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Foreword

I'ron deficiency anaemiaand malnutrition in Indiahave assumed
pandemic proportionsaffecting a most the entire popul ation. Suchamassive
prevalence severely affects the human resources — the largest current
economic base of the nation, aswell asthefuture generations.

Thismonographisanin-depth analys sbased ontheNationa Family
Health Survey — 1998-99 (NFHS-2) data set carried out by ISEC on the
prevalence of iron deficiency anaemia and malnutrition in India. Dr.
RamakrishnaReddy, an obstetrician, gynaecol ogist and apopul ation scientist
with considerable experiencein mattersrel ated to public health, including
primary health carein India, has made the results of thisrich survey data
and itsanalysisfor wider reading by academiciansand policy makers. The
dataset under anaysisrelatesto ahuge sample—morethan 79,000 women
intheir reproductive age (15-49 years) and their children below 3 years of
age, numbering morethan 24,000.

The study has been presented in two parts. Thefirst part of the
monograph presentsacomprehensvereview of the epidemiologica aspects
problem. It hasalucid description of thebasic medical aspectsasrelated to
iron deficiency anaemiaand mal nutrition, asabackground for the analysis.
It has been written in a style appropriate for easy understanding by the
socia scientists, besidesexplaining the critical health aspects.

The second part deal swith the methodol ogy adopted by the NFHS-
2, its sample design and implementation. The procedures used in the
measurements of iron deficiency anaemia and malnutrition have been
described. Logical conclusionsand comprehensive set of recommendations
have been made to support the policy perspective, strategic planning for
programmeimplementation and future data coll ection methodol ogies.

Wein | SEC hopethat thisstudy asmuch asmany such other studies
pertaining to the health statusin the country will become useful for policy
making pertaining to the health sector.

December 2003 Gopal K. Kadekodi
Director

Ingtitutefor Social and Economic Change

Bangalore
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Preface

In atropica country like India, iron deficiency anaemiais one of
the very widely prevalent diseases, which can be diagnosed and treated
with egqual ease and also expect it to recur with the same vigour. Thisdis-
ease has alwaysfascinated not only the clinicians but also the obstetricians.
Theresultisthat thisdiseaseisthe most investigated, well understood nutri-
tional condition, discussed and debated right from a sub-centrein aremote
areato theinternational level. The prevaence of iron deficiency is so per-
vading and perpetuating that it has greatly attracted the professionals |ead-
ing totheinstitution of several anaemiacontrol programmesin the past with
the emphatic failure as the only tangible outcome. Although there is an
impression that only a severe degree of anaemiais harmful, it isnot borne
out by evidence. It should berealised that oncetheiron deficiency appears,
morbidity beginsto stalk theindividual and tendsto increasein severity with
the passage of time. Theiron deficiency anaemiais so common and insidi-
ous that even the apparently healthy individual may have a fairly severe
degree of anaemiawithout the obvious symptoms.

My interest in this easily curable disease at the individual level is
due to difficulty in containing the pandemic springs from three decades of
diverse clinical experience and a persona experience of severe anaemia
following amassive bout of gastrointestinal bleeding. | waslucky to survive
and asaclinician | had the most rewarding experience of suffering from a
disease which affected millions of people acrossthe globe. | am amazed at
the tenacity of the people to go about their routine work with fairly severe
anaemia. For that short duration in thewinter of 1999, | had experienced all
the signs and symptoms of iron deficiency anaemia —understand how in-
valid | was when | experienced it several times during that period. The
morbidity of iron deficiency anaemia is such that one cannot do work to
one's full capacity or to the levels performed earlier when healthy. | had
also thefrightening experience of ‘watching’ women dieinlabour who had
reached the hospitals late in delivery as a result of very severe anaemia—
no time and not even aremote chance to act in their cause. With the pas-
sage of time, these experiences aggregated into a desire to understand the
mal ady thoroughly and work towards a solution. In the past two decades, |
have been pressurised by the medical and paramedical personnd to per-
form laparoscopic sterilization in camps on women with severe anaemia -
haemoglobinlevelsaslow as5 g/dl or evenless. It isgratifying to mention
that | have operated upon several hundreds of them every year in the past



two decades without any untoward outcome. The principal and guiding con-
siderations for such an undertaking were three: the first, the condition of
these women was so severe that another pregnancy might be a threat for
their lives and had the potential to ruin the entire family; second, therewas
no reasonably good mechanism in the health care delivery system that en-
sured treatment of any anaemia; and last, that these women had lived with
low levels of oxygen for avery long period and successfully went through
the labour recently should reassure a clinician of a reasonably good out-
come with short surgical procedure.

My interest in iron deficiency anaemia was rekindled by the
enterprise of the NFHS-2 undertaking hemoglobin and anthropometric
measurements. My enthusiasm spurred me to discuss with the project
administrators about the need for a sound methodol ogy and good fieldwork
to obtain robust data, which, by all means, could form the baseline data on
iron deficiency anaemiaand malnutrition in India. | even ventured to offer
the unsolicited advice of suggesting several haematol ogists in the country
with international reputation who could help fine tuning the datacollection.
It was disheartening when the dataon an all pervading pandemic, collected
from acrossthe country at huge cost and labour was hot widely disseminated,
debated at academic and administrative level sto guide policy formulations
which could have hel ped formulate programme interventions. The external
research fellowship instituted by the Ministry of Health and Family Welfare,
Government of India, came as a good opportunity for me to understand
more about this most common disease. The RCH-RHS data on iron
deficiency anaemiaand malnutrition, which wasadistrict level data, could
have been very useful to map the prevalence of iron deficiency anaemia
and mal nutrition for ameaningful devel opment of programme perspectives.
Sincetherewas adelay in the availability of data, for the present, | haveto
be content with the meta-analysis of NFHS-2 data and hope to work on the
RCH-RHS datasometimelater. Even though | have attempted the mapping
of the NFHS-2 data, a statewide data will not be as meaningful as the
district level data. In the absence of an alternative | have worked out a
compromise for thetime being.

This task would not have been very much successful but for the
kindness and generosity of a number of individuals who provided me an
opportunity to probeintothedata. | am extremely grateful to Dr. M. Govinda
Rao, thethen Director, ISEC, and hisillustrious successor Dr. G. K. Kadekodi,
for granting me the fellowship initially and extending it for the full year. |
am very much thankful to Dr. K.N.M. Raju, Professor and Head, Population



Research Centre, ISEC, for his kindness in supporting my application for
thefellowship and all hishelp and guidancein the research project. | place
on record herethe generous hel p extended to mefrom thetime |l applied for
the fellowship and all through the term of fellowship by Shri H.N.
Ranganathan, the Registrar, ISEC. | am grateful to all the members of the
faculty and the staff of the Population Research Centre, | SEC, individually
and collectively for their encouragement and support during the tenure of
thefellowship.

Several scholarshave hel ped mein completing thisproject. Mention
may made of Dr. P. H. Rayappa, the former Professor and Head of PRC,
ISEC, and Dr. C.P. Prakasam, Professor, Department of Public Health and
Mortality Studies, International Institute for Population Sciences who was
in charge of the Data Centre.

The Chief Librarian, ISEC and his colleagues were of immense
help in accessing relevant literature and the other staff in ISEC facilitated
my research work in many ways. | am grateful to them all.

Itisrareto find amedical man taking up aresearch project in the
field of social science and many eyebrows were raised when | started this
research in ISEC. Some of my interactions at ISEC with fellow scholars,
though limited, were rewarding experiences. The fellowship was a rare
opportunity for me, | am grateful to everyonewho helped in thisendeavour.

Dr. M. Ramakrishna Reddy



INTRODUCTION

In recent decades, within the broad concept of thewealth of nations,
human devel opment hasrightly cometo occupy the centre stage. The quest
for advancement of mankind has been one of thevery interesting and intense
endeavours al through the history of man, and, this is perpetuating even
today. All these endeavours of man had acommon goal - the human welfare
- theprincipal objectiveand the central focusof such endeavours. Civilizations
and cultures, both ancient and modern, had their origin and flourished in the
lands of theworld wheremen lived in prosperity and perfect physical strength.
The concept of development represented the well-being of the people, at all
times and continuesto be so. Inthe modern context too, the devel opment of
nations connotes, the well-being of the people — a healthy, well-nourished
citizenry capable of being economically productive which can create
prosperity and not be dependent on or be a burden on the society.

Atthemicrolevel of the economy of anation, eachindividual citizen
constitutes the productive component of the total economy and hence, the
national income or wealth is estimated as ‘per capita income'. In other
words, each individual is expected to contribute to the national economy.
Towards the latter half of the last century, the concept of human capital
gained currency and it gained recognition all over theworld (Behrman 1992;
Schultz 1994; World Bank 1994; and Seligmann et al 1997). Human capital
is the essential function of the economy as related to the citizens. The
professed objective of the welfare state isto facilitate or create conditions
inwhich every individual ishealthy and productive. Indiais endowed with
world’s second largest population — a billion and more, which holds an
immense economic potential for the nation, provided they are healthy and
physically capable. For several decades, in the future, the human capital
would be a promising, renewable, and apparently inexhaustible economic
resource.

The economic capacity or potential of anindividual isthe outcome
of thetwo primordial functionsof human beings: one, theintellectual capacity,
and the other, a matching physical endowment. Hardly are there any
substitutes for these natural faculties of the human body. Even if the final
success of an endeavour isachieved with the aid of sophisticated technology
and mechanical marvels eventually, the human brain and brawn are the
prime movers behind such successes. A well-developed intellectual faculty
housed in ahealthy body of anindividual lendsthethrust or steam or energy,
asit might be called, for the economic advancement.



Currently, the developing countries have the largest accumulation
of human capital. These countrieswereinthesimilar situation at the beginning
of the 20" century as developing countries are today. However, with the
advent of industrialisation and epoch making stridesin science, technologies,
and medicine, the economic wealth resulting from the industrial economy
have heralded greatest developments in the human resources sector,
especially the quality of life aspect, therein. Advancesin public health in
these countries have been the corner stone of such successes.

Manpower is a perpetual natural resource when tended carefully,
an inexhaustible resource of greatest value. Human resource, unlike the
other naturally occurring material resourcesisinfinite and versatile in its
elasticity. Able-bodied human resources can make a nation plentiful,
economically.

Human Development — The Ultimate Goal of All Nations

Prosperity of a nation is reflected in the strength of its human
resources, and the welfare states all over theworld aim to the well-being of
their populations in order to remain in the forefront of development at all
times. Setback to any population for reasonswhatsoever isdirectly reflected
in the economic outcome of the country.

The number of Indians born in poverty and suffering from
mal nutrition isgrowing at an alarming pace. With the passage of time since
independence, the growth of undernourished population is multiplying for
want of effective programmesto contain the problem of malnutrition through
food and nutritional security. Consequently, intergenerational impact of iron
deficiency anaemia and malnutrition continue to affect a few more
generations of Indians. There appearsto be no immediate sol ution as many
programmes being implemented are either ill conceived or improperly
executed.

India, with its teaming billion plus population, comprising a very
large child population and an equally large female population in the
reproductive age suffering from anaemiaand malnutrition isadefinite threat
for the national economy inthelong run, for, the disease morbidity will cut-
short the economic potential of the population. M onsoon dependent Indian
primary sector although subject to severe droughts and floods has made
great stridesin food production through the green revol ution. Nevertheless,
the size of malnourished and anaemic population as revealed by anumber
of recent studies, isstill hugein India.

The very thought of improving the quality of life is a far-fetched
dream for nearly 70 per cent of the popul ation of the country who areliving



in rural areas under poor health and sanitary conditions. Rampant poverty
and poor purchasing power, ill-organised public distribution system, and large
prevalence of tropical diseases compound the misery and aid in promoting
morbidity levelsinthe population.

