentation
1. - 25 .35 338 257
2. 24 30 326 283
3. 25 36 371 321
4, 26 33 - 349 270
5. 25 34 338 296
6. 24 32 315 309
7. 24 36 T 394 244
8. 25l 33 | 338 321
9. s 26 31 327 257
10. 26 7 33 360 T 270
11, 22 32, 394 ' 309
12, 22 34 371 321
13, 26 35 405 270
14, 26 36 349 309
15, 25 36 452 334
16. 25 34 450 308
17, 24 36 _ 405 334

18. 24 34 492 309



Haemoglobin and Serum Iron level of Anamic Non-Beneficiary

and Non-Anaemic Group

Haemoglobin Serum Iron Haemoglobin and Serum Iron Level
Level "of Anaemic Nori- of Non-Anaemic Groups
Beneficiary Groups

1. 9 60 11 - 103
2, 10 80 12 111
3. 9 60 12 94
4. 8 50 12 103
S. 10 70 12 94
6. 9 60 11 103
e 8 70 12 94
8. 8 55 12 103
9. 8 60 12 103
10. 8 70 12 103
11, 9 70 13 94
12, 9 70 12 103
13, 10 80 12 86
14, 9 60 13 103
15, 10 55 12 103
16. 10 60 ' 13 111
17, 8 70 11 103

18. 8 80 : 13 111



Total Iron Binding Capacity and racked Cell Volume of Anaemic

Non-Beneficiary and Non-Anaemic Groups

Total Iron Binding Capacity Total Iron Binding Packed Cell
Capacity
Packed Cell
Of Anaemic Non- Volume of Of Non- Volume of Non-
Beneficiary Anaemic Non=- Anaemic anaemic
Groups Beneficiary Groups Sub jects
Group
1, 315 28 289 34
2, 300 30 289 34
3. 315 28 321 36
4, 330 25 289 36
5. 390 30 257 37
6. 375 30 305 36
Te 330 27 289 35
8. 375 25 305 36
9. 315 24 273 37
10. 345 24 305 : 33
11. 315 27 305 39
12, 330 29 273 36
13. 300 26 289 33
14, 330 27 305 36
1s, 315 30 289 33
16. 405 | 23 | 273 : 39
17. . 390 25 289 36

18. 390 30 289 33



APPENDIX XI

INDIVIDUAL BLOOD PRESSURE OF THE SUBJECTS IN CUTTING WOODS

AT THE START OF THE STUDY (ANAEMIC)

Before Supplementation After Supplementation

Before Activity After Activity Before Activity After Activity
1. 120/80 122/80 115/75 120/80
2. 110/75 115/80 117/78 120/80
3. . 115/80 -117/82 120/80 122/82
4, 117/80 | 120/82 118/78 120/80
5. 120/80 ‘ 122/82 120/80 122/84
6. 120/80 120/81  118/80 120/80
7. 117/75 120/78 120/80 122/80
8. 115/80 120/81 117/78 120/80
9. 115/80 120/82 ‘ 120/80 121/81
10. 120/80 124/82 122/80 124/82
11. 115/75 120/80 117/78 120/80
12, 115/75 120/80 117/78 120/80
13, 117/80 120/81 120/80 122/82
14, 120/80 122/82 120/80 122/81
15, 120/80 121/81 120/80 124/84
16. 117/75 120/79 117/78 120/80
17. 120/78 122/86 117/78 120/80

18. 115/75 120/80 115/75 120/80



INDIVIDUAL PULSE RATE OF THE ANAEMIC SUBJECTS IN CUTTING WOOD AT THE “

START OF THE STUDY AND AFTER

SUPPLEMENTATION
Before Supplementation After Supplementation
Before Activity After Activity Before Activity After Activity
1. 80 103 74 ' 82
2. 76 101 ‘ ' 72 80
3. 82 104 - 72 80
4, 81 99 71 ‘ 81
5. 79 100 , 70 . 82
6. 83 105 73 86
7. 77 101 71 82
8. 80 102 70 81
9. 79 104 70 g8l
10. 81 100 73 80
11. 79 107 71 ! 80
12, 81 105 i 76 - 86
13, 83 104 74 82
14, 79 104 73 81
15. 76 107 71 : 80
16. 80 104 70 83
17. 80 102 - 72 - 85

18. 82 101 71 81

--—--——-——--—————-——-———-—————-—————————



INDIVIDUAL PULSE RATE AND BLODD PRESSURE OF THE ANAEMIC NON -

BENEFICIARY AT THE START OF THE STUDY WHILE CUTTING WOOD.