Conceptual Framework

Thisstudy isbasicaly anin-depth analysis of the secondary dataon
the prevalence of iron deficiency anaemia and malnutrition. The data was
generated as a part of alarge, nationwide demographic and health survey —
the Nationa Family Health Survey 1998-99 (NFHS-2) conducted jointly by
theInternational Ingtitutefor Population Sciences, Mumbai, and ORC Macro,
Calverton, MD, USA,in 1998-99. The dataoniron deficiency anaemiaand
mal nutrition among the ever married women in the reproductive age group
of 15-49 years and their children aged below 3 years were collected by
directly measuring the haemoglobin levels in the field and by recording
anthropometric measurements of the respondent women and their children
under 3 years of age. The data are available for al the 26 states of the
country. The analysis for this study has been done within the limitations
inherent in the dataitself.

The proposed analysis of the Reproductive and Child Health—Rapid
Household Survey (RCH-RHS) data could not be carried out, as the
nationwide RCH-RHS data were not available at the time of analysis as
anticipated. Such databeing anationwide, district level data, it would have
been very attractive and interesting to delve into one additional data set for
the reasons of comparison and district level spread.

TheNFHS-2 datahave severelimitations apart from technical short-
comings, such asdatabeing avail ablefor very narrow popul ation groups of
ever married women of reproductive age 15-49 and their children below 3
years and that too at the state level. Thus, the analysisislimited to the two
groupsonly and therefore, it isnot possiblefor interpol ation or generalisation
of thisdatafor the entire population. However, itispossibleto draw interstate/
regional comparisonswithin the groups for which data are available.

Within thelimitation posed by the data, the analysis hasbeen carried
out to understand and interpret the datain terms of morbidity attributableto
iron deficiency anaemiaand malnutrition fully conscious of thevery narrow
segment of the population being characterised in the analysis.

For abetter understanding of the basis of morbidity, abrief review
of iron as amicronutrient and the related physiological aspects have been
presented with an overview of the structure and functions of haemoglobin -
the principal oxygen carrying molecule, oxygen transport, and the role of



oxygen in the energy metabolism. Effects of malnutrition on growth and
physical stature and itsimpact onthe physical capacity have been considered.
The combined impact of iron deficiency anaemia and malnutrition on the
women and their children and the morbidity outcome has a so been discussed.

Notes on Data Quality - Suggestions and Recommendations

From the policy perspective and implementation of remedial
interventions and in the background of severelimitations posed by the current
data, requirements and modifications in the data collection methodol ogy
have been suggested for future surveys. A very strong case has been made
for developing our own national reference standards not as a mere symbol
of national pride but as an inescapable imperative need for the welfare of
theworld’s second largest population. A country which boasts of the largest
scientific manpower and talent pool in theworld need not dither. Neither the
vastness of the country nor the difficult regional variations should hinder the
development of such reference standards. Without such reference standards,
programmeimplementation, effective monitoring and eval uation are not going
to be possible and the success of controlling iron deficiency and malnutrition
will remain adistant dream for want of proper instruments to measure the
disease and the efforts to control it.



PART |
IRON DEFICIENCY ANAEMIA

Introduction

Iron deficiency anaemiais the leading cause of morbidity among
thevast sectionsof people, especialy in thedevel oping countries. Concurrent
prevalence of malnutrition, both acause for and an effect of iron deficiency
anaemia would worsen the morbidity outcome of the people in the world.
Ravagesof poverty, illiteracy, poor environmental sanitation, tropical weather
and large prevaence of intestinal worm infestations have been the major
causesfor the prevalence of iron deficiency anaemiaand malnutrition. Itis
a vicious cycle where the prevalence potentiates the morbidity and vice
versa. The impact on the health of the individuals and their well-being is
though not very apparent or dramatic, it is quite profound. Particularly, the
significance of morbidity is more for the unborn foetuses, the infants and
the very young children than their mothers although they too suffer agreat
deal because their natural opportunity for a reasonably good physical and
mental development is severely compromised. Such a situation leads to
inter-generational impact. The impact of iron deficiency anaemia and
mal nutrition is on the physiological, physical, psychological and economic
aspects of the individuals concerned. With the prevalence levels of iron
deficiency and malnutrition asindicated by the National Family Health Survey
—2, itisnecessary to take aconsidered ook at these two major public health
problems faced by the people of our country.

Physiological Considerations: Iron — The Metal and Its Biochemistry

Iron isatransition element with an atomic number 26 and atomic
weight of 55.847. Itisaphysiologically very important and an active el ement
whose presence in a variety of substances in the body is critical for the
normal physiological functions. It isthe fourth most abundant element and
second most abundant metal in the earth’s crust. It is one of the primordial
elements considered to have participated in the chemical evolution on the
earth since 500 million years, through reduction, to facilitate the synthesi s of
molecules essential for life (Bothwell et al 1979). Inthebiological systems
iron occurs in oxidised states as ferrous (Fe*?), ferric (Fe™®), and ferryl
(Fe*) forms(Beard 2001). Ironisan essential nutrient for dl living organisms
with the exception of avery few microorganisms.

Iron is one of the most investigated and best-understood nutrients
(Beard et al 1996). The relative ease of access to the major body pools of



iron, such as, blood samplesand bone marrow aspirates, hasgreatly facilitated
the understanding of iron nutrition and metabolism (Dallman 1990). Ironis
an important component or cofactor for hundreds of proteinsincluding the
haeme of haemoglobin, myoglobin, transferrin, ferritin, and iron containing
porphyrins besides being an essential component of enzymes, such as,
catalase, peroxidase, and the various cytochromes. When it comes to life,
ironismore preciousthan gold! (INACG 1979, Dallman 1990 and Beard et
al 1996)

Average Iron Content of the Human Body

The average total body iron is estimated to be ~3.8g in men and
~2.3 ginwomen of which ~30 - 40 mg/kgisfunctional iron and ~0- 20 mg/
kg is storage iron (Bothwell et al 1979 and Beard 2001). Iron containing
compounds in the body are grouped into two principal categories, viz.,
functional or essential iron compounds and iron storage complexes. About
85-90 per cent of non-storageiron isfound in erythroid mass (Bothwell et
al 1979)

Essential/Functional Iron Compounds

The essential or functional iron compounds are haemoglobin,
myoglobin, haeme enzymes, such as cytochromes, and non-haeme enzymes
such as iron-sulphur proteins and metalloflavoproteins. Haemoglobin
accountsfor more than 65 per cent of the body iron, myoglobin for ~10 per
cent of thetotal body iron, and haeme and hon-haeme iron enzymes for ~3
per cent of the total body iron (Dallman 1990). These are the active iron
compounds involved in oxidative energy metabolic functions in the body.
The main function of the essential iron compoundsisto bind and transport
oxygen (O ) from the respiratory organs, i.e., lungs, to the tissues in the
body, and transport of carbondioxide (CO ) and proton (H*) from the
peripheral tissues to the lungs for subsequént excretion. As enzymatic
catalysts, the iron containing enzymes participate in a vast variety of
biochemical processesin the body (Rodwell 2000).

Iron Storage Compounds

Approximately, one gram of Ironis stored in the body in different
compounds, which maintain theiron homeostasis. The storage rangesfrom
0-15 mg/kg body weight or ~12 per cent in women and 25 per cent in men.
The major iron storage compounds are ferritin and hemosiderin which are
present primarily intheliver, reticuloendothélia cellsand bone marrow, each
oneof them accounting for approximately onehalf of the storediron (Bothwell
et al 1979 and Dallman 1990). The quantity of iron stored varies according



to age, sex, and nutritional statusof theindividual. Therange of variationin
the stored iron is quite wide yet without an apparent impairment in theiron
metabolism or an indication for the depleted stores. Distribution of stored
iron is not uniform. Liver contains 60 per cent of the ferritin in the body
while the remainder is found in the muscle tissue and reticuloendothelial
system. In the liver, hepatocytes host 95 per cent of the stored iron.

Table 1.1: Iron Containing Compounds in Man

Category of Iron mgina75kgMale mg/kg
Compounds (Approximately) (Approximately)
Haemoglobin 2300 3
Functional  Myoglobin 320 4
Compounds HaemeEnhzymes 60 1
Non-haeme
Enzymes 100 1
2800 37
Storage Ferritin 700 9
Complexes  Hemosiderin 300 4
1,000 13
Total 3800 50

Source: Adopted from Bothwell et al 1979

Dynamics of Iron Metabolism in the Body

Physiologically, ironisadynamic substanceinvolved in anumber of
vital functions in the body. Consequently, it undergoes very complex
physiological sequences, such as, absorption from the sites of availability,
incorporation into and production of functional compounds, releasefromthe
senescent functional elements, reabsorption and excretion. This processis
incessant.

Normal Iron Requirement

Sinceironisinvolvedinthe active metabolic processesin the body,
itsrequirementswill befairly elastic depending upon age, sex, phase of life,
and increased periodic physiologica needs for iron. Also, as a matter of
physiological functions certain quantity of ironislost from the body every
day. Pregnancy, growth spurts in children and adolescents, slightly
exaggerated physiological functions, and bleeding, both internal and external,
and worm infestations, lead to increased requirementsfor iron.



Pregnancy

Pregnancy places adefinitive demand for iron onthewomen—itis
inescapable! Total iron requirement during anormal pregnancy amountsto
about 1,000 mg (Cunningham et al 2001). Foetus and placentaaccount for
about 300 mg of iron, about 200 mgislost through normal routes of excretion
—thisis an obligatory loss of iron which occurs even when the mother is
severely iron deficient. An additional demand for 500 mg of iron ariseson
account of increased volume of about 450 ml of erythrocytes during
pregnancy, as each ml of normal erythrocytes contains 1.1 mgof iron. The
entire requirement of iron for this purpose arises during the latter half of
pregnancy. About half of the erythrocytes added during the pregnancy is
lost during normal delivery and through subsequent few days. Loss of
erythrocytesisfrom the site of placental implantation, placentaitself, from
the episiotomy or lacerations and in the lochia. Thus, during the normal
vaginal delivery of a single foetus, about 500 to 600 ml of erythrocytes
corresponding to pre-delivery blood islost. On the other hand, average
blood loss during a caesarean delivery or delivery of twinswill amount to
about 1,000 ml or nearly twice the amount of blood lost during a normal
delivery of asingle foetus (Cunningham et al 2001). Even though thereis
conservation of iron due to amenorrhoea of pregnancy, the actual loss of
iron is thus greater (Bothwell et al 1979). Such is the demand for iron

during pregnancy.

-r\:-m-l}mm

Iron Requirement (mi/day)

Trimester

Figure 1.1: Iron Requirement During Pregnancy
Source: Bothwell et al 1979



Infancy

At birth, anormal term infant would have, on an average, atotal
body iron of 75 mg/kg body weight. Theiron storesat birth areindependent
of the maternal iron nutritional status. Therefore, it is reasonable to expect
that theinfants of iron deficient mothers show no evidence of iron deficiency
at birth (Dallman 1989) since such infants are endowed with full compliment
of haemoglobin. In cases of severe maternal iron deficiency anaemiain
premature infants and twins, the neonatal iron stores would be small and
subject to further depletion. Eventhough thetotal body ironislessininfants
with low birth weight than the full term infantsthe ratio of iron to the body
weight will be the same (INACG 1979). Each kilogramme weight gain
during infancy and early childhood impaoses an iron requirement of ~40 mg
for the production of essential iron compounds (Dallman 1990).

Childhood

During childhood, from second birthday to twelfth in the boys and
thetenth among the girls, the average somatic growth would be of the order
of 2.50 - 2.75 kg/year (Bothwell et al 1979). The haemoglobin level will
also increase by about one g/dl during childhood. Consequently, the daily
iron requirementswill also increase to the levels of 0.5—-0.8 mg.

Adolescents

The accelerated body spurt during adol escence leadsto anincrease
in the body mass by about 4.5 kg/year in males and 4 kg/year in females.
The age specific increase in haemoglobin concentration among males and
femalesduring thisperiod will be2 g/dl and 1 g/dl, respectively. Considering
the increased obligatory losses during adolescence, the total daily iron
requirement in the malesis about 1.6 mg. Following the growth spurt the
progressiveincreaseiniron storesfrom about 200to 1,000 mginthe males
leadsto adaily iron requirement of 1.2 mg.

In females, the menstruation which starts at the end of growth
spurt lays additional demand for iron to replace the losses. These losses
vary greatly among individuals, the median loss being about 0.5 mg/day.
Theusual total daily iron requirement will be about 1.4 mg but may be more
among the females with increased menstrual losses (Bothwell et al 1979).

Women During Child Bearing Years

In an average woman of reproductive agethe daily iron requirement
should balance the quantity of ironlost during menses, besidesthe obligatory
losses. Thisimposes an average daily iron requirement of 2 mg. Iron stores
are more likely to get depleted during pregnancy and some women may



develop anaemia. A positive iron balance in the preconception period is
much desirable and hasapositive correlation with better pregnancy outcome
subsequently. Mild iron deficiency in the pregnant women has no effect on
the haemogl obin concentration of thefoetus (Bothwell et al 1979 and Dallman
1990).

Adult Men and Postmenopausal Women

In adult males, besides the physiological losses, ironisrequired to
build up normal iron stores of maturity between the ages of 18 and 30 years.
Normally, iron storesincrease throughout thelife of men and postmenopausal
women. Inflammatory diseases, neoplasms and more commonly aspirin
ingestion and hookworm infestation are the common causesfor iron depletion
in these groups (Dallman 1990).

Iron Losses

Iron homeostasisin the body is achieved efficiently by regulating
the absorption of iron to approximate the losses. Thelow solubility of iron
precludes its excretion and helps in the homeostasis of iron in the body.
Almost al the iron lost from the body is by way of obligatory losses.
Commonly, such losses occur through the gastrointestinal tract, the skin, the
genitourinary tract, menstruation and pregnancy. Thereisconsiderable gender
variation in the loss of iron from the body (Bothwell et al 1979, Dallman
1990, Beard et al 1996, and Beard 2001). No known physiological mechanism
for excretion of iron exists, consequently, absorption of iron alone regul ates
thebody iron.

Thedaily ironlossfrom the gastrointestinal tract amountsto about
0.6 mg, inthefaeces, bile and desquamated mucosal cdlls. Iron lossesthrough
the skin account for about 0.2 - 0.3 mg in desquamated skin cellsand sweat
and lessthan 0.1 mgin urine. Thisaddsup to adaily total iron lossof 0.9 —
1.0 mg inthe adults. Thisisthe basal obligatory loss of iron. In addition to
theselosses, womenin reproductive period of lifewill haveadditional median
iron losses of about 0.4 mg/day aggregating to atotal of 1.4 mg/day. The
menstrual bleeding could be more in certain individuals in which case the
ironlosswill be higher than the medianiron losses (Bothwell et al 1979 and
Dallman 1990).

Iron Turnover and Redistribution

All theiron compoundsin the body are continuously broken down
and resynthesised. Iron rel eased from the broken down compoundsisvery
efficiently conserved and reutilised without any loss. thus maintaining the
bal ance of iron pool inthe body (Dallman 1989).
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Regular iron turnover takes place in the body primarily by the
destruction of senescent erythrocytes by the reticuloendothelial system.
Erythrocytes have amean functional life of 120 days and contain ~ 80 per
cent of the functional iron in the body. In an adult weighing 70 kgs with
normal iron status, about 35 mg or 0.66 per cent of the total body iron
content isturned over by thisroute every day. Degraded myoglobinand iron
containing enzymes also add to the turnover, but in very small quantities
(Beard 2001).

Iron Absorption

Iron metabolismisatightly balanced homeostasiswith very limited
average diurnal losses. In the normal course, absorption of iron from the
gastrointestinal tract is the only mechanism by which the iron losses are
made up. Further, the absorption of ironisinfluenced by the body’sneed for
it and all the iron presented for absorption even in a suitable form is not
absorbed - an enigma not understood well.

Iron in thefood existsin many different chemical forms, of which
two distinct forms, haeme and non-haeme compounds are important for
nutrition. Haemefraction is derived from the food articles of animal or meat
origin such as meat, poultry and fish. The haeme iron aready bound to a
protein has greater chance of getting absorbed as it is not degraded in the
intestinal lumen and the process involved is much different from that of
non-haemeiron absorption (Bothwell et al 1979, Dallman 1990, and Beard
et al 1996). Iron in the food of vegetable origin, the most commonly
consumed and in large quantities, isfound in non-haeme state. Non-haeme
iron is bound to a number of chemical complexesin the food articles like
grains, pul ses and vegetabl es and needsto beionised beforeit isoffered for
absorption. A combination of haemeiron foodswith non-haemeiron foods
is known to enhance the absorption of the non-haeme fraction of iron from
the diet.

Exogenous iron ligands exert powerful influence on the iron
absorption. Ligandslike carbonates, bicarbonates, oxal ates, phosphates, and
tannates decreaseiron availability for absorption by forming large polymers.
Severd other ligandslike ascorbic acid, citric acid, tricorboxylic acid, amino
acids and sugarsform soluble monomeric complexesand promote absorption.
Some of these substances act as weak chelators and thus increase the
availability of soluble portion of non-haemeiron and promote absorption of
iron from non-haeme food.

Extrinsicintraluminal factors such asbran, hemicellulose, cellulose,
pectin, phytic acid, and polyphenolic compounds decrease iron absorption.
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Metalslike calcium, magnesium, zinc, lead, cobalt, manganese, and strontium
interferewithiron absorption by competitiveinhibition of iron absorption, by
blocking theiron uptake at mucosal level, or by occupying the receptor sites
ontheenterocytes. Lead isnotoriousinthisregard and it is quite hazardous
in the case of children. Antacids, possibly including H receptor blockers,
interfere with the absorption of iron from the gut. Laétoferrin present in
human milk isapromoter of iron absorption (Bothwell et al 1979, Dallman
1989, and Beard 2001). Beverages like coffee and tea largely reduce the
iron absorption. India as atea and coffee drinking nation, transgressing all
the socioeconomic barriers, would naturally be at great risk of being anation
of anaemic subjects. Alcohol in the diet influences absorption of ferric
chloride by stimulating gastric acid secretion, chronic alcoholism severely
interferes with the absorption of iron.

Thereisarelationship between the dose of iron saltsand the quantity
absorbed. Although the percentage of iron absorbed dropswith theincrease
inthe dosage, thereisaprogressiveincreasein the amount of iron absorbed.
Vaency of iron also plays an important role in the absorption of iron.
Absorption of ferric salts from alarge dose of iron islessthan half that of
ferrous salts. Thisisascribed to the poor solubility of ferriciron oncethe pH
risesabove 3 and very few moleculesof ferricionsremainin solution above
pH 5.

Although small amountsof iron can be absorbed from the stomach,
theileum, and the colon, amajor portion of iron absorption takes placeinthe
upper part of the small intestine, viz., duodenum and upper jejunum. The
physical state of iron entering the duodenum greatly influencesthe absorption
of iron. At physiological pH, ferrous iron (Fe?) is rapidly oxidised to the
insoluble ferric (Fe*) form. Gastric acid lowers the pH in the proximal
duodenum enhancing solubility of ferriciron which facilitatesits absorption.
Gadtric acid has an important role in the absorption of the non-haemeiron
fromthefood. Non-haemeiron absorptionisseverely affected in achlorhydria
and gastrectomised individuals (Bothwell et al 1979).

Regulation of Iron Absorption

Theabsorption of ironin humansisameticuloudy regulated process,
which helps to serve the physiological functions but prevents iron
accumulationin the body. Two distinct stepsareinvolved in the process of
absorption of iron— firgt, ‘uptake’ - theentry of ironintothemucosal cells
from thelumen of the gut and, second, its*transfer’ —from the mucosal cell
into the body. All theiron taken up from the lumen into the mucosal cell is
not transferred into the body. Depending upon the needs of the body, variable
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proportion of theiron may be sequestrated in the mucosal cell and eventually
discarded when the mucosal cell is exfoliated. Transfer is a much slower
processthan uptake and is more restricted to duodenum. It is modulated by
the factors such as size of the body iron stores and quantity of iron in the
diet (Bothwell et al 1979).

The uptake of iron ismediated by a series of receptors and binding
proteins. Ironispresented for absorption in two kindsin thelumen of intestine
— the haeme and non-haeme iron. The mucosal cells take up haeme iron
readily because of its porphyrin content. After binding to its receptors, the
haeme iron is internalised after the iron is released by the enzymatic
degradation. On the other hand, non-haemeiron isbound to binding proteins
and then carry into the cell with the hel p of specific transporters present on
the surface of the mucosal cells. Within the mucosal cell non-haemeironis
bound to an iron binding protein and is transferred to ferritin or to the
basolateral side of the mucosal cell. Iron isthen either lost when the cell is
exfoliated or bound to transferrin and absorbed into the circulation (Beard
et al 1996).

Factors Involved in the Regulation of Iron Absorption

Two important factors are involved in the regulation of iron
absorption. Themucosal factorsinclude availability of functional absorptive
surface for absorption of iron, i.e., duodenum and jejunum from where a
major portion of ironisabsorbed. Thefunctional integrity of thissurfaceis
of crucial importance for the absorption of iron. The other somatic factors,
includeiron status of the person, low plasmalevelsof iron, increased levels
of erythropoietin, and hypoxia. All these factors up regulate the iron
absorption by signaling its absorption from the mucosal cells (Bothwell et al
1979 and Beard et al 1996).

Iron Storage and Mobilisation of Body Iron Stores

Ferritin and hemosiderin are the magjor storage compounds which
arepresentinliver, reticuloendothelial cells and bone marrow. Iron storage
in the body depends upon the iron status of the individual. The storage
concentration varieswidely from 0to 15mg/kg body weight and it can happen
without any apparent impairment of body functions. Storage iron may be
entirely depleted before iron deficiency anaemia develops. On the other
hand, in iron over-loading, the storage may increase by 20 fold before the
tissue damage becomes apparent (Bothwell et al 1979, Dallman 1990, and
Beard et al 1996).
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Stored iron isnot distributed uniformly. Liver contains 60 per cent
of the ferritin in the body and the remaining 40 per cent is found in the
muscle, bone marrow, and spleen. Contribution of storageiron to thetotal
body iron varies widely from about 12 per cent in women to 25 per centin
men.

HAEMOGLOBIN

Haeme Proteins

Porphyrins are the precursors of haemoglobin —thered respiratory
protein present in the erythrocytes. Porphyrinsare cyclic compoundsformed
by thelinkage of four pyrroleringsthrough methyl bridges. Characterigtically,
porphyrins form complexes with metal ions bound to the nitrogen atom of
the pyrrole rings (Murray 2000). The two best known porphyrin metal
complexes which occur in abundance in the universe and have the greatest
physiologicd functionsarethe Chlorophyll, the magnesium (Mg?*) porphyrin
complex and its near cousin the iron porphyrin complex, the Haeme of
haemoglobin. Both are widely distributed and are of greatest physiological
importance. Chlorophyll isinvolved in the synthesis of the energy substrate
inthe plant kingdom. Virtually al the energy availablefor lifeintheearth’s
biosphere, the zone in which life can exist - is made available through
photosynthesis (Microsoft 1998).