Pulse rate of Anaemic A Blood pressure of
non beneficiary Anaemic Non-Beneficiary
Before Activity After Activity Before Activity After Activity

1. 80 103 115/55 120/80
2. 82 101 117/78 120/80
3. 85 _ '105 115/75 120/80
4, 81 99 120/80 122/82
S. 82 100 121/80 123/82
6. 83 105 117/78 120/80
7. 79 104 118/78 120/80
8. 79 105 115/75 120/78
9. 83 100 120/80 122/82
10. 76 104 120/80 124/84
11, - 80 102 117/78 . 120/80
12, 82 101 118/78 120/80
13, 79 164 120/80 122/82
14, 82 101 120/80 122/82
15. 80 99 117/75 120/80
16. 81 98 120/82 124/84
17. 79 - 100 115/75 117/78

18, 77 101 118/78 120/80



INDIVIDUAL PULSE RATE OF THE NON=-ANAEMIC SUBJECTS WHILE

WASHING CLOTHES & CUTTING WOOD

Washing Clothes _ Citting Wood
Before Activity After Activity Before Activity After Activity
1. 72 81 73 82
2. 73 82 72 80
3. 70 80 73 82
4. 71 81 75 87
S. 70 80 72 84
6. 70 80 70 80
7. 70 80 71 82
8. 70 81 70 81
9. 70 81 72 84
10. 72 82 70 80
11. 70 81 71 82
12, 70 80 72 ' 81
13. 71 82 73 82
14, 70 83 71 81
15, 71 84 71 81
16. 72 | 81 70 81
17. 70 ‘so 70 81

18, 71 85 70 80



INDIVIDUAL BLOOD PRESSURE OF NON=-ANAEMIC SUBJECTS

WHILE WASHING CLOTHES AND CUTTING WOOD

—--———.——————---——-——.—-—————..c—--——--———

Washing Clothes Cutting Wood
Before Activity After Activity | Before Activity After Activity
1. 120/81 122/81 120/80 121/81
2, 115/80 117/81 120/80 121/82
3. 120/80 122/81 117/80 120/81
4,  118/79 ’ 120/80 ' 115/75 120/80
Se - 120/80 122/80 110/75 118/80
6. 110/80 110/82 118/78 121/81
o 120/80 122/81 120/80 121/81
8. 115/75  120/80 120/80 121/81
9. 115/80 120/81 120/80 122/82
10. 110/75 118/78 120/80 122/82
11. 120/78 122/80 120/80 121/81
12. 120/80 121/82 - 11%/75 120/80
13, 110/80 120/81 115/75 | 120/80
14, 115/75 120/80 118/78 121/81
15, 120/80 121/82 120/80 121/81
16. 120/80 122/82 120/80 121/82
17. 120/80 121/81 120/80 121/82

18, 117/80 120/80 120/80 121/81




INDIVIDUAL BLOOD PRESSURE OF THE ANAEMIC SUBJECTS TN WASHING

CLOTHES AT THE START OF THE STUDY

10,
11.
12.

13,

Before Supplementation

After Supplementation

Before Activity After Activity

3

120/80
118/80
117/98
120/78
118/78
120/75
115/80
120/80

% 120/80

115/75
118/78
120/80
120/80
117/75
115/75
117/78

115/80

124/80
120/82
120/82

. 124/80
120/80
124/82
118/82
122/82
122/82
120/80
122/82
124/82
122/82
120/80
120/80
: 120/80
120/83

121/80

Before Activity After Activity

118/80
120/80
118/80
120/80
120/80
120/80
115/80
118/80
118/80
118/78
120/80
118/80
120/80
118/80
115/75
118/75
115/75

120/80

120/80
121/81
120/80
122/82
122/80
122/80
118/81
120/84
120/84
120/80

122/82

'120/81:

124/82

120/82

120/80

120/80
120/80
122/82



INDIVIDUAL PULSE RATE IN SUBJECTS (ANAEMIC) IN WASHING

CLOTHES
Before Supplementation After Supplementation
Before Activity After Activit? Before Activity After Activity

1. 80 . 104 76 | 86
2. 76 107 74 82
3. 84 103 72 80
4. 79 | 104 73 81
5. 81 101 71 80
6. 80 104 72 80
Te 79 103 72 82
8. 82 109 70 80
9. 81 105 71 81
10. 82 107 70 . 80
11. 81 105 76 86
12, 76 107 73 85
13. 79 - 104 | 73 80
14, 81 100 70 84
15. 82 102 71 80
16. 81 101 71 81
17. 80 102 70 82

18, 79 104 71 8l



INDIVIDUAL PULSE RATE AND BLOOD PRESSURE OF ANAEMIC NON

BENEFICIARY WHILE WASHING CLOTHS

Pulse rate of Anaemic Blood pressure of anaemic (KB)