Haeme consists of a protoporphyrin ring and a central iron (Fe)
atom. The protoporphyrin ring is made up of four pyrrole rings linked by
methylene bridges. Theiron can either bein the ferrous (Fe*?) the reduced
or the ferric (Fe*®) the oxidised state. Haeme proteins perform the vital
physiological functionsof oxygen binding, oxygentransport, electron transport,
enzymatic reactions, and photosynthesis (Rodwell 2000). Physiologically
important haeme proteins are myoglobin, haemoglobin and cytochrome
enzyme complexes.

Myoglobin

In the muscle, myoglobinisan oxygen-storage protein. Myoglobin
is a monomeric, i.e., single chain haeme protein found mainly in muscle
tissue where it serves as an intracellular storage site for oxygen. During
periods of oxygen deprivation such as severe exercise or physical activity
oxymyoglobin releases its bound oxygen which is then used for metabolic
purposes. Haemogl obin repl eni shes the oxygen supply to myoglobin.

Haemoglobin
Haemoglobin is an oxygen carrying protein found in erythrocytes.
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Being atransport protein, it transports oxygen (O ), carbon dioxide (CO ),
and proton (H*) in the body. Haemoglobin is atetfameric, globular protein
(i.e., folded into a compact, nearly spherical shape) and consists of four
sub-units of haeme. Each sub-unit of haeme contains an iron atom that is
capable of binding reversibly to one molecule of oxygen (O ). Therefore,
each unit of haemoglobin can bind four molecules of oxygeh that diffuse
into the bl oodstream from the lungs and then transport it to outlying tissues
where it isreleased primarily for aerobic respiration. The oxygen binding
variesfrom fully “unsaturated” haemoglobin (deoxyhaemoglobin) to fully
“saturated” haemoglobin (oxyhaemoglobin). During the process of this
combination theiron atom remainsinferrous(Fe ) state, i.e., reduced state.
Therefore, the reversible combination of oxygeritith theiron isknown as
oxygenation (chemically the process is an association) (Dewhurst et al
1986, and Casiday and Frey 2000).

The binding of oxygen to the first sub-unit of Hb significantly
enhancesthe binding of oxygen to the adjacent sub-units. Thisinterpretation
impliesthat the affinity of oxygen for thefirst sub-unitisdifferent from that
for the fourth sub-unit. It is due to the fact that each oxygen molecul e that
binds to haemogl obin mol ecul e increases the attraction of haemoglobin for
the next oxygen moleculetill the available binding sitesfor haemoglobin are
saturated.

Foetal Haemoglobin

The haemoglobin produced during the early foetal lifeisdistinctly
different from the haemoglobin found in normal adults. This type of
haemoglobin isknown asfoetal haemoglobin or Haemoglobin F. Although
foetal haemoglobinisproduced exclusively inthe beginning, by about the 6
week of intrauterine life the production of adult type of haemoglobin also
appearsin thefoetus. At times, about three fourths of the total haemoglobin
of the foetus is normally haemoglobin F. The proportion of the foetal
haemoglobin decreases gradually in the first six to twelve months of life
(Cunningham et al 2001). Delay in the transition from the foetal to adult
type of haemoglobin has been noted in conditions of maternal hypoxia(i.e.,
reduced oxygen in the maternal blood) in infants of the diabetic mothers,
and in infants small-for-gestational age (Stockman 111 1990).

Structurdly and functionally, thefoetal haemoglobinisdifferent from
adult haemoglobin. The functional differenceisthat at any given oxygen
level andidentical pH, thefoetal haemoglobin binds more oxygen than normal
haemoglobin. The increased affinity of foetal haemoglobin for oxygen is
duetothefact that the foetal haemoglobin bindsto 2,3- Diphosphoglycerate
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(2,3-DPG) lessavidly than the normal haemoglobin. Itisinteresting to note
that concentration of 2,3-DPG increases in maternal erythrocytes during
pregnancy. The higher oxygen affinity of the foetal haemoglobin helpsin
extracting more oxygen to meet the needs of the embryo and the foetus,
from the lower oxygen levels that prevail in the intrauterine environment.
An important functional aspect of the foetal red cells is their relatively
nondeformabl e character (Stockman I11 1990 and Cunningham et al 2001).

Estimation of Haemoglobin Levels and Population Screening

Although the prevalence of iron deficiency anaemiais believed to
be fairly widespread among the Indian population, it has not been studied
extensively. The anecdotal information about the prevalence levels of iron
deficiency anaemia does not support the cause of large-scale intervention
as preventive measures. Considering these lacunae, for the first time in
India, the Nationa Family Health Survey (NFHS-2) undertook haemoglobin
measurements among women in the reproductive age 15-49 years and their
children age 0-36 months across the country covering all the 26 states.
Even though the NFHS-2 provides state level data on the prevalence of
anaemia, the extent of the prevalence of iron deficiency anaemiastill remains
elusive.

Anaemiadueto iron deficiency can bediagnosed by clinical findings,
haematol ogical and biochemical tests. Whiletheclinical signsand symptoms
of iron deficiency are crude, subjective, nonspecific, and least accurate in
theinitial stagesand becomeremarkablein the severeform of iron deficiency
anaemia, they arenot reliablefor diagnosis or screening purpose (DeMaeyer
et al 1979 and Filteau 1995). Diagnosis can be established with greater
precision with the help of biochemical and hematological tests. The
biochemical testsfor the diagnosis of iron deficiency anaemiasuch as serum
ferritin, serum transferrin saturation, total iron binding capacity (TIBC), serum
transferrin receptor concentration, free erythrocyte protoporphyrin
concentration are highly complex and need sophisticated laboratory set up
and hence, are unsuitabl e for population based screening purpose (Dallman
1989, Yip 1989).

On the other hand, the hematological tests have distinct advantage
over the biochemical testseven though their precisionisslightly lower. The
greatest advantageisthe easy accessibility of the cell components necessary
for the assessment and well-established test procedures (Dallman 1990).
Haematocrit (packed cell volume - PCV), haemoglobin measurement, red
cell indices such as mean corpuscular volume MCV) and mean corpuscul ar
haemoglobin (MCH) and mean corpuscular haemoglobin concentration
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(MCHC) are established common hematol ogical testsfor which cutoff values
have been derived. However, in clinical practice, haematocrit and
haemogl obin measurements are the most widely used and easily understood
tests for detecting the iron deficiency anaemia (Dallman 1979, DeMaeyer
et al 1989, Yip 1989 and Filteau 1995).

In population screening, anaemia is used as a proxy for iron
deficiency because of their strong association. Similarly, haemoglobin
measurement is taken as a proxy for the iron levels, as the haemoglobin
level isthe last of the indicators affected by iron depletion. Theoreticaly,
haemoglobin measurement would be more sensitive than haematocrit as
thereduction in the synthesis of haemoglobin precedesthe reductionin red
cell volume or numbers (Yip 1989). Haemoglobin estimation is one of the
best methods for population screening for iron deficiency anaemia
(DeMaeyer et al 1989, Yip 1989 and WHO/UNICEF/UNU 2001). Although
haematocrit is one of the suggested methods for screening, more often,
haemogl obin estimation has been the preferred method used for population
screening.

A number of quantitative and semi-quantitative methods of measuring
haemoglobin levels have been practised. Two very informative manuals -
AnaemiaDetection Methodsin L ow-Resource Settingsin Health—aManual
for Health Workers (1997), and Anaemia Detection in Health Services:
Guidelines for Managers, 2™ Edition (1996), published by Program for
Appropriate Technologiesin Health (PATH)/OMNI/USAID, outlineall the
methods used for measuring the haemoglobin levels. Recently, the World
Health Organisation has come out with a haemoglobin colour scale for
screening purpose especialy for use in remote areas in the developing
countries. The colour scale comeswith animprovised colour scaleindicating
six levels of haemoglobin and supplied with strips of Whatman 31 ET Chr
filter paper. The colour scaleis standardised for haemoglobin range 4, 6, 8,
10, 12, and 14 g/dl. The procedureissimilar to the earlier filter paper method
(Tallqvist). Considering the variationsin reading the colour scalein anumber
of studies reported by the WHO in support of the product, it appearsto be
quite subjective and does not hold great promise.

Haemogl obin measurement can be made either using capillary blood
from skin puncture or venous blood drawn from venepuncture. Skin puncture
iseasy and safer to performin field conditions. However, the haemoglobin
values obtained from capillary blood isslightly lower than the venous blood
and isin the range of 0.5 and 1.0 g/dl. Accuracy of large scale screening
programmeswill not be significantly affected by the small variation of 0.5 ¢/
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dl (DeMaeyer et al 1989). Capillary blood isdrawn from thewarm fingertip
in adults and children and from the heel in infants with the help a sterile
lancet which is generaly used for the analysis.

Haemoglobin M easur ement

Of the several methods of measuring haemoglabin, currently two
methods are considered as standard methods. In both of these methods,
haemoglobinisconverted into stable compounds, the concentration of which
isdetermined by matching its colour in aspectrophotometer or photoel ectric
calorimeter.

Direct Cyanmethaemoglobin Method: Cyanmethaemoglobin is formed
by the haemogl obin when a specified quantity of blood (20 ul) isaddedto 5
ml of Drabkin’s solution and allowed to stand for 2 — 4 hours. The colour
density of resulting solution is read in a spectrophotometer at a light
wavelength of 540 nm against ahaemoglobin standard blank solution. This
method, known as the direct cyanmethaemoglobin method, is the best
laboratory method, whichisvery popular and regarded asthe Gold Standard
for haemoglobin measurement (DeMaeyer et al 1989, Yip 1989, Filteau
1995 and Sari et al 2001). It requireslaboratory set up, experienced technical
staff, and spectrophotometer, hence, described as difficult to useinthefield
studieslike population surveys.

Indirect Cyanmethaemoglobin Method: To overcome the technical
difficulties, adifferent version of the cyanmethaemogl obin technique, known
asindirect cyanmethaemogl obin method, isbeing used in some population
surveys. In this procedure, 20 ul of the blood is measured precisely and
transferred on to aWhatman No. 1 filter paper and allowed to dry at room
temperature. After the blood has dried, the filter paper is inserted into a
small plastic bag (one sample per bag) whichisappropriately labeled witha
lead pencil and then placed in an envelope and sent to the laboratory for
analysis. Thefilter paper with thedried blood sampleisplaced in atest tube
containing 5 ml of Drabkin’s solution and allowed to stand soaking for 2
hours after vortexing it for five minutesinitially. Thenthesolutionisreadin
aspectrophotometer at alight wavel ength of 540 nm. Thetransit and storage
time for the dried sample is between 6 days (ICMR 2001) and 2 weeks
(Sari et al 2001).

The absolute prerequisite for using cyanmethaemoglobin to
determine haemoglobin concentration is to dilute the blood 250 times its
volume of Drabkin’s solution. Blood samples can be collected in the field,
diluted with precisely measured Drabkin’s solution and transported to the
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laboratory within afew hoursfor analysiswithout spillage and evaporation
if facilitiesareavailable.

HemoCue method: It is a portable haemoglobin measurement system
consisting of a specially designed photometer and microcuvettes. It is a
direct measurement of haemoglobin from apreciseamount of (10 ul) undiluted
blood. Inthismethod, the RBCsin the sample of blood are disintegrated and
the haemoglobin is released which is oxidised and converted into
azidemethaemoglobin. Theblood filled microcuvetteis placed onthe cuvette-
holder of the photometer and cuvette-holder ispushed into measuring position
and within 30-50 secondsthe direct reading will appear on the display panel.
Remeasurement is possible and can read in 10-20 seconds.

Functions of Haemoglobin: Oxygen and Carbon Dioxide Transport

Oxygen transport is a highly dynamic process with oxygen
continuously being exchanged between the lungs and the capillaries. Each
gram of haemoglobin can uptake 1.34 ml of oxygen and therefore, 100 ml of
blood containing 15 grams of haemoglobin will uptake 19.5 ml of Oxygen.
Ontheother hand, 200 ml of blood will contain 0.3 ml of oxygenin solution.
Therefore, haemogl obin increases the oxygen carrying capacity of blood by
70 —fold (Dewhurst et al 1986).

Oxygen forms 21 per cent of the composition of dry atmospheric
air at sealevel. Anadult at rest normally consumes an equivalent of 250 ml
of oxygen per minute. The oxygen carrying capacity of normal bloodis200
ml per litre. Assuming that the resting cardiac output (blood pumped by the
heart while at rest) of 5 litres per minute with a normal oxygen carrying
capacity of 200 ml per litre, one litre of oxygen can be delivered to the
tissues in the body per minute. Of this, the tissues extract 25 per cent and
the remaining 75 per cent returns to the heart through venous blood. The
oxygen consumption of 250 ml per minute at rest isachieved by delivering 1
litre of oxygen to the peripheral tissues. At times of extreme exertion or
physical activity oxygen delivery isincreased to 3.2 litres per minute, of
which 75 per cent is extracted by the tissues and 25 per cent returned to the
heart giving an oxygen consumption of 2.4 litres per minutewhichisamost
10 times that at rest (Dewhurst et al 1986).

Oxygen Dissociation Curve

Oxygen binds to the iron atom in the haeme molecule by a very
simplechemical reaction known as association in which the oxygen molecule
is bound to the iron atom without any interaction or formation of a stable
chemical substance. The association of oxygen takes place in the lungs
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against ahigher gradient of oxygen present intheinspired air in the lungs.
Asthe oxygenated haemoglobin in the blood reaches the tissues where the
gradient of oxygen inthetissuesislessthan that of oxygenated haemoglobin,
the oxygen starts off-loading by another chemical process known as
dissociation. The cycle is a continuous one as the haemoglobin in the
erythrocytes shuttles between the lungs and the tissues through blood
circulation. Severa factors promote or inhibit the process of oxygen
dissociation inthe body. The oxygen dissociation curveisagraphic expression
of the process of oxygen dissaciation in the body. The oxygen dissociation
curve explains the physiological conditions which modulate the oxygen
offloading from the haemogl obin into the body tissues.

Proton (H*) promotesthe dissociation of oxygen from haemoglobin.
Asthe pH decreases, dissociation of oxygen from haemoglobin isenhanced.
Thisphenomenon isknown asthe Bohr effect. Carbon dioxide also promotes
thedissociation of oxygen from haemoglobin. Carbon dioxide exertsits effect
on haemoglobin mainly through the release of Proton (H*). 2,3
Diphosphoglycerate (2,3-DPG) isproduced withinthered cellsand in higher
concentrations promotes dissociation of oxygen from haemoglobin. 2,3-DPG
isnegatively charged and bindsto apositively charged pocket on haemoglobin
within the red cell. Foetal haemoglobin has a higher affinity for oxygen
because it has alower sensitivity for 2,3-DPG. The concentration of 2,3-
Diphosphoglyceratein the stored blood decreases significantly resultingin
decreased oxygen dissociation when such blood is transfused. Increase in
body temperature increases oxygen dissociation (Churchill-Davidson 1986).

Normal Range of Haemoglobin Levels

Iron levelsinthe body are estimated by measuring the haemoglobin
levelsin theblood, and it iscommonly donein thelaboratory. It isafirmly
established and well-accepted practice in clinical medicine to measure the
levels of haemoglobin as a proxy for the iron levels in the body. The
measurement of haemoglobin levels has advantages, for it can be used not
only in the clinic settings but also effectively in population surveys.
Haemoglobin levelsin the blood are expressed in rangessinceits content in
the blood varies according to age, gender, and nutritional status of the people
(Table 1.2). These levels are expressed for the people living at sea levels.
Appropriate adjustments have to be madein the measurement of haemoglobin
levels of peopleliving at high atitudes, altitudes greater than 1,000 metres
and smokers. Since the former will have higher levels of haemoglobin in
response to the reduced levels of oxygen at higher atitudes, the latter will
have higher levels of haemoglobin in response to the chronic inhalation of
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carbon monoxide. In practice, a correction factor of 4 per cent per 1,000
metres is added in surveys, but alinear correction factor such as this has
been disputed based on large scal e studies of haemoglobin levelsat different
heights (Berger et al 1997).

Table 1.2 : Normal Haemoglobin Ranges

Population Haemoglobin (g/dl) Haematocrit (per cent)
Infants (full term) 105-195 32-60
Children (1-9years) 11.0-14.0 33-40
Children (10—12 years) 115-15.0 35-45
Men (adults) 13.0-18.0 40-50
Women (adults) 12.0-16.0 36—-44
Pregnant women 11.0-14.0 33-42

Source: PATH 1997

Oxygen and Energy Metabolism

Energy is essential to maintain the internal milieu or homeostasis
and to support electromechanical activity of the organism. Food supplies
the energy necessary for the normal physiological functions and physical
activity of the body to sustain life. Food isthe source of energy and it is
variableto agreat extent depending upon itsavailability and energy content
(Delvin and Horton 1990 and Szepesi 1990).

Energy Production in the Body

Energy isnecessary to sustainthevital physiological functions, such
as the basal metabolic rate (BMR), the thermogenesis, and the extent and
energy cost of physical activity (Shetty 1989). The Adenosinetriphosphate
(ATP) — a high-energy phosphate, is the principal store of energy in the
body as it is produced, stored, and utilised in the tissues for their energy
needs. Both the production and storage are ultra short in duration. Glucose
serves as principa substrate in the energy metabolism and the processis
known as oxidative phosphorylation. Theefficiency of energy productionin
the tissues from the glucose is determined by the availability of oxygen at
thecdlular level (Churchill-Davidson 1986 and The Biology Project 1996)*.
Thisisavery important aspect of metabolism as the availability or lack of
oxygen makes a great deal of difference in the production of energy
necessary for the bodily functions of theindividuals.

In the presence of oxygen, glucose combines with adenosine
diphosphate (ADP) to produce Adenosine triphosphate (ATP) through a
! See, The Biology Project of the University of Arizone (1996).
(www.biol ogy.arizone.edu/biochemistry).
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complex biochemical reaction. ATP is regarded as the universal currency
of biological energy. Inaerobic metabolism, i.e., inthe presence of oxygen
one unit of glucose supplies energy equivalent to convert 36 molecul es of
adenosine diphosphate into 36 molecul es of adenosine triphosphate (ATP)
with therelease of water and carbon dioxide. ATPishydrolysedinthecells
as and when the need for energy arises (The Biology Project 1996, Mayes
2000). This is an aerobic process in which 38.3 per cent of the energy
released from the glucoseis captured in ATP bonds.

On the other hand, in the absence of oxygen at the tissue level the
production of ATP takes an alternative route, viz., anaerobic metabolism.
During anaerobic metabolism a mere two ADP molecules are converted
into two molecules of ATP with the energy derived from the same amount
of glucose utilised in aerobic metabolism. Thus, during the anaerobic
metabolism of energy productioninthe body ishighly inefficient —just about
five per cent as efficient as the aerobic metabolism.

Metabolic Implications

Availability of oxygen at thetissue level iscritical for the efficient
production of energy inthebody at rest aswell asduring physical activity of
various degrees. Under normal physiological conditions oxygen for such
vital activitiesis supplied to thetissues by the haemoglobin contained in the
circulating red cells. Haemoglobin uptakes oxygen from the lungs and
downloadsit to the tissues. Normal levels of haemoglobin are sufficient to
meet the oxygen requirements of the tissues in the body at rest and will
have sufficient reserveto meet theincreased oxygen demand during physical
activity. Normal individuals depending upon their age, sex and body mass
will have natural endowment of haemoglobin. There can be physiological
variationsin thelevels of haemoglobin which are considered normal (Table
1.2).

Normally nourished individuals have sufficient quantity substrate
availablefor the production of energy inthe body. They also possessequally
sufficient compliment of haemoglobin to supply oxygen for the production
of energy required for the thermodynamic functions of the body. Thisisthe
normative physiologica function.

The economic output of anindividual istheresult of energy produced
through the physiologica processinthe body anditsutilisation for the physica
activity. The body uses the substrate (glucose obtained from food) and in
the presence of oxygen produces energy in theform of ATP and suppliesit
to the target tissues like vital organs and the muscles. Thus, the functional
capacity of the body isexpressed as efficient functioning of thevital organs
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and the output generated by the physical activity. It can be represented as:
Economic output of the Individual = Energy reserve + Musculoskeletal and

(Physical capacity / Neurological capacity

Intellectual outputy D

O =Energy available+ Physical capacity ...... ()

Productivity = Energy Produced + Physical capacity to
utilisesuchenergy ... (©)]

IRON DEFICIENCY ANAEMIA: THE PANDEMIC

Its Prevalence

Iron deficiency is the most common form of malnutrition with a
worldwide prevalenceinitialy believed to be affecting more than two billion
people around the world throughout their life cycles (Draper 1997, Berger
et al 1997, Stoltzfus and Dreyfuss 1998, WHO/UNICEF/UNU 2001). Itis
recognised that if anaemia affects more than 40 per cent of a population,
virtually the entire population is likely to be iron deficient (Filteau 1995).
Therefore, itisapublic health problem of ahuge magnitude, more specifically
in the devel oping countries and to some extent in the devel oped countries.

Total Population

Figure 1.2: Concepiual Disgram of the Relatomshipbetesn Tron
Dieficiency and Anaemia in a Hypotheical Population

Souwrce: Adopted from Yip 1989
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Basically, prevalence of anaemia is a statistical concept than a
physiological one (Sari et al 2001). The current estimates of prevalence of
iron deficiency and anaemiais between alow of 2 billion (at a prevalence
rate of 30 per cent) and a high of 5 billion (at a prevalence rate of 80 per
cent) (Stoltzfus 2001). Theformer can beregarded asiron deficiency anaemia
and the latter asiron deficient - with or without anaemia.

For the purpose of public health, the prevalence of iron deficiency
can beclassified into four grades depending upon the preval ence of anaemia
in agiven population (WHO/UNICEF/UNU 2001).

Table 1.3: Public Health Significance of Iron Deficiency Anaemia

Category of Public Prevalence of Anaemia
Health Significance (per cent)
Severe >or =40
Moderate 20.0-39.9

Mild 50-19.9
Normal <or=49

Source: WHO/UNICEF/UNU 2001

Prevalence of Iron Deficiency in India

There are no population-based anaemia surveys in India, which
can provide prevaencelevel s of iron deficiency anaemiaacrossthe country
for the entire population. The National Family Health Survey -2 (NFHS-2)
and the Reproductive and Child Health — Rapid Household Survey (RCH-
RHS Il Round) are being selective population-based studies. Therefore,
they cannot be considered asrepresentativein naturefor the entire popul ation.