Before Activity After Activity Before Activity After Activity

1. 80 103 120/80 122/82
2. 77 89 118/78 120/80
3, 79 100 120/80 122/82
4. 81 101 115/75 117/78
5. 83 105 117/78 120/80
6. 81 101 115/75 120/80
7. 80 99 120/80 122/82
8. 80 100 121/80 123/82
9. 81 102 120/80 - 122/82
10, 80 103 115/80 120/80
11. 81 101 120/80 124/84
12, 82 104 120/80 122/82
13. 81 : 103 115/75 120/80
14. 80 101 117/78 120/80
15. 80 103 115/75 120/80
16. 77 ' 99 117/78 120/80
17. 78 97 117/718 120/80

18. 80 99 117/78 120/80



t

INDIVIDUAL BLOOD PRESSURE AND PULSE RATE OF ANAEMIC

NON-BENEFICIARY IN HARVARD STEP TEST:

Blood pressure of anaemic Puls® rate of anaemic non
non beneficiary subjects - beneficiary subjects
After Activity After Activity

1. 145/90 45

2. 135/90 -60.4

3. 140/80 60.6

4, 135/80 ‘ ‘ 47.9

5. 140/75 45,9

6. 140/80 48

e 135/80 44

8. 140/80 55

9. 145/90 48

10. 145/80 48 |

11, 135/90 49 .
12, 140/75 50

13. 135/90 48

14, 145/90 50
15, 140/90 49

16. 140/90 48

17. 140/80 51

18. 135/90 46



APPENDIX XI

INDIVIDUAL WORK OUTPUT OF ANAEMIC & NON ANAEMIC SUBJECTSAiN

HARARD'S STEP TEST

Blood Pressure of Anaemic Blood Pressure of Non-Anaemic

Before Activity After Activity Before Activity After Activity
1. 140/90 | , 140/80 135/75 135/70
2. - '140/80 - 135/75 - .135/75 A 130/70
3. 145/90 140/85 140/80 135/75
4, 140/80 135/75 145/80 140/75
5. 135/90 130/85 135/80 130/75
6. 140/80 135/75 135/75 130/70
Te 135/75 130/70 | 135/75 130/70
8. 140/80 135/77 140/80 135/75
9. - 135/80 130/75 140/80 135/70
10, 140/75 135/73 '145/80 135/90
11. 135/80 130/80 145/75 140/70
12, 145/85 135/80 135/75 130/70
13, 140/80 135/75 135/75 130/75
14, 140/80 135/75 135/75 130/70
15, 135/75 130/75 140/80 135/75
16. 135/90 130/85 145/80 140/75
17. 145/90 135/85 135/80 130/75

18. 140/80 135/75 135/75 130/70



-

INDIVIDUAL WORK OUTPUT OF ANAEMIC AND NON=-ANAEMIC SUBJECTS IN

HARVARD STEP TEST

Pulse rate 30 sec recovery in 30 second Recover§ pulse rate
anaemic subjects in non-anaemic subjects
After Activity After Activity

1, 45 | 49"

2 44 49

3. 40.8 ' - 52

4, 45 _ 56

5. 60.6 47

6. 50.3 49

7 47,9 58

8. 45.9 . 53

9, 48 - 54 R
10. 40.8 o Rt 52
11, 54.5 | St 56 s
12. _ 53.5 S 54.5
13, 48 55

14, 48 53
15, 45 54.5
16. 53.5 52
17. | 55 R 56

18. 48 55



INDIVIDUAL WORK.OUTPUT QF ANAEMIC AND NON-ANAEMIC SUBJECTS

IN HARVARD STEP TEST

Cardiovascular scores for Cardiovascular efficiency scores
Anaemic subjects for non-anaemic subjects
After Activity - After Activity
1. 68 67
2, 70 61
3. 67 62
4. 64 56
5. 60 66
6. 53 56 -
e 59 55
8. 56 59 )
9. 71 59.5.
10. 73 61
11. 71 61
12, 59 59
13. 60 53
14, 66 51
15, 67 52
16. 73 51
17. 58.5 54

18. 60.5 55



APPENDIX XII

AREA COVERED BY THE THRE GROUPS IN COOPER'S TEST

ANAEMIC (NON-

BENEFICIARY

1. 166.50 150 170.50
2. 160 151 175
3, 164,50 154,50 175, 50
4. 169 149, 40 : 165..50
5, 159 140. 50 | _ 165

6. 155 160 | 182,50
7. 142 155,50 185,30
8. 162 150. 50 190. 50
9. 162 149 | 189
10. 159 145 ’ : 187.25
11, 155. 40 146 , 189.60
12. 165 147.5 176
13. 156 146 190
14. 141 150 195. 50
1s. 162 150 187.75
16. 159,75 160 190
17. 163 156 182.75

18. T 172, 150 195.30

--------—-a—-—---*--—*—‘--u—----—-c----