The National Family Health Survey — 2 (NFHS-2 1998-99) isthe
first ever nationwide study of iron deficiency anaemiaby direct measurement
of haemoglobin in ever married women in the reproductive age 15 - 49 and
their children under three years of age. Overall, 52 per cent of the women
have some degree of anaemia while 74 per cent of their children have
similar degree of anaemia (I1PS/ORC Macro 2000). The recent multicentre
study by the Indian Council of Medical Research in sixteen districts of
eleven states has indicated an overall prevalence of 84.9 per cent among
pregnant women and 90.1 per cent among adolescent girls (ICMR 2001).

Epidemiology

The prevalence of iron deficiency varies widely according to host
factors like age, gender, physiological, pathological, environmental and
socioeconomic status (Sari et al 2001).
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Age: Normal full term infants will have adequate haemoglobin and iron
stores. Iron requirements of the body increase with the growth peaking at
theinfancy, childhood, and adolescence. Inwomen, iron requirementswill
increase during the reproductive years and may also in old age due to hypo
alimentation.

Gender: Iron deficiency can occur among females during adolescence, as
demand for iron will peak at that time of life cycle.

Physiological status: Pregnancy and lactation impose higher demand for
iron since the foetus is dependent on the mother for iron irrespective of the
iron status of the mother. However, amenorrhea during lactation may help
to balance the iron loss to some extent.

Pathological state: While common chronic and recurrent infections suppress
hemopoiesisleading to anaemia, parasitic infestations—likemalaria, lead to
haemolysis, intestinal infestations cause blood |ossfrom theintestine leading
to chronicironloss.

Environmental factors: The extensive preval ence of hookworm infestation
inthetropicsisan important cause of anaemiain varying degrees. Necator
americanus is more notorious and has greater prevalence in India than
Ancylostoma duodenale. Intestinal worm load is directly proportional to
the loss of blood (Stoltzfus and Dreyfuss 1998). Low iron content of food
and/or low bioavailability of iron in the food consumed and availability of
other nutrients necessary for hemopoiesis are the other factors leading to
iron deficiency anaemia.

Socioeconomic status: Iron deficiency is common among the
socioeconomically disadvantaged segments of population (WHO/UNICEF/
UNU 2001).

Iron Nutritional Status: Iron Deficiency and Iron Deficiency Anaemia

Iron deficiency isastate of diminished total body iron content. Iron
deficiency is defined as a condition in which there are no mobilisableiron
storesand in which signs of compromised supply of irontotissues, including
theerythron, arenoted. Iron deficiency isaworldwide major public health
problem with an incidence of greater severity in the devel oping countries.
Inany population, iron deficiency occursin three different stages depending
upon the degree of iron depletion in the popul ation or theindividual. Thefirst
of the three stages is the stage of iron depletion. It is a state in which the
body iron stores are depleted without any effect on the essential iron
compoundsin the body or their function. The second stage is the stage of
iron deficiency without anaemia. This stage is characterised by lack of
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iron sufficient for normal production of haemoglobin and other iron
compounds but the haemogl obin concentration does not fall below thelevels
indicative of anaemia. The third stage is a frank iron deficiency anaemia
wherein the production of haemoglobin is depressed below the normal
reference levels for individuals of same age and sex (Bothwell et al 1979,
Dallman 1990). Thus, iron status can be considered as a continuum from
iron deficiency to iron deficiency anaemia (WHO/UNICEF/UNU 2001).

Cut-off Values of Haemoglobin for Defining Iron Deficiency Anaemia

Distribution levels of haemoglobin vary widely across all ages,
gender, and physiological state of normal population aswell as people affected
by iron deficiency. It is necessary to define levels of haemoglobin and
establish ‘ cut-off’ valueswhich separate the anaemic popul ation from non-
anaemic population. In the absence of accurately conducted large-scale
population surveys for estimating the typical haemoglobin levels among
different populations across the world the following haemoglobin values
giveninthetable are generaly agreed upon as acceptable ‘ cut-off’ values
with the notion that there are large variations across the popul ations (Table
14).

Grading of Iron Deficiency Anaemia

The iron deficiency anaemiais further graded, though arbitrarily,
into mild, moderate, and severe grades depending upon the haemoglobin
values. Besidesrecognising the severity of the diseaseinstantaneousdly, this
grading a so hel ps asamanagement tool for the care of iron deficient people
andintheimplementation of preventive measuresto containtheiron deficiency
anaemia. Population surveys have been using this grading to estimate the
levelsof prevalenceintheir populations. The National Family Health Survey
—2(NFHS-2) and Reproductive and Child Health— Rapid Househol d Survey
Il Round (RCH-RHS) as also some of the Demographic Health Surveys
(DHS) elsewhere in the world have used this grading.

Iron deficiency anaemiais considered as mild when the haemoglobin
values are 80 per cent and above, moderate between 80 per cent and 60 per
cent and severe when less than 60 per cent of the cut-off levels. In other
words, iron deficiency anaemiaisdiagnosed as mild when the haemoglobin
concentration above 10 g/dl but bel ow the cut-off level, ismoderate between
7 and 10 g/dI, severe when the concentration of haemoglobin isbelow 7 ¢/
dl and very severe when concentration of haemoglobin is below 4 g/dl
((DeMaeyer et al 1989 and PATH 1997) (Table 1.5).

26



Table 1.4: Haemoglobin and Haematocrit Levels Below Which
The Population is Considered as Anaemic

Age or Gender Group Haemoglobing/dl  Haematocrit per cent
Children 6 months

to 59 months 1.0 33

Children 5-11 years 15 A

Children 12 — 14 years 12 36
Non-pregnant women

(Above 15 Years of Age) 12 36

Pregnant women 1n 3

Men (above 15 years of age) 13 39

Sour ce: Baker and DeMagyer 1979, DeMaeyer et al 1989, WHO/UNICEF/UNU,
2001

Table 1.5: Grades of Iron Deficiency Anaemia

Grades of Anaemia Haemoglobin Values
Mild <11.0g/dl but > 10.0 g/dlI
Moderate 7.0g/dl -10.0g/dl
Severe <7.0g/d
Very Severe* <4.0g/d

* (PATH 1997)

MORBIDITY-ATTRIBUTABLE TO IRON DEFICIENCY
ANAEMIA

Manifestations of Iron Deficiency Anaemia

Iron deficiency and iron deficiency anaemia result in a broad
spectrum of physiological and pathological consequencesin the populations
affected. The morbidity affects the entire life cycle of human beings right
from the foetus to the elderly. The spectrum of affliction is quite wide and
comparableto that of the very wide preva ence of the nutritional deficiency.
Perhaps, it portends greater morbidity among the popul ations of thedeveloping
countries who suffer the worst of iron deficiency.

Iron deficiency insidiously affects physiological functionsranging
from very minute molecular function such as electron transport within the
cell totissuesand organ systemswith innocuousto profound morbidity. The
range of affliction spans from the highly sensitive brain cellsto the rugged
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prime movers, the musclesin the body.

The functional consequences of iron deficiency are a continuum,
basically due to decrease in oxygen supply to the tissues and the level of
morbidity isproportionate to the deficit in oxygen supply to thetissuesof the
body (Beard 2001). There is overwhelming evidence which indicates the
six broad areas of outcome due to iron deficiency and/or iron deficiency
anaemia(Stoltzfus2001). Theseinclude, foetal development and child growth,
psychomator and cognitive development, pregnancy outcome, endocrine
and neurotransmitters production, work capacity and productivity, and
resistance to infection and immunity (WHO/UNICEF/UNU, 2001).

Iron Deficiency Anaemia and Pregnancy Outcome — The
Reproductive Morbidity

Iron deficiency with its very wide prevalence virtually affects all
femalesin the devel oping countriesthroughout their life-cycle. Poor nutrition
affectswomenin childhood, increased nutritional demand during adol escence,
and repeated pregnancies placethemin perpetual iron deficiency throughout
their adulthood. The cycle perpetuates as underdevel opment and consequent
mal nutrition, including the micronutrient deficiencies, continues to affect
large segments of the people. Currently in India, theiron deficiency anaemia
has almost assumed the proportion of intergenerational prevalence. The
sinister cycle of “anaemic mother begetting - anaemic offspring - growing
to become anaemic mother” is getting firmly established.

Anaemiaisacommonly prevalent major medical condition—anon-
obstetric maternal risk factor during pregnancy in India as well as among
other developing countries. It affects a very large number of women. It is
oneof theleading causes of obstetric morbidity and mortality. Iron deficiency
anaemiaincreases maternal mortality, prenatal and perinatal foetal lossand
prematurity (WHO/UNICEF/UNU 2001).

Anaemiaaffectsall segments of populationin varying degrees but
itsprevalenceincreaseswith lower levelsof education, socioeconomic status,
poor housing and sanitation, lower ageat marriage, short birthinterval, higher
birth order, and women with poor antenatal care (Thangaleela and
Vijayalaksmi 1994, and Rao 1992).

Mild and moderate anaemia may not have produced very obvious
effects but for the fact that with the progress of the pregnancy the iron
status of the women deteriorates. Incidence of antepartum hemorrhage,
preterm delivery, postpartum hemorrhage, maternal mortality, mild to
moderately increased cardiac output (heperdynamic circulation), progressing
cardiac failure, thrombophlebitisand thromboembolic phenomenon, puerperd
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infections, stillbirths are most frequently seen maternal complications of
iron deficiency anaemia (Whitfield 1988, Raman 1989, Bhatt 1992, and
Sharma2003). Practically al the complications of pregnancy are aggravated
guantitatively by anaemia (Donald 1986). In arecent analysis, Brabin and
his colleagues have estimated the relative risk of mortality associated with
moderate anaemia (Hb 4-8 g/dl) as 1.35 (95 per cent confidence interval -
Cl) and for severe anaemia (Hb < 4.7 g/dl) as 3.51 (95 per cent Cl). Inthe
absence of sufficient data in developing countries about the adolescent
anaemiarelated mortality, it can only be presumed that onset of nutritional
anaemiaat an early age resultsin chronic anaemiathat perpetuates any risk
of anaemia related mortality through subsequent pregnancies. Frequent
antenatal care may reduce the risk (Brabin et al 2001).

The negative association between iron deficiency anaemia and
duration of pregnancy and low birth weight has been reported by a number
of scholars even though the causal factorsremain unproven. Therisk factors,
which operatefor both preterm delivery and intrauterine growth retardation,
are similar. The biological mechanism in operation is fairly complex. The
hypoxia caused by anaemia and iron deficiency per se lead to increased
serum concentration of noradrenaline which can cause maternal and foetal
stress, which can stimulate the synthesis of corticotrophin releasing hormone
(CRH). Elevatedlevelsof maternal corticotrophin releasing hormonearea
major risk factor for premature rupture of membranes, preterm labour,
pregnancy-induced hypertension and eclampsia. The foetal effect of the
increased corticotrophin releasing hormoneincreasesthefoetal production
of the cortisol elevated levels of which inthe foetuswill signal ahalt to the
foetal growth and proceed with foetal maturation processes. Maternal iron
deficiency may also increase the risk of maternal infections, which can
stimulate the synthesis of CRH. A significant association exists between
the maternal haemoglobin levelsand thefunctional capacity of the placenta
as expressed by the levels of human chorionic gonadotrophin (hCG) and
human placental lactogen (hPL) which have asignificant negative correlation
with maternal haemoglobinlevels (Allen 2001).

In an extensive literature review, Rasmussen (2001) has pointed
out the existence of a strong evidence for an association between maternal
haemoglobin levelsbirth size at birth, duration of gestation, and neonatal or
perinatal mortality. On aliberal interpretation of the data, the association
appearsto be U-shaped denoting arisein the proportion of low birth weight
infants (with adrop in the mean birth weight) when the maternal haemoglobin
levels are at the lowest or highest ends of the range. A similar U-shaped
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relationshipisalso known with maternal haemoglobin level sand neonatal or
perinatal mortality. Severe maternal anaemia (< 8 g/dl) is associated with
lower birth weight by about 200-400g than with higher maternal haemoglobin
levels(> 10 g/dl).

Iron Deficiency Anaemia and Physiological Functions

Iron deficiency anaemia constrains the supply of oxygen and
respiratory capacity of the musclesin the human subjectsas seenin exercise
physiology work performance. This physiological principlemay explainthe
possible reasons for the lag in the acquisition of new motor skills, motor
development, and physical activity as observed in the children with iron
deficiency anaemia. Thislimitation inthe acquisition of the motor function
as a biomechanical system will then extend to the area of cognitive
devel opment since the motor activity contributesto the alignment of visual
spatial perception and intersensory organisation. Delaysinlocomotion and
motor activity dow down accessto external sourcesof emotional regulations
and constrain the development of self-sufficiency and independence.
Children withiron deficiency are at greater risk of delaysin the acquisition
of appropriate systems of emotional regulation (Pollitt 2001).

In areview of a number of studies, Gratham-Mcgregor and Ani
(2001) find associ ation between iron deficiency anaemiaand poor cognition,
motor development and behavioural problems. Longitudinal studiesindicate
that children who were anaemic during infancy continue to have poor
cognition, school achievement, and behavioural problems during middle
childhood. Such children (< 2 years) do not benefit from short-term iron
therapy. Several mechanisms linking iron deficiency anaemia and atered
cognition have been proposed. One such mechanism is that it affects the
development of the structure and function of the central nervous system
(CNS).

Recent studies on auditory brain stem responses in children with
anaemia provide ameasure of the activation of auditory pathwaysfrom the
distal part of the acoustic nerve to the lateral lemniscus. The central
conduction time is considered as an indicator of central nervous system
development. The central conduction timeis prolonged in anaemic children
aged 6 monthswho areanaemic compared to non anaemic children. Recent
investigations have shown that children who were anaemic earlier had
latenciesinvisually evoked potentials. Such prolonged conduction time has
been attributed to the changesin the myelination. Studiesalso link the poor
development of anaemic children tofunctional isolation, asanaemic children
explore and move around their environment | ess than nonanaemic children
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and thus, induce less stimulating behaviour in their caretakers which is
necessary for acquiring new skillsby the children. Anaemic childrentend to
be morefearful, withdrawn, tense, unreactiveto usual stimuli, more solemn,
lessinvolved and more unhappy. They stay closer to the care takers, show
less pleasure, and are more wary, hesitant and easily tired, lesslikely to be
venturing on to potio or playing interactively with objects. These changes
areattributed to several biological mechanismsinwhichiron deficiency can
affect the child development (Grantham-McGregor and Ani 2001).

In an extensive review of studies from across the world,
Oppenheimer isof the opinion that in spite of the proven reversible functiona
immunological defects, aclinically important relationship between states of
iron deficiency and susceptibility toinfectionsremain controversial, difficult
to prove and may depend on other immune factors in the community.
Experimental andin vitro animal studies suggest that pathogenswhich spend
apart of their life-cycle intracellularly such as plasmodium, mycobacteria
and invasive salmonellae may thrive with the iron therapy. No deleterious
effects have been noted with iron therapy in non-malarious regions. Early
studiesindicate reduced respiratory infectionswith milk fortification. One
study hasindicated reduced infectiousmorbidity with ora iron supplementation
in anaemic school children. A number of studieson theimmune responseto
iron supplementation and therapy areinconclusive about the exact nature of
the preexisting immune status and the nature of response following iron
intervention. Severa cellular and humoral immune mechanisms have been
proposed and studied without any significant outcome (Oppenheimer 2001).

Iron is necessary for the pathogens as well as for the host. The
pathogens have evolved effective mechanisms of accessing micronutrients.
The pathogens obtainiron from the biological fluidsthrough the secretion of
sedirophores. The host also needs iron for mounting effective immune
response. If the host fails to sequestrate iron from the pathogens, the
unrestricted supply of ironin the body fluidswill increase the pathogenicity.

Ironisanimportant element inthe synthesisand function of anumber
of iron containing enzymes such as tyrosine hydroxylase, tryptophan
hydroxylase, xanthine oxidase, ribonucleoside reductase, monoamine oxidse,
and aldehyde dehydogenase. These enzymes are involved in the electron
transport in the brain and in the catabolism of neurotransmitters.
Dopaminergic system isthe most important neurotransmitter systeminthe
central nervous system and it is known to be very sensitive to the iron
levels. A synthesis of dopamine, serotonin and noradrenalineis affected by
iron deficiency anaemia. The enzyme cytochrome-C has been demonstrated
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to be particularly important in the oxidative metabolism and endurance (Beard
2001)

Iron has avery important role in the oxidative energy metabolism.
A large portion of theironin the body isused in the transport and supply of
oxygen for energy production. This portion of the body iron is known as
functiond ironandisacongtituent of haemaoglobin, myoglobin, iron-dependent
enzymesand respiratory chain proteins. These iron compounds servevarious
functionsin the energy metabolism as shown in thefollowing table.

Table 1.6: Iron-Containing Compounds Involved in Energy
Production

Iron-Containing  Functional Site Major Biological Functions

Protein in Energy Production

Haemoglobin Redbloodcells  Oxygen transport

Myoglobin Cytoplasm of Facilitates diffusion of oxygen
musclecells towardsthe mitochondria

Oxidativeenzymes Mitochondria- Oxidation of substrate (acetyl-

such as dehydro- inner membranes CoA) to produce NADH and

genase and matrix FADH

Respiratory chain ~ Mitochondria- Electroh (electrochemical energy)

proteins such as inner membrane  transfer from O molecule to

cytochromes NADH or FADZH2

Source: Haasand BrownlielV (2001)

Energy production in an individual is estimated on the aerobic
capacity to assess the maximum oxygen consumption (VO max) which
indicates the physical (aerobic) fitness. The endurance capacity isthe ability
of anindividual to sustain agiven workload over aperiod of time. It indicates
the supply of oxygen to the muscle tissue and utilization of oxygen by the
muscle tissue. Energy efficiency is the physiological energy required for
performing a given task, such as, sugarcane cutting, tea leaf picking or
earth moved in afixed period of time. Voluntary activity isthe ability of the
individual to perform strenuous voluntary activities over aperiod of timeor
shift to less strenuous sedentary activities. Economic productivity is the
ability of theindividual to produce goods or objectswhich can be quantified
over aspecified period. They include tea picking, rubber tapping, cotton or
jute mill work, cigarette rolling and so on, where the production output,
especially the earnings can be measured.
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The evidence from laboratory studies in animals and humans and
field studies before or after iron supplementation is strongest in pointing out
that the iron deficiency anaemia causes reduced aerobic capacity. This
clearly suggests the impairment of endurance capacity, existence of causal
relationship between iron deficiency and voluntary physical activity and
economic productivity (Haas and Brownlie IV 2001).

Iron Deficiency from Womb to Tomb

Iron deficiency seemstobedll pervadinginitsprevalence especialy
in the developing countries affecting people right from the foetal stage
through the entire life-cycle of an individual. Characterised as hidden
emergency theiron deficiency inthe early childhood isquite devastating as
it will block the development of the child to attain its own natural potential
for growth, both physical and mental. In the adolescence and adulthood
besides affecting the growth spurts, it affects the physical capacity,
reproductive performance, and economic outcomefor anindividual. Poverty,
illiteracy, poor environmental sanitation and inaccessibility for food escalate
the prevalence and the impact of iron deficiency anaemia.

MALNUTRITION

Human body needs energy to meet the physiol ogical and functional
needs. Food isthe principal source of energy inthe Nature. It isthefuel for
the maintenance of energy requiring processesthat sustain life (Devlin and
Horton 1990). Energy isneeded for maintaining the physiological milieuto
sustain electromechanical activities of the body. The food consumed is
converted into body energy stores and the efficiency with which such
conversion takes placeis subject to individual variations and the quality of
food consumed. There aretwo functions of thefood, viz., energy intakeand
energy expenditure.

Energy intake is an essential function of theliving organisms. Itis
highly variable and depends upon the availability, quality and physiological
ability to digest and assimilate the food so consumed.

Energy expenditureisthe physiological functioninwhichthefood
storesare converted into energy to meet the metabolic and functional needs
of the body. In the body the energy is required for four very essential
functions, viz., to meet the needs of basal metabolism, for the physical activity
or exercise, for the digestion of the food consumed and for facultative heat
regulation.

Basal metabolic rate (BMR) isthe rate at which the energy is used
by the body for proper functioning of all the systems in the body and to
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maintain the body temperature at normal level. BMR isavery sophisticated
scientific expression of energy expenditurewhereintheindividua isallowed
to perform only the most essential bodily functionswithout giving room for
extraenergy expenditure. Itismeasured under strict experimental conditions
but isapplicablefor routine activities of the body. BMR isthe major consumer
of body energy sources and accounts for 60-75 per cent of the energy
expenditure. BM R variesaccording to age, sex and body sizeand isinfluenced
by several metabolic factors.

Energy requirements for exercise is the energy required for
physical activitiesranging from routine tasks to physical work. It is highly
variable asit depends upon the activities performed and accountsfor 15-30
per cent of the energy expenditure. The spontaneous activity is a major
component of energy expenditureand, at its peak performance, theexercise
can consume 10-15 times the energy over and above the BMR.

Energy required for digestion (also known as specific dynamic action)
is the energy expenditure above the BMR for the digestion, assimilation,
and storage of food in the body. The complex processes involved in the
digestion and storage of food need varying amount of energy for such
activities. The energy required for the synthesis of various components of
nutrients varies according to the nature and importance of the nutrients
concerned.

Energy for facultative heat regulation isametabolic function which
hel ps to maintain the body temperature at a given level throughout the life
time of the individual. It accounts for < 10-15 per cent of the total energy
expenditure. It is variable depending upon the weather conditions, body
composition, age, and sex of the individual. Any increase in the body
temperature above the normal levels will account for higher energy
expenditure.

The science of nutrition examines the qualitative and quantitative
requirementsof diet necessary to maintain good health. All the components
of the diet required to maintain life are known. However, there are known
variationsin the quantities of the components depending upon age, sex, and
life-style of theindividuals (Mayes 2000).

Principal Energy Sources

There are three mgjor components of food, viz., carbohydrates,
fats and proteins. While carbohydrates and fats are the main source of
energy, proteins help in the synthesis of substances required for the growth
of theindividuals.



Carbohydrates

Carbohydrates are the most abundantly and commonly available
food for human beings (Szepesi 1990). Most abundant sources of
carbohydratesin the diet are starch, simple sugars, and cellulose. Man and
other monogastric organisms cannot digest cellulose. Digestion of
carbohydratesisregul ated by the functional capacity of the gastrointestinal
system. The processes involved in the digestion of the carbohydrates are
regulation of emptying of the stomach, intestinal motility, secretion of digestive
enzymes, and localisation of intestinal enzymes.

Dietary carbohydrates are ingested in three forms: (1) raw or
processed vegetables, fruits, and grains (i.e., cooked, boiled, ground etc.);
(2) purified carbohydrates added to foods; and (3) carbohydrates dissolved
invariousdrinks.

Carbohydrates serve asthe metabolic fuelsfor al tissues. Absorbed
carbohydrates are under acomplex control mechanism to maintain constant
levels of glucose in the body. Liver isthe main organ which regulates the
carbohydrate homeostasis in the body. The excess glucose is stored as
glycogenor fat. Intimesof shortage of glucose, liver manufactures glucose:
first from its own glycogen and when depleted from amino acids. The
carbohydrate intake is determined by cultural and economic factors.
Carbohydrates form 50 per cent of the diet in the developed countries and
up to 70 per cent of diet in the devel oping countries.

Lipids or Fats

Dietary lipids are substances which do not dissolve in water but
dissolvein organic solvents. Thelargest proportion of fatinthedietisinthe
form of triglycerides and other forms consist of fat-soluble vitamins (A, E,
D, and K), phospholipids and others (Dupont 1990).

The digestion of the fats starts from the mouth with the addition of
salivato the food. In the duodenum the bile and pancreatic secretions will
aid in the digestion and absorption of thefats. Absorbed lipids are rendered
water soluble and transported in the blood plasma for incorporation as
lipoproteins.

Although lipidsdo provideasignificant proportion of energy required
by the body the two essential functionsof thelipidsareto act asvehiclesfor
fat soluble vitamins and to provide the body with essential polyunsaturated
fatty acidswhich the body isunableto synthesise. Thethree polyunsaturated
fatty acidsarelinoleic acid, a—linolenic acid and arachidonic acid (Mayes
2000).
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The principal function of essential fatty acidsisthat they serve as
precursorsof biologically very active substanceslike leukotrienes, lipoxins,
prostaglandins and thrombxanes which act as local hormones.

Proteins

Proteins in the diet supply the body with nitrogenous compounds
essential for growth and maintenance of physical size of thebody. Proteins
contain amino acids, which arethe principa source of nitrogenous substances.
Nine amino acids have been recognised as essential amino acidsin humans,
viz., higtidine, isoleucine, leucine, lysine, methionine, phenylalanine, theonine,
tryptophan, and valine. These essential amino acids are required for the
protein synthesis in the body. Proteins are digested in the gastrointestinal
tract by avery complex digestive process and absorbed. Attimesof starvation
or increased demand for energy production and when there is a reduced
supply of carbohydrates and fats, proteins are the last affected.

Proteins are essential for maintaining metabolic equilibrium.
Requirement for the proteinsisincreased during growth, pregnancy, lactation,
tissuerepair, and recovery fromillness. The quality of the proteins depends
upon the amino acid content of the protein. Proteins of higher amino acid
content are derived from animal sources. Proteins from plant origin are
deficient in several essential amino acids, for example, deficiency of
tryptophan and lysine in maize, lysine in wheat, and methionine in some
pulses. In amixed diet the deficiency ismade up by the abundancein another
protein. Such proteins are known as complimentary proteins, for example,
proteins of wheat and pul ses provide satisfactory amino acid intake. Amino
acids, which are not incorporated into new protein and are unnecessary for
immediate requirement cannot be stored and are excreted (Mayes 2000).

Protein Energy Malnutrition (PEM)

Protein energy malnutrition is a mgjor public health problem in
developing countries, including India. It is both the quantity and quality of
food consumed by the individual or the people at large is responsible for
malnutrition.

PEM affects the physical well-being of population and growth of
people at the times of growth spurt in children and adolescents. In arecent
review of WHO database on malnutrition, Onis and Bldssner (2003) have
pointed out very high density of malnutrition in South Asia, especially in
India. Thereview hasindicated ahigh prevalence (= 40 per cent) of stunting
among childrenin India, which correspondsto the findings of the NFHS-2.
Nutritionally induced stunting robstheindividual s of their full potential as,

36



besides the stature, muscle mass is also reduced. Consequently, work
capacity isseverely compromised because of stunting and poor endurance.

Malnutrition affects mental development of the children who later
fail to thrivein motor and cognitive devel opment, school achievementsand
I1Q scores. Most of the effects of malnutrition are reversible if suitable
supplementation programmes areinstituted.

Children and adultswho suffer from malnutrition have higher rates
of infectious episodes due to reduced resistance to infections. In them both
humoral and cell mediated immunities are affected. As aresult, they are
proneto have morefrequent and more seriousinfections, specially diarrheal
and respiratory infections. Malnutrition contributes to high infant and
childhood mortalitiesin the devel oping countries. The benefit of better growth
during childhood will improve the chances of delivering healthy newborns
and decrease the risk of delivery complications and maternal deaths
(Martorell 2000).

Reproductive outcomeisjeopardised inthewomen with malnutrition.
Poor pregnancy outcomeresulting inintrauterine growth retardation, preterm
delivery, low birthweight, poor perinatal outcome, maternal morbidity and
mortalities are well recognised and they increase with the degree of
mal nutrition suffered. Maternal stunting besides being arisk factor seems
to propagate itself across generations.

Progress of the nations will remain afar fetched dream aslong as
the scourge of malnutrition is not tackled effectively. Poor human
devel opment in the devel oping countriesisan outcome aswell as acause of
poverty (Martorell 2000).
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PART 11

IRON DEFICIENCY ANAEMIA AND MALNUTRITIONIN
INDIA

A Meta-Analysis of NFHS-2 Data on Iron Deficiency Anaemia and
Malnutrition

India is a colourful country with the vividly undulating geography
and varying agro-climatic patterns in its vast expanse. Diverse social and
economic activities highlight the mosaic of the Indian economy. India can
boast of being a great ancient civilization with rich religious and colourful
culturesthat present ascintillating picture of the people and their life across
the land. In its passage through the time warp, India has accepted severa
religious and cultural influences and has seamlessly assimilated them into its
socio-cultural plurality. A glance at the Indian scene anywherein the country
will give a kaleidoscopic representation of the unity in diversity.

Ravaged by the mediaeva invasions and colonial past, the country
has earned the distinction of being a very large developing country with
very low level s of socioeconomic development at the dawn of independence.
Slow economic progress and low literacy levels, coupled with poverty and
burgeoning population growth, have affected, in generd, the hedth of the
people in the post-independent period. Severa population-based surveysin
the past have dealt with the issues concerning anumber of aspects of public
hedth. The National Family Health Survey (NFHS-2) 1998-99 undertook
the estimation of prevalence of iron deficiency anaemia (IDA) and
malnutrition by measuring haemoglobin levels and anthropometric
measurements of the ever married women age 15-49 and their children
below age 36 months.

Earlier studies on the prevalence of iron deficiency anaemia and
malnutrition in the country are scattered and very much limited in their
extent to produce any representative data for the country asawhole. For a
meaningful consideration of a public hedlth problem like iron deficiency
anaemia, robust datawith a uniform spread across the country isnecessary.
The NFHS-2 has been able to generate such data for the first time in the
country with certain limitations.

National Family Health Survey (NFHS-2): An Overview

National Family Health Survey 1998-99 was one of the largest
demographic and health surveys undertaken in the world. It was second in
the series, the National Family Health Survey 1992-93 (NFHS-1) being the



first jointly undertaken by the Internationa Institute for Population Sciences,
Bombay, ORC Macro, Calverton, MD, USA, and the East- West Centre
Honolulu, Hawaii, USA. NFHS-2 was undertaken all over the country
simultaneously covering all the twenty-six states. It was a nationally
representative sample survey covering more than 90,000 ever married
women age 15-49 and their children age below 36 months The objective of
the NFHS-2 was to provide state-level and nationa-level data on severa
demographic and hedlth aspects including the nutritional status of women
and their children. The survey was also expected to provide regional level
datafor the states of Bihar, Madhya Pradesh, Rajasthan and Uttar Pradesh,
datafor the metropolitan cities of Calcutta, Chennai, and Mumbai and dums
of Mumbai. The survey was conducted in two phases. Ten states were
surveyed in the first phase beginning in November 1998 and the remaining
states beginning in March 1999 (Tripurain May-July 2000).

NFHS-2 wasfunded by the United States Agency for International
Development (USAID) with additional funding from UNICEF. The
International Ingtitute for Population Sciences (11PS), Mumbai, coordinated
the survey and was technically supported by the ORC Macro, Calverton,
Maryland and the East-West Center, Honolulu, USA. Thirteen field
organisations- eight private sector organisations and five Popul ation Research
Centres (PRCs), established by the Ministry of Health and Family Welfare,
Government of India; wereinvolved in collecting the data, editing, processing,
tabulation and report writing.

This was the first ever nationwide attempt at the estimation of
prevalence of anaemiain the country on asample survey basis, planned and
executed smultaneoudly in all the twenty-six states of the country, using a
single methodology, survey instruments and uniform procedure. This
information wasintended to hel p policymakers and programme administrators
in planning and implementation of strategiesfor improving population, hedth,
and nutrition programmes.

Sample Design and Implementation: Sample Size and Reporting
Domains

The sample size for each state was specified in terms of number of
completed interviews with the eligible women. The sample size was set
according to the size of the state, resources available for the survey and the
aggregate levels at which separate estimates were required (i.e., urban/
rural, regional, metropolitan cities). The population of 1991 wastaken asthe
basis for determining the sample size for the states. With the exception of
Uttar Pradesh, Madhya Pradesh, Bihar and Rgjasthan, the sample size of
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4,000, 3,000, and 1,500 completed interviews with eligible women, was
considered adequate for states with 1991 population of more than 25 million,
2-25 million, and lessthan 2 million, respectively. In order to provideregional
estimates, the sample size was increased in the case of Uttar Pradesh to
10,000 completed interviews and 7,000 completed interviews each in Madhya
Pradesh, Bihar and Rajasthan.

Similarly, to provide estimates for metropolitan cities of Mumba,
Calcutta, and Chennai, the sample size was set at 5,500 for Maharashtra
and 4,750 each for Calcutta and Chennai. The target sample for Mumbai
waslarge enough to support the estimatesfor dum and non-slum popul ations.

Urban and rural sampleswithin each state were alocated separately
in proportion to the size of the urban and rura population of the states
concerned. In stateswhere the urban popul ation was not sufficient to support
a least 1,000 completed interviews, the urban areas were appropriately
oversampled except, in Goa, Sikkim, and six northeastern states, where the
sample size was only 1,500.

Sample Design

NFHS-2 adopted the sample character as Probability Proportionate
to Size (PPS) and multistage sampling procedure. In rurd areasthe sample
selection was in two stages and in urban areas it was three stage selection.
The villages were considered as Primary Sampling Units (PSUs) and were
selected in the first stage. The households within the PSUs were selected
randomly in the second stage. In the urban areas, wards were selected on
PPS basis followed by random selection of one census enumeration block
(CEB) within the selected ward in the second stage (except in Jammu &
Kashmir where two CEBswere selected in each sel ected ward). Household
listing was carried out within the CEB. On an average, 30 households per
block were selected (except Jammu and Kashmir and Mumbai where the
target was 20 households per block).

Sample Selection in Rural Areas

NFHS-2 used the 1991 censusligt of villages asthe sampling frame.
Districts were stratified into region and the regions were further stratified
on the basis of the following variables: sub-regions, village size, percentage
of males working in the non-agricultural sector, percentage of population
bel onging to scheduled castes and scheduled tribesand femaleliteracy levels,
though these variables were not used in al the states. A combination of
variables was used to create not more than six stratafor small, 12 stratafor
medium and 15 for large states. Female literacy was used as an implicit



variablein al the states except Keralaand Orissa, where it was used as an
explicit gratification variable to order the villages according to the proportion
of females who were literate. Villages were selected systematically with
the probability proportional to 1991 census population of the said villages. A
village with a minimum of 50 households was considered as a PSU and
smadler villages with 5-49 households were linked to the adjoining village
and villages with fewer than five households were excluded.

In al the states mapping and house listing was followed by selection
of households. Villages with more than 500 households were segmented
and segments were selected randomly on PPS basis. Households for
interviewing were selected with equal probability by systematic sampling.
On an average, 30 households were targeted with a